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CAMBKIAN BRACHIOPODA.

By Charles D. Walcott.

INTRODUCTION.

PREPARATION AND SCOPE.

It was not until after the preparation of the preliminary memoir, on the fauna of the Lower
Cambrian or Olenellus zone"' that I began to think seriously of undertaking the systematic

study of the Cambrian faunas of the world. The second extended contribution was the memoir
on tlie fossil Medusae/ after wliicli studies were continued on the Brachiopoda. Administra-

tive duties have greatly interfered -with the prosecution of the work, but by taking advantage

of all opportunities, both in the field and ofhce, some progress has been made from year to year.

The work is not so complete as it naight be in its discussion of genera and species, details of

evolution, and the relations of the Cambrian brachiopod fauna to Ordovician and later faunas.

My main purpose has been to make the results of the investigation of value to the student of

Cambrian faunas and to the stratigraphic geologist.

This monograph includes the description of 44 genera, 15 subgenera, 477 species, and 59

varieties of Cambrian Brachiopoda, and of 3 genera, 1 subgenus, 42 species, and 1 variety of

Ordovician Brachiopoda. Of the Cambrian forms, 10 genera, 2 subgenera, 21 species, and 1

variety persist into the Ordovician. (See pp. 98-113 for complete tables giving distribution.)

In this paper the Brachiopoda are treated in three ways—liistorically, geologically,

and zoologically. Historically the treatment comprises (1) a bibliography and (2) a table of

synonymic reference, giving a completely cross-referenced list of described species with the

present generic and specific reference of each. Geologically the distribution of the Brachi-

opoda is considered under the following headings: (1) General geographic and stratigrapliic

distribution; (2) detailed geographic distribution; (3) detailed stratigraphic distribution; (4)

habitat; and (5) fossil locaUties. Zoologically the discussion covers (1) the physical characters

of the Brachiopoda; (2) their distribution; (3) their evolution; and (4) their classification.

Lastly come the detailed descriptions of genera and species and the illustrative plates.

ACKNOWLEDGMENTS

.

In the course of the investigations of the Cambrian brachiopods during the past ten years

I have received assistance in various forms and degrees from many individuals in all sections

of the world where the Cambrian strata and faunas occur. To all I return my most grateful

acknowledgment and sincere thanks. If any who have assisted me are overlooked in these

acknowledgments, I beg leave to assure them that it is not by intention.

Dr. Ferdinand Schmidt, of the Royal Institution of St. Petersburg, sent many.specimens
and valuable notes on the range of the species in the Upper Cambrian and Lower Ordovician

Tjeds of the Baltic provinces of Russia.

Dr. A. Mickwitz, of Reval, Esthonia, Russia, sent material from the Obolus beds of Russia.

"Walcott, C. D., Fauna ot the Lower Cambrian or Olenellus zone: Tenth Ann. Rept. U. S. Geol. Survey, pt. 1 1890, pp. 609-763.

t> Walcott, C. D., Fossil Medusae: Mou. U. S. Geol. Survey, vol. 30, 1898.
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12 CAMBRIAN BRACHIOPODA.

'Mr. J. F. Nery Delgado, of the Geological Survey of Portugal, presented photographs of

several of the Lower Cambrian brachiopods described by him from Portugal, also a specimen

of the new form Delgadella lusitanica.

Dr. Charles Barrois, of the University of Lille, France, gave information in relation to the

Cambrian faunas of Spain and France.

Dr. Karl A. GronwaU, of the Geological Survey of Denmark, made a collection of Cambrian
fossils for me in Bornholm, among wliich were fine representatives of the brachiopods described

by liim in his memoir on the Paradoxides fauna of Bornholm.

Dr. J. F. Pompeckj, of the University of Hohenlieim, Wurttemberg, Germany, was always
ready to give information and assistance. .

Dr. T. H. Holland, director of the Geological Survey of India, generously loaned for study

the collection of brachiopods from the Cambrian formations of the Salt Range, and gave me
the opportunity of studying and illustrating Doctor Waagen's types.

Prof. Walter Howchin, of the University of Adelaide, South Australia, sent for study

and illustration all the types of Cambrian fossils described by Messrs. R. Etheridge, jr., and
Ralph Tate.

As a result of the expedition of the Carnegie Institution of Washington to China under
the direction of Mr. Bailey Willis, assisted by Mr. Eliot Blackwelder, large collections of fossils

were made from many faunal horizons of the Cambrian, and among them the various bracliio-

pods described in this volume.

Dr. W. C. Brogger, of the University of Christiania, Norway, very generously loaned the

types described by him in ' 'Die Silurischen Etagen 2 und 3, " also duplicate material of Cam-
brian brachiopods wliich he had collected at various localities in Norway.

Dr. N. Olof Hoist, of the Geological Survey of Sweden, very Idndly took charge of the

making of collections of Cambrian fossils for me by Mr. G. Schmalensee, a collector of the

Survey, and also permitted the sending of specimens for study and in exchange.

Dr. Joh. Chr. Moberg, of Lund, Sweden, both loaned and presented material for study.

Through the courtesy of Dr. Carl Wiman, of Upsala, Sweden, I had the opportunity of

studying the Cambrian brachiopods described by him from the North Baltic region. He not

only sent me the specimens, but also answered inquiries in relation to certain facts concerning

them which did not appear in the text of his report.

I am greatly indebted to the Geological Survey of Canada for the loan of many of the types

in the collections of the Survey museum. Prof. J. F. Wliiteaves and Dr. Henry M. Ami were

especially kind in selecting and forwarding the specimens desired.

Sir Wilham E. Dawson permitted me to look over the collection of the McGill Uni-

versity museum, and later Dr. Frank D. Adams sent specimens of the Cambrian brachiopods

in the collection.

For many years before the sale of his collection. Dr. George F. Matthew, of St. John,

New Brunswick, frequently loaned me his types and study material, and also when I visited

New Brunswick directed me to the most favorable localities for collecting material both in

New Brunswick and Cape Breton. Wlien his collections went to the University of Toronto,

Prof. W. A. Parks sent to me from them the various types that I needed for study and illus-

tration.

Prof. Alexander Agassiz permitted me to study the collections of Cambrian brachiopods

in the Museum of Comparative Zoology, and also to take to Washington and have illustrations

made of a number of specimens, especially those from Bohemia.

Prof. J. M. Clarke, director of the New York State Museum, Albany, N. Y., was most
courteous in lending material and giving information relating to it.

Mr. W. A. Finkelnburg, of Winona, Mnn., sent material from his collection, and also made
collections from the "St. Croix sandstone" at several locahties in Minnesota, which enabled

me to add very materially to the description of the Cambrian brachiopods of Minnesota.

Prof. Alpheus Hyatt, of the Boston Museum of Natural History, lent material he collected

on the coast of Labrador, and he was always ready to discuss problems connected with the life

history and evolution of the Brachiopoda.
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To no one am I more indebted than to Prof. Charles Schuchert, of Yale University, whose
suggestions and comments, made in response to questions submitted to him, and also as the

result of examining the plates and the prehminary draft of the zoological discussion, have

been most helpful.

From year to year material for study was brought in by various members of the United

States Geological Survey as opportunity offered, and large collections were made in the Cor-

dilleran area of the United States by Mr. S. Ward Loper, of the Wesleyan University museum.
I collected personally from various parts of the United States and Canada, England, and Wales,

being assisted in the Cordilleran area by Mr. F. B. Weeks and Mr. Lancaster D. Burling.

During the course of the preparation of this monograph I have received from time to time

effective assistance from members of the United States Geological Survey, especially those

directly acting as my assistants. Wlien studying the Acrotretidse Dr. George H. Girty selected

material for illustration and also made preliminary notes on some of the species. Miss Elvira

Wood separated and classified the brachiopods collected in 1905-6, directed the preparation

of drawings, and, in 1906, revised the proof of the plates, which were printed at that time.

Mr. Lancaster D. Burling, of the United States National Museum, revised, verified, and
tabulated the synonymy and localities and assisted in many ways in the final make-up of the

text of the volume from 1907 to 1912.

At my request Mr. E. O. Ulrich, of the United States Geological Survey, carefully read the

zoological discussion and made notes that led me to make several modifications, especially in

relation to the protrematous genera. I have included in the text his observations on the

spondylium.

To Mr. R. S. Bassler, of the United States National Museum, I am indebted for a number
of thin sections of the ' shells of Cambrian bracliiopods and a few Ordovician orthoids and for

notes on the sections.

The drawings have been prepared mainly by Miss Frances Wieser, of the United States

Geological Survey. The plates are the evidence of her faitlrful work.

HISTORICAL DATA.
BIBLIOGRAPHY.

The following bibliography includes the works referred to in this monograph,° arranged

alphabetically by authors and chronologically under each author:

Ami, H. M.:

1887. The Ottawa Naturalist, vol. 1, No. 9, 1887 (Dec), pp. 121-126: Notes on, and the precise geological horizon

of, Siphonotreta scotica Davidson.

Bakrande, J. (see also de Veeneuil and Bareande):
1848. Naturwissenschaftliche Abhandlungen, gesammelt und durch Subscription herausgegeben von Wilhelm

Haidinger, Bd. 2, Abth. 1, No. 5, 1848, pp. 153-256: Ueber die Brachiopoden der silurischen Schichten

vonBohmen. 4°. Wien.

1868a. II: Fauna silurienne des environs de Hof, en Bavifere, 1868 (Dec), pp. 31-110 (published with 1: Reap-
parition du genre Arethusina Barrande.) 8°. Prague.

1868b. Neues Jahrbuch fiir Mineralogie, Geologie, und Palseontologie for 1868, pp. 641-696: Silurische Fauna
aus der Umgebung von Hof in Bayern.

1879a. Systeme silurien du centre de la Boh^me, vol. 5, pt. 1, 1879, pp. 1-226, Pis. I-LXXI. 4». Prague.

1879b. Systeme silurien du centre de la Boheme, vol. 5, pt. 1, 1879, Pis. LXXII-CLIII. 4°. Prague.

Barrois, C:
1882. Memoires de la Societe geologique du Nord, tome 2, Mem. 1, 1882: Becherches sur les terrains anciens des

Asturies et de la Galice (Espagne).

Bassler, R. S.:

The lists of phyllopods cited under several of the localities on pages 161 to 291 were furnished to me by Mr.

Bassler from a manuscript copy of Ulrich and Bassler's memoir on the Phyllopoda, which is now in press.

Bebcher, C. E.:

1891. American Journal of Science, 3d ser., vol. 41, 1891 (April), pp. 343-357: Development of the Brachiopoda.

o Exceptions are: Albers, p. 434; Balsamo-Crivelli, p. 441; Baly, pp. 332 and 334; Clarke, p. 441; Iddingsand Weed, p, 417; Marshall, pp.
434 and 441; and Stose, p. 271.
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BlGSBY, J. J.:

1868. Thesaurus Siluricus: The flora and fauna of the Silurian period, with addenda, 1868. 4°. London.

Billings, E.:
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Obolus and Lingulella, with description of new species.

1899. Monographs United States Geological Survey, vol. 32, 1899; Geology of the Yellowstone National Park,

pt. 2, pp. 440-466: Cambrian fossils.

1900. Proceedings of the Washington Academy of Sciences for 1899, vol. 1, 1890 (Feb. 14), pp. 301-339: Lower
• Cambrian terrane in the Atlantic province.

1901. Proceedings United States National Museum, vol. 23, 1901 (May 22), pp. 669-695: Cambrian Brachiopoda:

Obolella, Subgenus Glyptias; Bicia; Obohis, Subgenus Westonia; with descriptions of new species.

1902. Proceedings United States National Museum, vol. 25, 1902 (Nov. 3), pp. 577-612: Cambrian Brachiopoda:

Acrotreta; Linnarssonella; Obolus; with descriptions of new species.

1905a. Proceedings United States National Museum, vol. 28, 1905 (Feb. 17), pp. 227-337: Cambrian Brachiopoda,

with descriptions of new genera and species.

1905b. Proceedings United States National Museum, vol. 29, 1905 (Sept. 6), pp. 1-106: Cambrian faunas of China.

1906. Proceedings United States National Museum, vol. 30, 1906 (May), pp. 563-595: Cambrian faunas of China,

, . paper No. 2.

1908a. Smithsonian Miscellaneous Collections, vol. 53, Cambrian Geology and Paleontology, No. 1, 1908 (Apr. 18),

pp. 1-12: Nomenclature of some Cambrian cordilleran formations.

1908b. Smithsonian Miscellaneous Collections, vol. '53, Cambrian Geology and Paleontology, No. 2, 1908 (Apr. 25),

pp. 13-52: Cambrian trilobites.

1908c. The Canadian Alpine Journal, vol. 1, No. 2, 1908 (Sept.), pp. 232-248: Mount Stephen rocks and fossils.

1908d. Smithsonian Miscellaneous Collections, vol. 53, Cambrian Geology and Paleontology, No. 3, 1908 (Oct. 1),

pp. 53-137: Cambrian Brachiopoda; descriptions of new genera and species.

1908e. Smithsonian Miscellaneous Collections, vol. 53, Cambrian Geology and Paleontology, No. 4, 1908 (Oct. 13),

pp. 138-165: Classification and terminology of the Cambrian Brachiopoda.

1908f. Smithsonian Miscellaneous Collectioiis, vol. 53, Cambrian Geology and Paleontology, No. 5, 1908 (Nov.),

pp. 167-230; Cambrian sections of the Cordilleran area.
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Wallbrius, I. D.:

1895. Undersokningar ofver Zonen med ^^nosiMS tewjraius i Vestergotland, etc.; 1895. 8°. Lund.

Weed, W. H.:

1900. Twentieth Annual Report United States Geological Survey, 1900, pt. 3, pp. 257-461: Geology of the Little

Belt Mountains, Montana.

Weller, Stuart:

1903. Geological Survey of New Jersey, Report on paleontology, vol. 3, 1903: The Paleozoic faunas.

WesteegArd, a. H.:

1909. Meddelande fr^n Lunds Geologiska Faltklubb, Ser. B, No. 4 (Aftryck ur Kongl. Fysiografiska Sallskapets

Handlingar, N. F., Bd. 20), 1909, pp. 1-79: Studier ofver Dictyograptusskiffern och dess granslager med
Sarskild hansyn till i Sk^ne forekommande bildningar.

White, C. A.:

1874. Geographical and Geological Explorations and Surveys West of the One Hundredth Meridian, Preliminary

report upon invertebrate fossils, 1874 (Dec), pp. 5-27.

1877. Report upon United States Geographical Surveys West of the One Hundredth Meridian, vol. 4, pt. 1,

Paleontology, 1877, pp. 1-219.

1880. Proceedings of the United States National Museum, vol. 3, 1880 (May 6), p. 47: Note on Acrothele.

Whiteaves, J. F.:

1878. The American Journal of Science and Arts, 3d ser., vol. 16, 1878 (Sept.), pp. 224-226: On some Primordial

fossils from southeastern Newfoundland.

Whitfield, R. P. (see also Hall and Whitfield):

1862. The American Journal of Science and Arts, 2d ser., vol. 34, 1862 (July), p. 136: Note on the description of

Lingula polita.

1875. Report of a reconnaissance of the Black Hills of Dakota, made in 1874, by William Ludlow, 1875, pp. 103-

104: Descriptions of new fossils.

1877. United States Geographical and Geological Survey of the Rocky Mountain Region: Report on the geology

of the Black Hills of Dakota, Preliminary Report, 1877.

1878. Annual Report of the Wisconsin Geological Survey for 1877; 1878, pp. 50-89: Preliminary descriptions of

new species of fossils from the lower geological formations of Wisconsin,

1880. United States Geographical and Geological Survey of the Rocky Mountain Region; Report on the geology

and resources of the Black Hills of Dakota, by Newton and Jenney, 1880, pp. 329-468: Paleontological

report.

1882. Geology of Wisconsin, vol. 4, 1882, pt. 3, pp. 161-363: Paleontology

1884. Bulletin of the American Museum of Natural History, vol. 1, No. 5, 1884 (Feb. 13), pp. 139-154: Notice

of some new species of Primordial fossils in the collections of the museum, and corrections of previously

described species.

1886. Bulletin of the American Museum of Natural History, vol. 1, No. 8, 1886 (Dec. 28), pp. 293-345: Notice

of geological investigations along the eastern shore of Lake Champlain, ^vith descriptions of new fossils.

Willis, Bailey, and Blackwelder, Eliot:"

1907. Carnegie Institution of Washington. Research in China, vol. 1, 1907 (Apr.), chap. 6, pp. 99-152: Stratigra-

phy of western Chili and central Shansi.

WiMAN, C:
1902. Bulletin of the Geological Institution of the University of Upsala, vol. 6, pt. 1, No. 11, 1902, pp. 12-76:

Studien uber das nordbaltische Silurgebiet.

WiNCHELL, A.:

1864. The American Journal of Science and Arts, 2d ser,, vol. 37, 1864 (Mar.), pp. 226-232: Notice of a small

collection of fossils from the Potsdam sandstone of Wisconsin and the Lake Superior sandstone of Michigan.

WiNCHELL, N. H.:

18S6. Fourteenth Annual Report of the Geological and Natural History Survey of Minnesota for 1885; 1886, pp.

313-318: New species of fossils,

WiNCHELL, N, H., and Schucheet, C:
1895. The Geological and Natural History Survey of Minnesota, The geology of Minnesota, vol. 3, pt. 1, Paleon-

tology, 1895, pp. 333^74: The Lower Silurian Brachiopoda of Minnesota.

Wtsogorski, Johann:
1900. Zeitschrift der deutschen geologischen Gesellschaft, Bd. 52, Hft. 2, 1900, pp. 220-226: Zur Entwicklungs-

geschichte der Orthiden im ostbaltischen Silur.

Zittel, K. a. von:

1880. Handbuch der PalKontologie, Bd. 1, Palseozoologie, Abth. 1, 1880. 8°. Miinchen und Leipzig.

o Since this reference was made and iised in the monograph it has been noticed that the section on the Paleozc'c (pp, 136-152) is credited to

Blackwelder.



CAMBRIAN BRACHIOPODA. 27

SYNONYMIC REFERENCES.

The following table contains, arranged alphabetically by genera, subgenera, species, and

varieties, a list of the Brachiopoda referred to in this monograph, as they occur in the litera-

ture, and gives the present reference of each:

List, by genera, subgenera, species, and varieties, of the references given in the synonymy, with the present reference of each.

A.
Present reference.

abavia [Acrothele], Matthew [1902b, pp. 398-iOO] Acrothele avia.

Matthew [1903, pp. 100-101] Do.

abnormis [Syntrophia], Walcott [1905a, pp. 289-290] Huenella abnormis.

acadica [Obolus], Walcott [1905a, pp. 324-325] Obolus acadicus.

Acritis Dall [1877, p. 11] Obolus (Acritis)

.

Oehlert [1887, p. 1264] Do.

Volborth [1869, pp. 212-217] Do.

(Acritis) [Obolus], Mickwitz [1896, pp. 205-206] Do.

Walcott [1901, p. 683] Do.

Walcott [190Se, PI. XI, and pp. 142 and 144] Do.

Acritis antiquissima Gagel [1890, p. 22] Obolus (Acritis) antiquissimus.

Hall and Clarke [1892c, p. 82] Do.

Volborth [1869, pp. 212-217] Do.

(Acritis) antiquissimus [Obolus], Mickwitz [1896, pp. 206-213] Do.

(Acritis) antiquissimus ventrosus [Obolus], Mickwitz [1896, pp. 21S-214].. Do.

(Acritis?) rugatus [Obolus], Walcott [1901, p. 694] Obolus (Acritis?) rugatus.

Acrothele Davidson [1883, pp. 213-214] Acrothele.

Grabauand Shimer [1907, p. 200] Do.

Hall and Clarke [1892a, pp. 249-250] Do.

Hall and Clarke [1892b, pp. 565-566] Do.

Hall and Clarke [1892c, pp. 98-101] Do.

Linnarsson [1876, pp. 20-21] Do.

Matthew [1903, pp. 103-105] Do.

Oehlert [1887, pp. 1269-1270] Do.
,

Walcott [1886b, pp. 107-108] : Do.

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Zittel [1880, p. 665] Do.

Acrothele abavia Matthew [1902b, pp. 398^00] Acrothele avia.

Matthew [1903, pp. 100-101] Do.

Acrothele artemis Walcott [1908d, p. 82] Acrothele artemis.

Acrothele avia Matthew [1899b, pp. 202-203] Acrothele avia.

Matthew [1902b, pp. 396-398] Do.

Matthew [1903, pp. 55 and 98-99] Do.

Acrothele avia-puteis Matthew [1902b, p. 398] Acrothele avia puteis.

Matthew [1903, p. 100] Do.

Acrothele barbata Moberg and Segerberg [1906, pp. 67-68] Acrothele ceratopygarum.

Acrothele bellapunctata Walcott [1908d, pp. 82-83] Acrothele bellapunctata.

Acrothele bellula Walcott [1897b, pp. 716-717] Acrothele bellula.

Acrothele bergeroni Walcott [1908d, pp. 83-84] Acrothele bergeroni.

Acrothele bohemica Hall and Clarke [1892c, p. 101] Acrothele bohemica. . .

Pompeckj [1896b, pp. 509-511] Do.

Walcott [1886b, p. 107] -... Do.

Acrothele borgholmensis Walcott [1908d, pp. 84-85] Acrothele borgholmensis.

Acrothele ceratopygarum Moberg and Segerberg [1906, p. 67] Acrothele ceratopygarum.

Acrothele ceratopygonum Walcott [1902, p. 598] Do.

Acrothele colleni Walcott [new] Acrothele coUeni.

Acrothele coriace Brogger [1878, p. 76] Acrothele coriacea.

Acrothele coriacea Gronwall [1902, p. 40] Do.

Linnarsson [1876, pp. 21-23] Do.

Acrothele decipiens Walcott [1897b, p. 716] Acrothele decipiens.

Acrothele? dichotoma Walcott [1884b, pp. 14-15] Acrothele dichotoma.

Acrothele gamagei Grabau [1900, pp. 615-617] ,
Acrothele gamagei.

Grabau and Shimer [1907, p. 200] Do.

Shimer [1907, pp. 176 and 177] Do.
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Present reference.

Acrothele granulata Davidson [1883, p. 214] Acrothele (Redlichella) granulata.

Hall and Clarke [1892c, pp. 100-101] Do.

Linnarsson [1876, p. 24] Do.

Lirmarsson [1877, pp. 373-374] Do.

Swanston [1877, El. VII, fig. 20a-c] Do.
"

•

Swanston [1886, Pi. VII, fig. 20a-c] Do.

Walcott [1886b, p. 109] Do.

Acrothele inchoans Matthew [1902b, p. 404] Acrotreta inchoans.

Matthew [1903, p. 103] Do.

Acrothele intermedia Gronwall [1902, p. 39] Acrothele intermedia.

Linnarsson [1879, pp. 25-27] Do.

Acrothele levisensis Walcott [1908d, p. 85] Acrothele levisensis.

Acrothele matthewi Grabau and Shimer [1907, p. 200, fig. 234f] Acrothele matthewi.

Grabau and Shimer [1907, p. 200, fig. 234g] Acrothele prima.

Hall and Clarke [1892a, PI. Ill, fig. 24] Acrothele matthewi.

"Halland Clarke [1892c, pp. 99 and 100] Do.

Matthew [1886, pp. 39-41] Do.

Matthew [1895a, p. 128] Do.

Matthew [1902b, pp. 397 and 402] Do.

Matthew [1903, p. 104] Do.

Walcott [1884a, p. 15] Do.

Walcott [1886b, p. 109] Do.

Walcott [1891a, p. 609] Do.
Acrothele matthewi costata Matthew [1895a, p. 128] Acrothele prima costata.

Matthew [1902b, p. 397] Do.

Matthew [1903, p. 104] Do.

Acrothele matthewi eryx Walcott [1905b, p. 11] Acrothele matthewi eryx.

Acrothele matthewi lata Hall and Clarke [1892a, PI. Ill, figs. 25 and 26] . .Acrothele matthewi lata.

Hall and Clarke [1892c, PI. Ill, figs. 26-28] Do.

Matthew [1886, p. 41] Do.

Matthew [1895a, PI. V, figs. 8a-b] Do.

Matthew [1903, p. 104] Do.

Acrothele matthewi multicostata Matthew [1897b, p. 168] Acrothele matthewi multicostata.

Acrothele matthewi prima Hall and Clarke [1892a, PI. Ill, fig. 27].-. Acrothele prima.

Hall and Clarke [1892c, PI. Ill, fig. 25] Do.

Matthew [1886, p. 41] Do.

Matthew [1895a, PL V, figs. 7a-b] Do.

Matthew [19021), pp. 397 and 402] Do.

Matthew [1903, p. 104] Do.

Acrothele? minuta Walcott [1905a, p. 303] Acrothele? minuta.

Acrothele panderi Walcott [new] Acrothele panderi.

Acrothele pretiosa Walcott [1898b, p. 402] .' Acrothele pretiosa.

Acrothele primseva Pompeckj [1896b, p. 603] Acrothele primseva.

Acrothele proles Matthew [1902b, pp. 400^01] Acrothele proles.

Matthew [1903, pp. 60 and 102-103] Do.

Acrothele quadrilineata Pompeckj [1896b, p. 511] Acrothele quadrihneata.

Acrothele rarus Walcott [1905a, pp. 303-304] Acrothele rara.

Acrothele spurri Walcott [1908d, pp. 86-87] Acrothele spiuri.

Acrothele subsidua Beecher [1891, PL XVII, fig. 12] Acrothele subsidua.

Grabau and Shimer [1907, p. 200] Do.

Hall and Clarke [1892c, pp. 100 and 103] Do.

Matthew [1902c, p. 110] Do.

Matthew [1903, p. 10'3] Acrothele spurri.

Walcott [1886b, pp. 108-109, PL IX, figs. 4a-c] Acrothele subsidua. The paragraph on

page 109 includes reference to this species

and to Acrothele spurri.

Walcott [1886b, p, 109, PL IX, fig. 4] Acrothele spuiTi. The paragraph on page

109 includes reference to this species and
to Acrothele subsidua.

Walcott [1891a, p. 608, PL LXX, fig. 1] Acrothele spurri. The text includes refer-

ence to this species and to Acrothele sub-

sidua.
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Present reference.

Acrothele subsidua Walcott [1891a, pp. 608-609, PL LXX, figs, la-c] Acrothele subsidua. The text includes

reference to this species and to Acrothele

epurri.

White [1880, p. 47] Acrothele subsidua.

Acrothele subsidua hera Walcott [1908d, p. 87] Acrothele subsidua hera.

Acrothele subsidua leevis Walcott [new] Acrothele subsidua leevis.

Acrothele turneri Walcott [1908d, pp. 87-88] Acrothele tm-neri.

Acrothele villaboimensis Delgado [1904, p. 365] Acrothele villaboimensis.

Acrothele woodworthi Walcott [1908d, p. 88] Acrothele woodworthi.

Acrothele yorkensis Walcott [190Sd, pp. 88-89] Acrothele yorkensis.

Acrothele sp. undt. Walcott [new] Acrothele sp. undt. a.

Acrothele sp. Moberg [1892b, pp. 114-115] Acrothele sp. undt. b.

Pompeckj [1896b, p. 603] Botsfordia? barrandei (in part) and Acro-

thele bergeroni (in part).

Acrothele (Redlichella) Walcott [1908d, pp. 89-90] Acrothele (RedKchella).

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Acrothyra Matthew [1901b, pp. 303-304] Acrothyra.

Matthew [1902c, p. 104] Do.

Matthew [1903, pp. 85-86] Do.

Matthew [1903, pp. 88-89] •. Do.

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Acrothyra? inflata Matthew [1901b, p. 304] Acrotreta inflata.

(Acrothyra?) inflata [Lingulella], Matthew [1902b, p. 390] Do.

Acrothyra minor Walcott [1905a, p. 303] Acrothyra minor.

Acrothyra proavia Matthew [1902b, pp. 386-388] Acrothyra proavia. '

Matthew [1903, pp. 53-55] Do.

Acrothyra proavia crassa Matthew [1902b, pp. 389-390] Do.

Matthew [1903, p. 94] Do.

Acrothyra proavia prima Matthew [1901b, p. 303] ^ Do.

Matthew [1902b, p. 389] Do.

Matthew [1903, pp. 58, 86, and 93] Do.

Acrothyra signata Matthew [1902b, pp. 381-382] Acrothyra signata.

Matthew [1903, p. 87] Do.

Acrothyra signata orta Matthew [1902b, pp , 385-386] Acrothyra signata orta.

Matthew [1903, pp. 89-90] Do.

Acrothyra signata prima Matthew [1902b, pp. 382-383] Acrothyra signata prima.

Matthew [1903, p. 73] Do.

Acrothyra (signata) sera Matthew [1902b, pp. 383-384] Acrothyra sera.

Acrothyra signata sera Matthew [1903, p. 56] Do.

Matthew [1903, pp. 87-88] Do.

Acrothyra signata tarda Matthew [1902b, pp. 384-385] Do.

Matthew [1903, p. 89] Do.

Acrotreta Dall [1877, p. 12] Acrotreta.

Davidson [1853, p. 133] Do.

Davidson [1871-, p. 343] Do.

Grabau and Shimer [1907, p. 199] Do.

Hall and Clarke [1892a, p. 250] Do.

Hall and Clarke [1892b, p. 566] Do.

Hall and Clarke [1892c, pp. 101-104] Do.

Kutorga [1848, pp. 259, 260, and 275] Do.

Matthew [1902b, p. 390] Do.

Matthew [1903, pp. 94 and 96-97] Do.

Morris [1849, pp. 316 and 318] Do.

Oehlert [1887, p. 1266] Do.

von Seebach [1865, p. 341] Do.

Walcott [1884b, pp. 16-17] .. Do.

Walcott [1908e, PL XI, and pp. 142 and 146] , Do.

Zittel [1880, p. 666] Do.

Acrotreta argenta Walcott [1902, pp. 580-581] Acrotreta argenta.

Acrotreta attenuata Meek [1873, p. 463] Acrotreta attenuata (in part), A. attenuata

var. (in part), and A. idahoensis (in part).

Walcott [1905a, p. 298] Acrotreta attenuata.
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Present reference.

Acrotreta attenuata var.? Walcott [1905a, p. 298] Acrotreta attenuata var.?

Acrotreta babel Barrande [1879b, PI. XCV, figs, vii: 1-2] Acrotreta babel.

Acrotreta baileyi Hall and Clarke [1892a, PL III, figs. 28-30] Acrotreta baileyi.

Hall and Clarke [1892c, p. 102] Do.

Matthew [1886, pp. 36-37] Do.

Matthew [1902b, p. 395] Do.

Matthew [1903, p. 97] Do.

Walcott [1902, pp. 581-582] Do.

Acrotreta baileyi ? Matthew [1892, p. 43] Acrotreta bisecta.

Acrotreta bellatula Walcott [1908d, pp. 93-94] Acrotreta bellatula.

Acrotreta bisecta Matthew [1901a, pp. 275-276] Acrotreta bisecta.

Matthew [1902b, p. 394] Do.

Matthew [1903, pp. 186-187] Do.

Walcott [1902, p. 582] ' Do.

Walcott [1905a, pp. 298-299] ' Do.

Acrotreta? cancellata Walcott [1905a, p. 299] Acrotreta?? cancellata.

Acrotreta carinata Moberg and Segerberg [1906, p. 66] Acrotreta carinata.

(Acrotreta?) ceratopygarum [Discina], Brogger [1882, p. 47] .^ Acrothele ceratopygarum.

Acrotreta circularis Moberg and Segerberg [1906, pp. 65-66] Acrotreta circularis.

Acrotreta claytoni Walcott [1902, p. 583] Acrotreta claytoni.

Acrotreta concentrica Walcott [1902, p. 583] Acrotreta concentrica.

Acrotreta conula Walcott [1902, p . 584] Acrotreta conula.

Acrotreta convexa Walcott [1902, p . 584] Acrotreta convexa.
'

Acrotreta curvata Walcott [1902, p . 584] Acrotreta curvata.

Acrotreta definita Walcott [1902, pp. 584-585] Acrotreta definita.

Acrotreta depressa Walcott [1908c, p. 245] Acrotreta depressa.

Acrotreta dichotoma Hall and Clarke [1892c, pp. 100 and 103] Acrothele dichotoma.

Walcott [1886b, p. 107] Do.

Acrotreta eggegrundensis Walcott [1905a, pp. 299-300] Acrotreta eggegrundensis.

Wiman [1902, p. 55] Do.

Acrotreta emmonsi Walcott [i905a, p. 300] Acrotreta emmonsi.

Acrotreta gemma Billings [1865a, pp. 216-217] Acrotreta gemma.
Grabau and Shimer [1907, p. 199] Acrotreta primseva.

Hall and Clarke [1892c, p. 102, fig. 55] Acrotreta curvata.

Hall and Clarke [1892c, p. 102, figs. 56 and 57] Acrotreta idahoensis alta.

Walcott [1884b, pp. 17-18] ; Acrotreta attenuata (in part), A. pyxidi-

cula (in part), A. curvata (in part), and
A. idahoensis alta (in part). The text

includes all four species, but the last two
were the only ones figured.

Walcott [1884b, pp. 17-18, PI. I, figs, la-b] Acrotreta idahoensis alta.

Walcott [1884b, pp. 17-18, PI. I, figs. Id-e] Acrotreta curvata.

Walcott [1886b, pp. 98-99] Acrotreta attenuata (in part), A. pyxidi-

cula (in part), and A. primaeva (in part).

The text includes all three species, but

the last was the only one figured.

Walcott [1886b, pp. 98-99, PI. VIII, figs. 1, la-b] Acrotreta primseva.

Walcott [1891a, p. 608] Acrotreta attenuata (in part), A. pyxidi-

'cula (in part), A. curvata (in part), A.

idahoensis alta (in part), and A. pri-

maeva (in part). The text includes all

five species, but the last three were the

only ones figured.

Walcott [1891a, p. 608, PI. LXVII, figs. 5 and 5a] Acrotreta idahoensis alta.

Walcott [1891a, p. 608, PI. LXVII, fig. 5b] Acrotreta curvata.

Walcott [lS91a, p. 608, PI. LXVII, 5c-e] Acrotreta primaeva.

Walcott [1899, p. 449] Acrotreta attenuata (in part), A. pyxidi-

cula (in part), A. curvata (in part), A.
idahoensis alta (in part), and A. pri-

mseva (in part). The text includes all

five species, but the last three were the

only ones figured.

Walcott [1899, p. 449, PI. LXII, figs. 2, 2b, and 2d] Acrotreta primseva.
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Present reference.

Acrotreta gemma Walcott [1899, p. 449, PI. LXII, figs. 2a and 2c] Acrotreta idahoensis alta.

Walcott [1899, p. 449, PL LXII, fig. 2e] Acrotreta curvata.

Acrotreta gemma depressa Matthew [1902c, p. 109] Acrotreta depressa.

Walcott [1889c, pp*. 441-442] Do.

Acrotreta gemmula Matthew [1894, pp. 87-88] Acrotreta gemmula.
Matthew [1895a, p. 126] Do.

Matthew [1903, p. 97] Do.

Acrotreta gracia Walcott [1902, pp. 586-587] Acrotreta gracia.

Acrotreta? gulielmi Matthew [1886, pp. 37-39] Discinopsis gulielmi.

Acrotreta idahoensis Walcott [1902, p. 587] Acrotreta idahoensis.

Acrotreta cf . idahoensis Walcott [new] Acrotreta cf . idahoensis.

Acrotreta idahoensis alta Walcott [1902, p. 588] Acrcvtreta idahoensis alta.

Acrotreta idahoensis sulcata Walcott [1902, p. 588] Acrotreta idahoensis sulcata.

A crotreta inchoans Pompeckj [1896a
, p . 3] Acrotreta inchoaijs

.

Acrotreta inflata Walcott [1902, pp. 588-589] Acrotreta inflata.

Acrotreta kutorgai Walcott [1902, pp. 589-590] Acrotreta kutorgai (in part) and A. rudis

(in part).

Acrotreta liani Walcott [1905a, p. 300] Acrotreta lisani.

Acrotreta limoensis Wiman [1902, p. 54] Acrotreta uplandica limoensis.

Acrotreta marjumensis Walcott [1908d, pp. 94-95] Acrotreta marjumensis.

Acrotreta microscopica missouriensis Walcott [1902, p. 590] Acrotreta microscopica missouriensis.

Acrotreta microscopica tetonensis Walcott [1902, p. 590] Acrotreta microscopica tetonensis.

Acrotreta minuta Walcott [1901, p. 673] Linnarssonella minuta.

Acrotreta miser Walcott [1902, pp. 590-591] .' Acrotreta misera.

Acrotreta neboensis Walcott [1905a, pp. 300-301] Acrotreta neboensis.

Acrotreta? nicholsoni Davidson [1868, pp. 313-314] Acrotreta nicholsoni.

Davidson [1871, pp. 343-344] Do.

Acrotreta nicholsoni Davidson [1883, p. 213] Do.

Hall and Clarke [1892c, p. 103] Do.

Swanston [1877, PL VII, figs. 21a-c] Do.

Swanston [1886, PL VII, figs. 21a-c] Do.

Acrotreta sp. cf . nicholsoni Matley [1902, p. 142] Acrotreta sabrinse.

Acrotreta nox Walcott [1905a, p. 301] Acrotreta nox.

Acrotreta oelandica Westergard [1909, p. 76] Acrotreta oelandica,

Acrotreta ophirensis Walcott [1902, pp. 591-592] Acrotreta ophirensis.

Acrotreta cf . ophirensis Walcott [new] Acrotreta cf . ophirensis.

Acrotreta ophirensis descendens Walcott [1908d, p. 95] Acrotreta ophirensis descendens.

Acrotreta ophirensis rugosus Walcott [1902, p. 592] Acrotreta ophirensis rugosa.

Acrotreta ovalis Walcott [1902, p. 592] Acrotreta ovalis.

Acrotreta pacifica Walcott [1905a, p . 301] Acrotreta pacifica.

Acrotreta papellata-prima Matthew [1902b, pp. 391-392] Acrothyra sera.

Acrotreta papillata Matthew [1902b, pp. 390-391] Do.

Matthew [1903, p. 9-5] Do.

Acrotreta papillata lata Matthew [1903, pp. 95-96]. .• Do.

Acrotreta papillata-prima Matthew [1903, pp. 73-74] Do.

Acrotreta papillata var. Matthew [1902b, p. 391] Do.

Acrotreta parvula Walcott [1902, p . 592] Acrotreta parvula.

Acrotreta primasea Walcott [1902, p. 593] Acrotreta primaeva.

Acrotreta proavia Matthew [1899b, p. 203] Acrothyra proavia.

Acrotreta pyxidicula Wliite [1874, p. 9] Acrotreta pyxidicula.

White [1877, pp. 53-.54] Do.

Acrotreta recm-va Kutorga [1848, pp. 277-278] Volborthia recurva.

Acrotreta rudis Walcott [1908d, pp. 95-96] Acrotreta rudis.

Acrotreta (?) sabrinee Matley [1902, p. 143] Acrotreta sabrinse.

Acrotreta (?) sabrinse malvernensis Matley [1902, pp. 143-144] Do.

(Acrotreta?) sagittalis [Obolella], Moberg and Segerberg [1906, p. 64] Acrotreta sagittalis.

Acrotreta cf. sagittalis Walcott [new] Acrotreta cf. sagittalis.

Acrotreta sagittalis magna Walcott [1902, pp. 595-596] Acrotreta sagittalis magna.
Acrotreta sagittalis taconica Walcott [1902, pp. 596-597] Acrotreta sagittalis taconica.

Acrotreta schmalenseei Walcott [1902, pp. 597-598] Acrotreta schmalenseei.

Acrotreta seebachi Moberg and Segerberg [1906, pp. 66-67] Acrotreta seebachi.

Walcott [1902, pp. 598-599] Do.

Acrotreta shrfhtungensis Walcott [1905a, pp. 301-302] : Acrotreta shantungensis.

Acrotreta signalis Walcott [1902, p. 599] Acrotreta s
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Acrotreta sipo Matthew [1902b, pp. 406-407] !Acrotreta bisecta.

Matthew [1903, pp. 1S5-1S6] Do.

Acrotreta socialis Gronwall [1902, p. 39] . Either Acrotreta schmalenseei or A. socialis.

(See p. 712.)

Linnarsson [1876, pp. 16-18] Acrotreta schmalenseei.

Linnarsso-n [1877, p. 374] Either Acrotreta schmalenseei or A. soci-

alis. (Seep. 712.)

von Seebach [1865, p. 341] Acrotreta socialis.

Walcott [1902, pp. 599-600] Do.

Wallerius [1895, p. 66] Acrotreta schmalenseei.

Acrotreta cf. socialis Brogger [1882, pp. 46^7, PI. X, figs. 2, 2a-b] Acrotreta carinata.

Brogger [1882, pp. 46-47, PI. X, figs. 3 and 4] Not referred in this monograph.

Matley [1902, pp. 144-145] Acrotreta sabrinee.

Matthew [1902b, pp. 392-394] Acrotreta sp. undt.

Matthew [1903, pp. 183-185] ' Do.

Acrotreta spinosa Walcott [1905a, p. 302] Acrotreta spinosa.

Acrotreta subconica Davidson [1853, PI. IX, figs. 271-275] Acrotreta subconica.

Kutorga [1848, p. 275] Do.

Meek [1873, p. 463] Acrotreta attenuata (in part), A. attenuata

var. (in part), and A. idahoensis (in part).

Quenstedt [1885, p. 755] Acrotreta subconica.

von Seebach [1865, p. 341] Do.

Walcott [1902, pp. 600-601] Do.

Acrotreta? subsidua White [1874, p. 6] .• Acrothele subeidua.

White [1S77, pp. 34-36] Do.

Acrotreta uWchi Walcott [1908d, pp. 96-97] Acrotreta ulrichi.

Acrotreta uplandensis Walcott [1905a, p. 302] Acrotreta uplandica.

Acrotreta uplandica Wiman [1902, p. 54] Do.

Acrotreta uplandica limonensis Walcott [1905a, p. 303] .Acrotreta uplandica limoensia.

Acrotreta sp. Morris [1849, PI. VII, figs. 4a-b] Acrotreta subconica.

Westergftrd [1909, pp. 57 and 77] Acrotreta sp. undt.

Acrotreta (Volborthia) Oehlert [1887, p. 1266] Volborthia.

acuminata [Glossina], Hall and Clarke [1892a, PI. I, figs. 10 and 11] Lingulella(Lingulepis) acuminata sequens.^

acuminata [Lingula], Billings [1863, p. 102] Lingulella (Lingulepis) acuminata.

Chapman [1863, p. 187] Do.

Chapman [1864, p. 159] Do.

Conrad [1839, p. 64] Do.

Emmons [1855, p. 203] Do.

Hall [1847, p. 9] Do.

acuminata [Lingula (Glossina)], Hall and Clarke [1892c, PI. I, figs.l and 2]. .Lingulella (Lingulepis) acuminata sequens.

acuminata [Lingulepis], Dwight [1886, p. 208] Lingulella (Lingulepis) acuminata.

Matthew [1895b, pp. 257-2.58] Do.

Schuchert [1897, p. 2.59] Do.

Walcott [1897a, p. 404] Do.

acuminata meeki [Lingulepis], Delgado [1904, pp. 366-367] Lingulella delgadoi.

acuminata sequens [Lingulella (Lingulepis)], Walcott [1908d, p. 72] Lingulella (Lingulepis) acuminata sequens.

acuminatus [Obolus (Lingulepis)], Walcott [1899, p. 443] Lingulella (Lingulepis) acuminata.

acuminatus [Obolus (Schmidtia)], Mickwitz [1896, pp. 179-183] Obolus (Schmidtia) acuminatus.

acuminatus alatus [Obolus (Schmidtia)], Mickwitz [1896, pp. 183-184] Do.

acuminatus humeratua [Obolus (Schmidtia)], Mickwitz [1896, pp. 184-186]. Do.

acuminatus meeki [Obolus (Lingulepis)], Walcott [1899, p. 444] Lingulella (Lingulepis) acuminata meeki.

acuminatus subtriangularis [Obolus (Schmidtia)], Mickwitz [1896, pp.
186-187] Obolus (Schmidtia) acuminatus.

acutangula [Lingula], Roemer [1849, p. 420] •. Lingulella acutangula.

Roemer [1852, p. 90] Do.

acutangulus [Lingulepis], Schuchert [1897, p. 259] Do.

acutangulus [Obolus (Lingulella)], Walcott [1898b, pp. 393 and 394, Pis.

XXVII and XXVIII] Do.

acutus [Obolus (Schmidtia) obtusus], Mickwitz [1896, pp. 172-173] Obolus (Schmidtia) obtusus.

advena [Obolus?], Barrande [1879b, PI. XCV, fig. iv] Obolus? advenus.

sequiputeis [Obolus], Matthew [1902c, p. 94] Obolus selwyni.

Matthew [1903, p. 139] Do.

affinis [Lingulella?], Billings [1872b, p. 468] Obolus (Lingulobolus) affinis.

Billings [1874, p. 67] , Do. ^ ^

affinis [Lingulella], Billings [1882, pp. 15-16] Do.
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affinis [Lingulepis], Walcott [1889a, p. 381] Obolus (Lingulobolue) aflBnia.

affinis [Lingulobolua], Grabau [1900, pp. 621-622] Do.

Matthew [1895b, pp. 261-262] Do.

affinis [Obolus (Lingulobolus)], Walcott [lS98a, p. 327] Do.

affinis cuneata [Lingulobolus], Matthew [1895b, p. 262] Do.

agnostorum [Lingula], Wallerius [1895, pp. 64-65] Lingulella agnostorum.

agreate [Orthis (Plectorthis)], Walcott, [1906, p. 570] Eoorthis agreate.

alabamaensis [Iphidea], Walcott [1897b, pp. 713-714] Micromitra alabamaensis.

alandensis [Obolus (Westonia)], Walcott [1905a, p. 334] Obolus (Westonia) aiandensis.

alata? [Kutorgina], Moberg [1892b, p. 113] Belongs with an undetermined genua.

alata [Syntrophia], Walcott [1905a, p. 290] Syntrophia alata.

alatus [Obolus (Schmidtia) acuminatus], Mickwitz [1896, pp. 183-184] Obolus (Schmidtia) acuminatus.

alberta [Billingsella], Schuchert [1897, p. 158] Nisusia alberta.

alberta [Nisusia], Walcott [1905a, pp. 248-249] Do.

Walcott [190Sc, p. 245] Do.

alberta [Orthisina], Matthew [1902c, p. 109] Do.

Walcott [1889c, p. 442] Do.

alta [Acrotreta idahoensis], Walcott [1902, p. 588] Acrotreta idahoensis alta.

ambigua [Billingsia?], Ford [1886a, p. 467] Elkania ambigua.

ambigua [Elkania], Ford [1886b, p. 325] Do.

Hall and Clarke [1892c, p. 78] Do.

ambigua [Obolella?], Walcott [1884b, pp. 67-68] Do.

amii [Nisusia (Jamesella)], Walcott [1905a, p. 252] Nisusia (Jamesella) amii.

ampla [Lingula], Hall [1863, p. 125] Lingulella ampla.

Hall [1867, pp. 101-102] Do.

Owen [1852, p. 583] Do.

ampla [Lingulella], Schuchert [1897, p. 257] Do.

amplua [Obolua (Lingulella)], Walcott [1898b, pp. 392 and 394, PI. XXVIII]. Do.

anceps [Obolus], Walcott [1898b, pp. 388-389] Obolus anceps.

ancilla [Lingula], Barrande [1879b, PI. CXI, fig. vi] Obolua ? ancillus.

angulatua [Obolus (Schmidtia) crassus], Mickwitz [1896, pp. 193-194] Obolus (Schmidtia) crassus.

anomala [BUlingsella?], Walcott [1905a, p. 230] Wimanella ? anomala.

Anomitea lenticularis Wahlenberg [1821, pp. 66-67] Orusia lenticularia.

antiqua [Lingula], Billings [1856, p. 34] Lingulella (Lingulepia) acuminata.
Emmons [1842, p. 268] Do.

Emmons [1863, p. 92] Do.

Hall [1847, pp. 3-4] Do.

Hall [1851, pp. 204-205] Do.

Hall [1862, fig. 2, p. 21] Do.

Hayden [1862, p. 73] Do.

James [1895, p. 884] Do.

Owen [1851, p. 170] Do.

Rogers [1861, p. 390] Obolus (Westonia) rogersi.

antiquata [Camarella?], Hall and Clarke [1893b, pp. 220-221] Swantonia antiquata.

antiquata [Camarella], Walcott [1886b, pp. 122-123] Do.

Walcott [1891a, p. 613] Do.

antiquata [Camerella], Billings [1861b, pp. 10-11] Do.

Billings [1861c, p. 949] Do.

Billings [1862e, p. 221] Do.

Billings [1863, fig. 290, p. 284] Do.

antiquata [Lingula], Emmons [1855, pp. 202-203] Lingulella (Lingulepis) acuminata.

antiquata [Protorhyncha?], Schuchert [1897, p. 334] Swantonia antiquata.

antiquata [Swantonia], Walcott [1905a, pp. 296-297] Do.

antiquissima [Acritis], Gagel [1890, p. 22] Obolua (Acritis) antiquissimus.

Hall and Clarke [1892c, p. 82] Do.

Volborth [1869, pp. 212-217] Do.

antiquissima [Aulonotreta], Hall and Clarke [1892a, figs. 246 and 247, p. 244] Do.

Hall and Clarke [1892b, figs. 246 and 247, p. 560] . Do.

antiqulasimus [Obolua], Eichwald [1859, PI. XXXVII, figs. 5a-d] Do.

Eichwald [1860, pp. 928-929] Do.

antiqulasimus [Obolus (Acritis)], Mickwitz [1896, pp. 206-213] Do.

antiquissimus [Obolus (Lucina)], Eichwald [1843b, pp. 142-144] Do.

antiquissimus ventroaus [Obolus (Acritis)], Mickwitz [1896, pp. 213-214]... Do.
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apollinis [Obolus], Billings [1872a, p. 21S] Obolus apolliuis.

Billings [1872c, p. 356] Do.

Davidson [18-53, figs. 51 and 52, p. 136, and PL IX, figs.

280-284] Do.

Davidson [1853, PL IX, fig. 285] Obolus (Acritis) antiquissimus.

Eichwald [1829, p. 274] Obolus apollinis.

Eichwald [1840, p. 167] Do.

Eichwald [1843b, p. 140] Do.

Eichwald [I860, pp. 925-926] Do.

Gagel [1890, pp. 21-22] Do.

Hall and Clarke [1892a, figs. 247 and 248, p. 242] Do.

Hall and Clarke [lS92b, figs. 247 and 248, p. 558] Do.

Hall and Clarke [1892c, p. 80] Do.

Kutorga [1848, pp. 251 and 252] Do.

Matthew [1892, pp. 43-44] Do.

Mickwitz [1896, pp. 133-137] Do.

Moberg and Segerberg [1906, p. 65] Do.

Morris [1849, p. 316] Do.

Noetling [1883, p. 265] Do.

Koemer [1876, PL II, figs. 7a-c] Do.

Roemer [1885, pp. 23-24 (270-271)] Do.

Schmidt [1801, p. 218] Do.

de Verneuil [1845, pp. 290-292] Obolus apollinis (in part), O. apollinis

ingricus (in part), Obolus (Acritis) anti-

quissimus (in part), and Obolus (Mick-

witzella) siluricus (in part).

Walcott [1898b, PL XXVI, figs. 3-6] Obolus apollinis.

Westergard [1909, p. 56] Do.

Zittel [1880, figs. 48Sa-c, p. 664] Do.

Zittel [1880, fig. 488d, p. 664] Obolus apollinis quenstedti.

apollinis [Ungulites], Quenstedt [1885, pp. 755 and 756] Obolus apollinis.

apollinis ingricus [Obolus], Mickwitz [1896, pp. 137-140] Obolus apollinis ingricus.

apollinis maximus [Obolus], Mickwitz [1896, pp. 140-143] Obolus apollinis maximus.

apollinis quenstedti [Obolus], Mickwitz [1896, pp. 143-145] Obolus apollinis quenstedti.

appalachia [Billingsella?], Walcott [1905a, p. 231] Billingsella? appalachia.

appalachia [Dicellomus], Walcott [1905a, p. 314] Dicellomus appalachia.

appolinus? [Obolus], Owen [1852, p. 501] Dicellomus politus.

argenta [Acrotreta], Walcott [1902, pp. 580-581] Acrotreta argenta.

argenta [Nisusia (Jamesella)], Walcott [1905a, p. 252] Nisusia (Jamesella) argenta.

argia [Syntrophia primordialis], Walcott [1905a, p. 293] Syntrophia primordialis argia.

argutus [Obolus (Lingulella)], Walcott [1898b, p. 396] Lingulella arguta.

artemis [Acrothele], Walcott [1908d, p. 82] Acrothele artemis.

asiatica [Obolella], Walcott [1905a, p. 297] Obolella asiatica.

aspera [Lingulella radula], Matthew [1903, pp. 204-205] Lingulella radula.

atava [Orthis (Plectorthis?)], Walcott [1905a, pp. 259-260] Eoorthis atava.

atava [Rafinesquina?], Schuchert [1897, p. 338] Do.

atava [Strophomena], Matthew [1893b, pp. 102-103] Do.

atava [Strophomena?], Moberg and Segerberg [1906, PL II, figs. 7, 7a-b] .. Do.

atavus [Leptobolus], Matthew [1899b, pp. 200-201] Lingulella atava.

Matthew [1903, pp. 106-109] Do.

atavus [Obolus (Lingulella)], Walcott [1902, pp. 609-610] Do.

atavus insulse [Leptobolus], Matthew [1903, pp. 110-112] Lingulella atava insUlse.

atavus tritavus [Leptobolus], Matthew [1903, p. 109] Lingulella torrentis.

atlantica [Obolella], Burr [1900, p. 47] Obolella atlantica.

Gorham [1905, PL I, figs. 2a-c] Do.

Grabau[1900, pp. 620-621] Do.

Grabauand Shimer [1907, p. 188] Do.

Matthew [1899d, p. 70] Do.

Walcott [1890b, p. 36] Do.

Walcott [1891a, p. 611] Do.

atlantica [Obolella cL], Delgado [1904, p. 364] Obolella? sp. undt. a.

Atrypa? lenticularis Dalman [1828, pp. 132-133] Orusia lenticularis.

Hisinger [1837, p. 76] Do.
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Atrypa lenticularis Kjerulf [1857, p. 92] Orusia lenticularis.

Kjerulf [1865, pp. 1 and 3] Do.

Kjerulf [1879, PI. XIII] Do.

atrypoidea [Orthis lenticularis], Matthew [1892, p. 48] Orusia lenticularis atrypoides.

Matthew [1903, p. 217] Do.

atrypoides [Orthis (Orusia) lenticularis], Walcott [1905a, p. 276] Do.

attenuata [Acrotreta], Meek [1873, p. 463] Acrotreta attenuata (in part), A. attenuata

var. (in part), and A. idahoensis (in part).

Walcott [1905a, p. 298] Acrotreta attenuata.

attenuata [Lingula], Bornemann [1891, pp. 437-438] Lingulella bornemanni.

attenuata var. [Acrotreta], Walcott [lS05a, p. 298] Acrotreta attenuata var.?

auga [Obolus (Lingulella)], Walcott [1898b, pp. 396-397] Lingulella auga.

Aulonotreta Dall [1877, p. 16] Obolus (Acritis).

Hall and Clarke [1892a, pp. 243-244] Obolus (in part) and O. (Acritis) (in part).

Hall and Clarke [1892b, pp. 559-560] Do.

Hall and Clarke [1892c, p. 82] Do.

Kutorga [1848, pp. 278-279] Obolus (in part), 0. (Acritis) (in part), and
O. (Mickwitzella) (in part).

Morris [1849, pp. 316-317] Obolus (Acritis).

Aulonotreta antiquissima Hall and Clarke [1892a, figs. 246 and 247, p. 244].. Obolus (Acritis) antiquissimus.

Hall and Clarke [1892b, figs. 246 and 247, p. 560]. . Do.

Aulonotreta polita Kutorga [1848, pp. 279-282] Obolus apollinis (in part), 0. apollinis

ingricus (in part), and O. (Mickwitzella)

siluricus (in part).

Aulonotreta sculpta Dall [1877, p. 16] Obolus (Acritis) antiquissimus.

Kutorga [1848, pp. 282-283] Do.

aurora [Lingula], Hall [1861, p. 24] Obolus (Westonia) aurora.

Hall [1862, p. 21] Do.

Hall [1863, pp. 126-127] : Do.

Hall [1867, pp. 103-104] Do.

Sardeson [1896, p. 95] Do.

aurora [Lingulella], Grabau and Shimer [1907, p. 193] Do.

Hall [1873, pp. 244-245] Do.

Hall and Clarke [1892c, PI. II, figs. 12 and 13] Do.

aurora [Obolus (Westonia)], Walcott [1901, p. 691] Do.

aurora var. [Lingula], Hall [1863, pp. 127-128] Obolus (Westonia) stoneanus.

Hall [1867, pp. 104-106] Do.

aurora var. [Lingulella], Hall [1873, pp. 244-245] Do.

avia [Acrothele], Matthew [1899b, pp. 202-203] Acrothele avia.

Matthew [1902b, pp. 396-398] Do.

Matthew [1903, pp. 55 and 98-99] Do.

avia-puteis [Acrothele], Matthew [1902b, p. 398] Acrothele avia puteis.

Matthew [1903, p. 100] Do.

Avicula? desquamata Hall [1847, p. 292] Obolella crassa.

B.

babel [Acrotreta], Barrande [1879b, PI. XCV, figs, vn: 1-2] Acrotreta babel.

baileyi [Acrotreta], Hall and Clarke [1892a, PI. Ill, figs. 28-30] Acrotreta baileyi.

Hall and Clarke [1892c, p. 102] Do.

Matthew [1886, pp. 36-37] Do.

Matthew [1902b, p. 395] Do.

Matthew [1903, p. 97] Do.

Walcott [1902, pp. 581-582] Do.

baileyi? [Acrotreta], Matthew [1892, p. 43] Acrotreta bisecta.

baltica [Obolus (Westonia)], Walcott [1905a, p. 334] Obolus (Westonia) balticus.

barabuensis [Leptsena], Whitfield [1878, p. 60] Syntrophia barabuensis.

Whitfield [1882, pp. 171-172 and 195] Do.

barabuensis [Orthis], A. Winchell [1864, p. 228] Do.

barabuensis [Syntrophia], Hall and Clarke [1893b, p. 216] Do.

Walcott [1905a, pp. 290-291] Do.

barbata [Acrothele], Moberg and Segerberg [1906, pp. 67-68] Acrothele ceratopygarum.

baiTandei [Botsfordia?], Walcott [1908d, pp. 77-78] Botsfordia? barrandei.
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bavarica [Lingula], Barrande [1868a, p. 100] Obolus? bavaricus.

Barrande [1868b, pp. 690-691] Do.

bavarica [Orthis], Barrande [1868a, p. 99] Eoorthis bavarica.

Barrande [1868b, p. 690] Do.

bella [Iphidea], Billings [1872b, pp. 477^78] Micromitra (Paterina) bella.

Billings [1874, p. 76] Do.

Billings [1882, p. 13] Do.

Clark and Mathews [1906, p. 252] Do.

Grabau and Shimer [1907, p. 201] Do.

Hall and Clarke [1892a, p. 249] Micromitra (Paterina) labradorica swanton-

ensis.

Hall and Clarke [1892c, p. 98, fig. 54] Micromitra (Paterina) bella. The text in-

cludes both M. (P.) bella and M. (P.)

labradorica swantonensis.

Hall and Clarke [1892c, p. 98, PL IV, figs. 8 and 9] Micromitra (Paterina) labradorica swanton-

ensis. The text includes both M. (P.)

labradorica swantonensis and M. (P.)

bella.

Oehlert [1887, p. 1270] Micromitra (Paterina) bella.

Walcott [1886b, p. 100] Do.

Walcott [1891a, p. 608] Do.

bella? [Iphidea], Grabau [1900, pp. 617-618] Do.

bellapunctata [Acrothele], Walcott [1908d, pp. 82-83] Acrothele bellapunctata.

bellatula [Acrotreta], Walcott [1908d, pp. 93-94] Acrotreta bellatula.

belli [Lingula], Billings [1859, pp. 431^32] Obolus beUi.

• Billings [1863, figs. 47a-b, p. 124] Do.

bellula [Acrothele], Walcott [1897b, pp. 716-717] Acrothele beUula.

bellula [Elkania], Walcott [1905a, p. 323] Obolus (Pordinia) bellulus.

bellulus [Obolus (Lingulella)], Matthew [1903, p. 205] Lingulella bellula.

Walcott [1898b, p. 398] Do.

bellus [Obolus (Lingulella)], Matthew [1903, p. 204] Lingulella bella.

Walcott [1898b, pp. 397-398] Do.

Walcott [1901, pp. 685-687] Lingulella bella (in part), L. concinna (in

part), and L. lens (in part).

belti [Linnarssonia], Matley [1902, p. 145] Acrotreta belti.

belti? [Linnarssonia], Matthew [1892, pp. 42-43] (?) This species is not specifically referred

in this monograph; it does not belong

with Acrotreta belti.

belti [Linnarssonia cf.], Matthew [1903, pp. 209-210] Do.

belti [Obolella], Davidson [1868, pp. 310-311] Acrotreta belti.

Davidson [1871, pp. 340-341] Do.

belti [Obolella sagittalis], Davidson [1871, desc. of PI. L, figs. 15-17] Do.

belti magna [Linnarssonia], Matthew [1897b, pp. 169-170] Acrotreta sagittalis magna.

bergeroni [Acrothele], Walcott [1908d, pp. 83-84] Acrothele bergeroni.

bicensis [Obolus (Lingulella)], Walcott [1901, p. 688] Botsfordia cselata.

Bicia Walcott [1901, pp. 676-678] Bicia.

Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

Bicia gemma Walcott [1901, pp. 678-680] Bicia gemma.

Bicia whiteavesi Walcott [1901, p. 680] Bicia whiteavesi.

billingsana [Lingula], Matthew [1903, p. 205] Lingulella bellula.

billingsana [Lingulella?], Schuchert [1897, p. 256] Lingulella grandis (in part) and L. billings-

iana (in part).

Dillingsella Grabau and Shimor [1907, p. 210] Billingsella.

Halland Clarke [1892a, p. 273] Do.

Halland Clarke [1892b, p. 589] Do.

Hall and Clarke [1892c, pp. 230-231] Billingsella (in part) and Nisusia (in part).

Schuchert [1897. p. 158] ' Billingsella (in part), Protorthis (in part),

and Nisusia (in part).

Walcott [1905a, pp. 227-229] Billingsella (in part) and Wimanella /in

part).

Walcott []908e, PL XI, and pp. 142 and 148] Billingsella.

Billingsella alberta Schuchert [1807, p. 158] Nisusia alberta.

Billingsella? anomala Walcott [1905a. p. 230] Wimanella ? anomala.
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Billingsella? appalachia Walcott [1905a, p. 231] Billingsella? appalachia.

Billingsella billingsi Schuchert [1897, p. 158] Protorthis billingsi.

(Billingsella) billingsi [Protorthis], Grabau and Shimer [1907, p. 211] Do.

Billingsella bivia Walcott [new] Billingsella bivia.

Billingsella circe Walcott [1901, p. 673] - Quebecia circe.

Billingsella coloradoensis Grabau and Shimer [1907, p. 210] Billingsella coloradoensis.

Schuchert [1897, p. 158] Do.

Walcott [1899, pp. 450-451] Do.

Walcott [1905a, pp. 231-234] Do.

Billingsella dice Walcott [1905a, p. 234] Billingsella dice.

Billingsella exporrecta Walcott [1905a, pp. 234-236] Billingsella exporrecta.

Billingsella exporrecta rugosicostata Walcott [1905a, p . 236] Billingsella exporrecta rugosicostata.

Billingsella festinata Hall and Clarke [1892c, p. 230] Nisusia festinata.

Billingsella hai'lanensis Walcott [1905a, p. 236] Wimanella harlanensis.

Billingsella hicksi Walcott [1905a, p. 237] Billingsella hicksi.

Billingsella highlandensis Walcott [1905a, pp. 237-238] Billingsella highlandensis.

Billingsella lindstromi Walcott [1905a, pp. 238-239] Billingsella lindstromi.

Billingsella major Walcott [1905a, p. 239] Billingsella major.

Walcott [1908d, p. 101] Do.

Billingsella marion Walcott [1908d, p. 102] Billingsella marion.

Billingsella obscura Walcott [1905a, p. 239] Billingsella obscura.

Billingsella orientalis Hall and Clarke [1892c, p. 230] Billingsella orientalis.

Walcott [1905a, pp. 239-240] Do.

Billingsella pepina Hall and Clarke [1892a, PL VIII, figs. 1 and 2] Billingsella coloradoensis.

Hall and Clarke [1892c, p. 230] Do.

(Billingsella) pepina [Orthis], Sardeson [1896, p. 96] Do.

Billingsella plicatella Walcott [1905a, pp. 240-241] Billingsella plicatella.

Billingsella pumpellyi Walcott [1905a, p. 242] Billingsella pumpellyi.

Billingsella quacoensis Schuchert [1897, p. 159] .Protorthis quacoensis.

Billingsella retroflexa Matthew [1903, pp. 148-151] Billingsella retroflexa.

Billingsella richthofeni Walcott [1905a, pp. 242-243] Billingsella richthofeni.

Billingsella romingeri Walcott [1905a, pp. 243-244] Billingsella romingeri.

Billingsella saffordi Walcott [1905a, p . 244] Wimanella saffordi

.

Billingsella salemensis Walcott [1905a, p. 245] Billingsella salemensis.

Billingsella striata Walcott [1905a, p. 245] Billingsella striata.

Billingsella whitfieldi Schuchert [1897, p. 159] Billingsella wMtfieldi.

Walcott [1905a, p. 246] Do.

Billingsella (Otusia) Walcott [1905a, p. 246] Otusia.

Billingsella (Otusia) sandbergi Walcott [1905a, pp. 246-247] Otusia sandbergi.

billingsi [Billingsella], Schuchert [1897, p. 158] Protorthis billingsi.

bilHngsi [Orthis], Hartt [1868, pp. 644-645] Do.

Hartt [1878, pp. 644-645] ' Do.

Hartt [1891, pp. 644-645] Do.

Matthew [1886, p. 43] Do.

Walcott [1884a, pp. 17-18] Do.

billingsi [Orthis (Protorthis)], Wysogorski [1900, p. 227] Do.

bilKngsi [Orthisina?], Matthew [1891, p. 131] Do.

billingsi [Protorthis], Hall and Clarke [1892a, p. 274] Do.

Hall and Clarke [1892c, pp. 219 and 232] Do.

Walcott [1905a, pp. 281-282] Do.

billingsi [Protorthis (Billingsella)], Grabau and Shimer [1907, p. 211] Do.

billingsi [Syntrophia], Walcott [1905a, pp. 291-292] Huenella billingsi.

BilUngsia Ford [1886a, pp. 466-467] Elkania.

de Koninck [1876] Does not equal Elkania.

Walcott [1886, pp. 5, 21, 60, and 62] A genus of the Gastropoda.

Billingsia? ambigua Ford [1886a, p. 467] Elkania ambigua.

Billingsia desiderata Ford [1886a, pp. 466 and 467] Elkania desiderata.

Billingsia? ida Ford [1886a, p. 467] Elkania ida.

Billingsia pretiosa Ford [1886a, p. 467] Acrothele pretiosa.

billingsiana [Lingula], Whiteaves [1878, p. 226] Lingulella billingsiana.

billingsiana [Lingula cf.], Matthew [1894, p. 93] Lingulella grandis.

bisecta [Acrotreta], Matthew [1901a, pp. 275-276] Acrotreta bisecta.

Matthew [1902b, p. 394] Do.

Matthew [1903, pp. 186-187] Do.
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bisecta [Acrotreta], Walcott [1902, p . 582] Acrotreta bisecta.

Walcott [1905a, pp. 298-299] Do.

bivia [Billingsella], Walcott [new] Billingsella bivia.

blackwelderi [Obolus (Westonia)], Walcott [1905a, p. 335] Obolus (Westonia) blackwelderi.

bohemica [Acrothele], Hall and Clarke [1892c, p. 101] Acrothele bohemica.

Pompeck] [1896b, pp. 509-511] Do.

Walcott [1886b, p. 107] Do.

bobemicus [Obolus?], Barrande [1879b, PL CII, figs, vii: 1-3] Do.

borgbolmensis [Acrothele], Walcott [190Sd, pp. 84-85] Acrothele borgholmensis.

bornemanni [Obolus (Lingulella)], Walcott [1901, pp. 687-688] Lingulella bornemanni.

Botsfordia Walcott [1908e, PL XI, and pp. 142 and 145] Botsfordia.

(Botsfordia) [Obolus], Matthew [1891, p. 148] Do.

Matthew [1892, p. 63] Do.

Botsfordia? barrandei Walcott [1908d, pp. 77-78] Botsfordia? barrandei.

(Botsfordia) pulcher [Obolus], Matthew [1891, p. 148] Botsfordia pulchra.

Matthew [1892, pp. 62-63] Do.

Matthew [1902c, p. 95] Do.

(Botsfordia) pulchra [Obolus], Matthew [1894, pp. 90-91] Do.

Matthew [1895a, pp. 115-121] Do.

bottnica [Lingula], Wiman [1902, p. 51] Obolus (Westonia) bottnicus.

bottnica [Obolus (Westonia)], Walcott [1905a, pp. 335-336] Do.

Brachiopode nouv. gen. de Verneuil and Barrande [1860, pp. 536-537] Botsfordia? barrandei.

bretonensis [Obolus], Matthew [1902c, p. 95] Obolus (Palseobolus) bretonensis.

bretonensis [Palasobolus], Matthew [1899c, p. 202] Do.

Matthew [1903, pp. 141-143] Do.

broadheadi [Linnarssonella], Walcott [1902, p. 601] Linnarssonella girtyi.

(Broggeria) [Obolus], Walcott [1902, p. 605] Obolus (Broggeria).

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

(Broggeria) salteri [Obolus], Moberg and Segerberg [1906, p. 64] Obolus (Broggeria) salteri.

Walcott [1902, pp. 605-606] Do.

(Broggeria) salteri var.? [Obolus], Westerg&rd [1909, p. 56] Do.

bryograptorum [Lingula?], Moberg and Segerberg [1906, p. 63] Lingulella lepis.

Westergard [1909, p. 57] Do.

buchi [Keyserlingia], Hall and Clarke [1892c, p. 118] Keyserlingia buchi.

Pander [1861, columns 46^8] Do.

buchi [Orbicella], Hall and Clarke [1892a, p. 254] Do.

d'Orbigny [1850, p. 20] Keyserlingia buchi (in part).

buchi [Orbicula], de Verneuil [1845, pp. 288-289] Keyserlingia buchi.

buchii [Discina], Eichwald [1860, p. 914] Helmersenia ladogensis (in part) and Key-
serlingia buchi (in part),

buttsi [Lingulella], Walcott [1908d, pp. 70-71] Lingulella buttsi.

C.

cselata [Lingulella], Ford [1878, pp. 127-128] Botsfordia caslata.

Hall and Clarke [1892a, PL III, figs. 1-4] Do.

Hall and Clarke [1892c, pp. 57 and 58] Do.

Walcott [1886b, p. 95] Do.

Walcott [1887, p. 199, PL I, fig. 16] '. Do.

Walcott [1891a, p. 607] Do.

CEelata [Obolella], Billings [1872a, p. 218] Do.

cselata [Obolella (Orbicula)], Ford [1871, p. 33] Do.

cselata [Orbicula], Hall [1847, p. 290] Do.

calceoloides [Obolella wirrialpensis], Etheridge [1905, p. 249] Obolella wirrialpensis.

calcifera [Camarella], Billings [1863, figs. 247a-c, p. 231] Syntrophia calcifera.

calcifera [Camerella], Billings [1861a, pp. 318-320] Do.

Billings [1865a, p. 220] Do.

Meek [1873, p. 464] Huenella abnormis.

calcifera [Syntrophia], Grabau and Shimer [1907, p. 271] Syntrophia nundina.

calcifera [Syntrophia?], Hall and Clarke [1893b, p. 218] Syntrophia calcifera.

calcifera [Triplecia?], Hall and Clarke [1892c, p. 270] Do.

calcifera [Triplesia], Walcott [1884b, pp. 75-76] Syntrophia nundina.

Camarella? antiquata Hall and Clarke [1893b, pp. 220-221] Swantonia antiquata.

Camarella antiquata Walcott [1886b, pp. 122-123] Do.

Walcott [1891a, p. 613] Do.
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Camarella calcifera Billings [1863, figs. 247a-c, p. 231] Syntrophia calcifera.

Camarella minor Hall and Clarke [1893b, p. 221] Obolella minor.

Camarella? minor Walcott [1891a, p. 614] Do.

Cambria [Schuchertina], Walcott [1905a, pp. 323-324] Schuchertina cambria.

Cambria [Syntrophia], Walcott [1908d, pp. 106-107] Syntrophia cambria.

Camarella antiquata Billings [1861b, pp. 10-11] Swantonia antiquata.

Billings [1861c, p. 949] . Do.

Billings [1862e, p. 221]
' Do.

Billings [1863, fig. 290, p. 284] Do.

Camerella calcifera Billings [1861a, pp. 318-320] Syntrophia calcifera.

Billings [1865a, p. 220] Do.

Meek [1873, p. 464] Huenella abnormis.

Camerella minor Walcott [lS90b, pp. 36-37] Obolella minor.

Camerella sp.? Shumard [1861, p. 221] Huenella texana.

campbelli [Syntrophia], Walcott [1908d, pp. 107-108] Syntrophia campbelli.

cancellata [Acrotreta?], Walcott [1905a, p. 299] Acrotreta?? cancellata.

canius [Obolus (Lingulella)], Walcott [1902, pp. 610-611] Lingulella cania.

carinata [Acrotreta], Moberg and Segerberg [1906, p. 66] Acrotreta carinata.

Causea Wiman [1902, pp. 53-54] Mickwitzia.

Causea formosa Wiman [1902, pp. 53-54] Mickwitzia )

cedens [Lingula], Barrande [1868a, p. 102] Lingulella cedens.

Barrande [1868b, pp. 691-692] • Do.

celata [Schmidtia], Hall and Clarke [1892a, p. 244] Obolus (Schmidtia) celatus.

Hall and Clarke [1892b, p. 560] Do.

Hall and Clarke [1892c, p. 83] Do.

Volborth [1869, pp. 209-212] Do.

celatus [Obolus (Lingulella)], Walcott [1898b, PL XXVI, figs. 1 and 2] Do.

celatus [Obolus (Schmidtia)], Mickwitz [1896, pp. 159-163] Do
celatus orbiculatus [Obolus], Moberg and Segerberg [1906, p. 65] Do

Westergard [1909, p. 56] Do.

Wiman [1902, p. 62] Do.

celatus orbiculatus [Obolus (Schmidtia)], Mickwitz [1896, pp. 163-165] Do.

celatus prsecisus [Obolus (Schmidtia)], Mickwitz [1896, pp. 166-167] Do.

ceratopygarum [Acrothele], Moberg and Segerberg [1906, p. 67] Acrothele ceratopygarum.

ceratopygarum [Discina (Acrotreta?)], Brogger [1882, p. 47] Do.

ceratopygonum [Acrotliele], Walcott [1902, p. 598] Do.

chinensis [Obolus (Lingulella)], Walcott [1905a, pp. 328-329] Obolus chinensis.

christianise [Orthis], Brogger [1882, p. 48] Boorthis christianise (inpart) and E. daunus

(in part).

Gagel [1890, pp. 10 and 34] Eoorthis daunus.

Kjerulf [1865, pp. 1 and 3] Eoorthis christianise.

Pompeck] [1902, p. 7] Eoorthis daunus.

Remel6 [1881, p. 69] Do.

Remele [1885, p. 6] Do.

Roemer [1885, pp. 36, 37, and 38] Do.

christianise [Orthis (Plectorthis)], Moberg and Segerberg [1906, p. 69] Eoorthis christiania (in part only). The
reference includes also E. daunus and E.

tullbergi.

Walcott [1905a, pp. 260-261] Eoorthis christianise.

chromatica [Obolella], Billings [1861b, pp. 7-8] Obolella chromatica.

Billings [1861c, p. 947] Do.

Billings [1862e, p. 219] Do.

Billings [1863, p. 284] Do.

Billings [1876, pp. 176-178] Do.

Ford [1881, p. 133] Do.

Hall [1863, p. 132] Do.

Hall [1867, p. 110] Do.

Hall and Clarke [1892c, p. 67] '.. Do.

von Toll [1899, p. 27] (?) (See p. 592.)

Walcott [1885a, pp. 115 and 117] Obolella crassa.

Walcott [1886b, p. 112] Obolella chromatica.

Walcott [1891a, p. 611] Do.

Walcott [1899, p. 446] Do.

Walcott [1905a, p. 313] Do.
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chuarensis [Obolus (Lingulella)], Walcott [1898b, p. 399] Obolus (Westonia) chuarensis.

chuarensis [Obolus (Westonia)], Walcott [1901, p. 691] Do.

cingulata [Kutorgina], Beecher [1891, pp. 345-346] Kutorgina cingulata.

Bornemann [1891, p. 440] Kutorgina sardiniaensis.

Davidson [1868, p. 312] Micromitra (Paterina) phillipsi.

Davidson [1871, pp. 342-343] Do.

Davidson [1883, p. 212] Do.

Freeh [1897, PI. lA, figs. 6a-b] Kutorgina cingulata.

Grabau and Shimer [1907, p. 209] Do.

Hall and Clarke [1892a, PL IV, figs. 11-13] Do.

Hall and Clarke [1892c, p. 92] Do.

von Toll [1899, pp. 26-27] Do.

Walcott [1886b, pp. 102-104] Micromitra pusilla (in part), Micromitra

(Paterina) phillipsi (in part), and Kutor-

gina cingulata (in part).

Walcott [1886b, pp. 102-104, PI. IX, figs. 1-f] Kutorgina cingulata.

Walcott [1886b, p. 103, PL IX, figs. Ig-h] Rustella edsoni.

Walcott [1891a, p. 609, PL LXIX, figs. 1, la-f] Kutorgina cingulata.

Walcott [1891a, p. 609, PL LXIX, figs. Ig-h] Rustella edsoni.

Walcott [1905a, pp. 308-309] Kutorgina cingulata.

cingulata [Obolella], Billings [1863, p. 284, figs. 287a-b] Do.

Billings [1863, p. 284, fig. 287c] Rustella edsoni.

cingulata [Obolella (Kutorgina)], Billings [1861b, pp. 8-9, figs. 8 and 10]. .Kutorgina cingulata.

Billings [1861b, p. 8, fig. 9] Rustella edsoni.

Billings [1861c, p. 948, figs. 347 and 349].. Kutorgina cingulata.

Billings [1861c, p. 948, fig. 348] Rustella edsoni.

Billings [1862e, p. 220, figs. 347 and 349].. Kutorgina cingulata.

Billings [1862e, p. 220, fig. 348] Rustella edsoni.

cingulata phillipsi [Kutorgina], Matley [1902, pp. 145-147] Micromitra (Paterina) phillipsi.

cingulata pusilla [Kutorgina], Gronwall [1902, pp. 40^1] Micromitra pusilla.

Linnarsson [1876, p. 25] Do.

Matley [1902, pp. 146-147] Do.

circe [Billingsella], Walcott [1901, p. 673] Quebecia circe.

circe [Obolella], Billings [1872a, pp. 219-220] Do.

Billings [1872c, pp. 357-358] Do.

Walcott [1886b, p. 118, PL X, fig. 3] Obolella chromatica. The text includes

Quebecia circe.

Walcott [1886b, p. 118, PL X, fig. 3a] Quebecia circe.

Walcott [1891a, p. 611, PL LXXI, fig. 3] Obolella chromatica. The text includes

Quebecia circe.

Walcott [1891a, p. 611, PI. LXXI, fig. 3a] Quebecia circe.

circe? [Obolella], Walcott [1891a, fig. 62, p. 611] Obolella crassa.

circe [Quebecia], Walcott [1905a, pp. 320-321] Quebecia circe.

circularis [Acrotreta], Moberg and Segerberg [1906, pp. 65-66] Acrotreta circularis.

clarkei [Lingulella], Walcott [new] Lingulella clarkei.

Clarkella Walcott [1908d, pp. 110-111] Clarkella.

Walcott [1908e, PL XI, and pp. 142 and 148] Do.

clarki [Dearbornia], Walcott [1908d, pp. 78-80] Dearbornia clarki.

claytoni [Acrotreta], Walcott [1902, p. 583] Acrotreta claytoni.

Clitambonites planus retroflexus Schuchert [1897, p. 184] Billingsella retrofiexa.

Clitambonites (Gonambonites) plana retrofiexa Matthew [1895b, p. 267]. . . Do.

coelata [Lingulella?], Matthew [1895a, p. 126] Botsfordia caelata.

colleni [Acrothele], Walcott [new] Acrothele coUeni.

collicia [Leptobolus?], Matthew [lS99b, p. 200] Lingulella collicia.

collicia [Leptobolus], Matthew [1903, pp. 112-113] Do.

collicia [Obolus (Lingulella)], Walcott [1902, p. 610] Do.

collicia collis [Leptobolus], Matthew [1903, pp. 114-115] Do.

collis [Leptobolus collicia], Matthew [1903, pp. 114-115] Do.

coloradoensis [Billingsella], Grabau and Shimer [1907, p. 210] Billingsella coloradoensis.

Schuchert [1897, p. 158] Do.

Walcott [1899, pp. 450^51] Do.

Walcott [1905a, pp. 231-234] Do.
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coloradoensis [Orthis], Meek [1870, p. 425] Eoorthis desmopleuia.

Shumard [1860, p. 627] Billingsella coloradoensis.

Columbiana [Crania?], von Huene [1899a, p. 141]
'- Philhedra columbiana.

Columbiana [Crania], Matthew [1902c, pp. 108-109] Do.

columbiana [Crania?], Walcott [1889c, p. 441] Do.

columbiana [Philhedra?], von Huene [1899b, pp. 216 and 298] Do.

columbiana [Philhedra], Walcott [1908c, PI. I, figs. 5 and 5a] -.. Do.

complexus [Obolella??], Hall and Clarke [1892c, p. 73] Obolus complexus.

complexus [Obelus?], Barrande [1879b, Pis. XCV, CXI, CXIII, and CLII] . Do.

complexus [Schmidtia??], Mickwitz [1896, pp. 19-20] Do.

compta [Orthisina], Tate [1892, p. 185] Nisusia compta.

concentrica [Acrotreta], Walcott [1902, p. 583] Acrotreta concentrica.

concinna [Lingulella], Matthew [1901a, pp. 273-274] Lingulella concinna.

Matthew [1903, pp. 203-204] Do.

concinnus [Obolus (Lingulella)], Walcott [1902, pp. 608-609] Do.

contraria [Discina], Barrande [1868a, p. 104] Orbiculoidea contraria.

Barrande [1868b, pp. 692-693] Do.

Pompeckj [lS96a, p. 4] Do.

conula [Acrotreta], Walcott [1902, p. 584] Acrotreta coniila.

convexa [Acrotreta], Walcott [1902, p. 584] Acrotreta convexa.

convexa [Ungula], Pander [1830, pp . 59 and 163] Obolus apollinis quenstedti.

convexa [Ungula plana or]. Pander [1830, p. 163] Obolus apollinis.

convexus [Obolus (Lingulella) winona], Walcott [1901, p. 691] Lingulella winona convexa.

coriace [Acrothele], Brogger [1878, p. 76] Acrothele coriacea.

coriacea [Acrothele], Gronwall [1902, p. 40] Do.

Linnarsson [1876, pp. 21-23] Do.

corrugata [Lingula?], Moberg and Segerberg [1906, p. 63] Lingulella lepis.

Westerg^rd [1909, p. 57] Do.

corrugata [Orthis (Finkelnburgia) osceola], Walcott [1905a, p. 280] Finkelnburgia osceola corrugata.

costata [Acrothele matthewi], Matthew [1895a, p. 128] Acrothele prima costata.

Matthew [1902b, p. 399] Do.

Matthew [1903, p. 104] Do.

Crania Eichwald [1829, p. 273] Siphonotreta (in part).

Crania? columbiana von Huene [1899a, p. 141] Philhedra columbiana.

Crania columbiana Matthew [1902c, pp. 108-109] Do.

Crania? columbiana Walcott [1889c, p. 441] Do.

Crania sulcata Eichwald [1829, p. 274] Siphonotreta unguiculata.

Crania unguiculata Eichwald [1829, p. 274] Do.

Craniella?? sp. Walcott [1905b, pp. 4 and 6] Discinopsis? sulcatus.

crassa [Acrothyra proavia], Matthew [1902b, pp. 389-390] Acrothyra proavia.

Matthew [1903, p. 94] Do.

crassa [Dicellomus], Hall [1873, p. 246] Obolella crassa.

crassa [Obolella], Billings [1872a, p. 218] Do.

Billings [1872c, p. 356] Do.

Bornemann [1891, pp. 439^40] Obolus? zoppi.

Ford [1878, p. 128] Obolella crassa.

Ford [1881, pp. 131-133] Do.

Ford [1886a, fig. 2, p. 466] Do.

Gorham [1905, PL I, figs, la-f] Obolella atlantica.

Grabauand Shimer [1907, pp. 188-189] Obolella crassa.

Hall and Clarke [1892a, PL III, figs. 5-7] Do.

Hall and Clarke [1892c, p. 70] Do.

Shaler and Foerste [1888, p. 27] Obolella atlantica.

Walcott [1885b, p. 21] Obolella crassa.

Walcott [lS86b, p. 114] Do.

Walcott [lS91a, p. 612] Do.

Walcott [1905a, p. 321] Do.

crassa? [Obolella], Grabau [1900, pp. 619-620] Do.

crassa [Obolella (Orbicula?)], Ford [1871, p. 33] Do.

crassa [Orbicula?], Hall [1847, p. 290] Do.

crassa elongata [Obolella], Walcott [new] Obolella crassa elongata.

crassus [Obolus (Schmidtia)], Mickwitz [1896, pp. 187-193] Obolus (Schmidtia) crassus.

crassus angulatus [Obolus (Schmidtia)], Mickwitz [1896, pp. 193-194] Do.
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crenistria [Iphidea], Walcott [1897b, p. 713] Micromitra (Paterina) crenistria.

cuneata [Lingulella?], Matthew [1894, pp. 92-93] Lingulella grandis.

cuneata [Lingulobolus affinis], Matthew [1895b, p. 262] Obolua (Lingulobolus) affinis.

cuneolus [Lingulepis], Schuchert [1897, p. 259] Lingulella perattenuata (in part).

'Whitfield [1877, pp. 8-9] Lingulella cuneola.

Whitfield [1880, p. 336] Do.

cuneolus [Obolus (Lingulella)], Walcott [1899, p. 443] Do.

Curticia Walcott [1905a, p. 319] Curticia.

Walcott [1908e, PL XI and pp. 142 and 143] Do.

Curticia elegantula Walcott [1905a, pp. 319-320] Curticia elegantula.

cm-vata [Acrotreta], Walcott [1902, p. 584] Acrotreta curvata.

cyane [Glossina], Schuchert [1897, p. 224] Obolus cyane.

cyane [Lingula], Billings [1865a, p. 216] Do.

D.

dakotensis [Lingula], Meek and Hayden [1865, p. 3] Lingulella (Lingulepis) acuminata.

Whitfield [1880, pp. 337-338] Do.

Dalmanella melita Schuchert [1897, p. 202] Variety of Eoorthis desmopleura.

damesi [Obolus (Lingulella)], Walcott [1905a, p. 329] Obolus damesi. (See Lingulella damesi,

p. 489.)

dartoni [Obolus (Westonia)], Walcott [1908d, p. 67] Obolus (Westonia) dartoni.

daunus [Orthis (Plectorthis)], Moberg and Segerberg [1906, p. 69] '. . . Eoorthis daunus.

Walcott [1905a, p. 261] Do.

Davidsonella Munier-Chalmas [1880] Davidsonella, not Neobolus.

Waagen [1885a, pp. 762-764] Neobolus.

Davidsonella linguloides Waagen [1885a, pp. 764^766] Neobolus warthi.

Davidsonella squama Waagen [1885a, pp. 766-767] Do.

davidsoni [Lingula], Barrande [1879b, PL CIV, figs, viii: 1^] Lingulella davidsoni.

davisi [Lingula], McCoy [1851b, pp. 405^06] Lingulella davisi.

McCoy [1854, p. 252] Do.

davisi [Lingula cf.], Schmidt [1881, p. 17, fig. 5] Obolus (Mickwitzella) siluricus.

davisi [Lingulella], Davidson [1868, pp. 304 and 306] Lingulella davisi.

Hall and Clarke [1892a, p. 232] Do.

Hall and Clarke [1892b, p. 548] Do.

Hall and Clarke [1892c, pp. 56 and 57] Do.

Meek [1871, pp. 186-187] Do.

Salter [1866b, pp. 333-334] Do.

davisii [Lingulella], Davidson [1866, pp. 56 and 57] Do.

Hall [1873, PL XIII, fig. 4] Do.

Roemer [1876, PI. II, figs. 5a-c] Do.

Salter [1867, pp. 44 and 52] Do.

Salter and Etheridge [1881, pp. 537-538] Do.

davisii [Lingulella cf .], Kayser [1897, p. 280] Do.

Matthew [1902b, pp. 407-408] Do.

Matthew [1903, p. 203] Do.

davisii [Obolus (Lingulella)], Walcott [1898b, pp. 394 and 395] Do.

dawsoni [Lingula?], Matthew MS. [1884] Lingulella ferruginea.

Walcott [1884a, p. 15] Do.

dawsoni [Lingulella], Hall and Clarke [1892c, p. 58] , Do.

Matthew [1886, pp. 33-34, PL V, figs. 9, 9a-c] Lingulella martinensis. The text includes

L. ferruginea.

Matthew [1886, pp. 33-34, PI. V, fig. 9d] Lingulella ferruginea. The text includes

L. martinensis.

Dearbornia Walcott [1908d, p. 78] Dearbornia.

Walcott [1908e, PL XI, and pp. 142 and 146] Do.

Dearbornia clarki Walcott [1908d, pp. 78-80] Dearbornia clarki.

decipiens [Acrothele], Walcott [1897b, p. 716] Acrothele decipiens.

decipiens [Obolus mcconnelli], Walcott [new] Obolus mcconnelli decipiens,

definita [Acrotreta], Walcott [1902, pp. 584-585] Acrotreta definita.

Delgadella Walcott [1908e, PL XI, and pp. 142 and 144] Delgadella.

delgadoi [Lingulella], Walcott [new] Lingulella delgadoi.

depressa [Acrotreta], Walcott [1908c, p. 245] Acrotretaj

depressa [Acrotreta gemma], Matthew [1902c, p. 109] Do.

Walcott [1889c, pp. 441^42] Do.
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descendens [Acrotreta ophirensis], Walcott [1908d, p. 95]. Acrotreta optirensis descendens.

desiderata [Billingsia], Ford [1886a, pp. 466 and 467] Elkania desiderata.

desiderata [Elkania], Ford [1886b, p. 325] Do.

Hall and Clarke [1892a, PI. Ill, figs. 13 and 14] Do.

Hall and Clarke [1892c, pp. 76 and 77] Do.

desiderata [Obolella], Billings [1862d, pp. 69-70] Do.

Davidson [1868, p. 309] Do.

desiderata [Obolella?], Walcott [1886b, p. Ill] Do.

desideratus [Obolus (Lingulella)], Walcott [1898b, pp. 399-400] Lingulella desiderata.

Walcott [1899, pp. 445-446, PI. LX,
fig. 2] Do.

Walcott [1899, pp. 445^46, PL LX,
fig. 2a] Obolus rotundatus.

desmopleura [Orthis], Meek [1S72, p. 295] Eoorthis desmopleura.

desmopleura [Orthis (Plectorthis)], Walcott [1905a, p. 261] Do.

desmopleura nympha [Orthis (Plectorthis)], Walcott [1905a, p. 262] Eoorthis desmopleura nympha.
desquamata [Avicula?], Hall [1847, p. 292] Obolella crassa.

desquamata [Obolella], Billings [1872a, p. 218] Do.

Billings [1872c, p. 356] Do.

diablo [Orthis (Plectorthis)], Walcott [1905a, p. 262] Eoorthis? diablo.

dice [Billingsella], Walcott [1905a, p. 234] Billingsella dice.

Dicellomus Grabau and Shimer [1907, p. 189] Dicellomus.

Hall [1873, p. 246] Do.

Hall and Clarke [1892a, pp. 240-241] Do.

Hall and Clarke [1892c, pp. 66-73] Do.

Walcott [1899, p. 446] Do.

Walcott [1905a, pp. 312-313] Do.

Wal ;ott [1908e, PI. XI, and pp. 142 and 144] Do.

Dicellomus appalachia Walcott [1905a, p. 314] Dicellomus appalachia.

Dicellomus crassa Hall [1873, p. 246] Obolella crassa.

Dicellomus nanus Walcott [1899, p. 447] Lingulella desiderata (in part) and Dicello-

mus nanus (in part).

Walcott [1905a, pp. 314-315] Dicellomus nanus.

Dicellomus parvus Walcott [1905a, pp. 315-316] Dicellomus parvus.

Dicellomus pectenoides Walcott [1901, p. 673] Dicellomus pectenoides.

Walcott [1905a, p. 316] Do.

Dicellomus polita Hall [1873, p. 246] Dicellomus politus.

Dicellomus politus Grabau and Shimer [1907, pp. 189-190] Do.

Walcott [1899, pp. 443 and 446] Do.

Walcott [1905a, pp. 313 and 316-818] Do.

Dicellomus prolificus Walcott [1908d, p. 77] Dicellomus prolificus.

Dicellomus sp. undt. Walcott [1905a, p. ,,319] Dicellomus sp. undt.

dichotoma [Acrothele?], Walcott [1884b, pp. 14-15] Acrothele dichotoma.

dichotoma [Acrotreta], Hall and Clarke [1892c, pp. 100 and 103] Do.

Walcott [1886b, p. 107] Do.

Discina buchii Eichwald [1860, p. 914] Helmersenia ladogensis (in part) and Key-
serlingia buchi (in part).

Discina contraria Barrande [1868a, p. 104] Orbiculoidea contraria.

Barrande [1868b, pp. 692-693] Do.

Pompeckj [1896a, p. 4] Do.

Discina labiosa Salter [1866a, p. 285] Acrotreta sagittalia.

Discina microscopica Shumard [1861, p. 221] Acrotreta microscopica.

Discina pileolus Davidson [1868, pp. 312-313] Orbiculoidea pileolus.

Davidson [1871, p. 344] Do.

(Hicks MS.) Salter [1866a, p. 285] Do.

Discina pileolus? Hicks [1871, PI. XY, figs. 12 and 12a] Stenotheca pileolus, a gastropod.

Discina varians Barrande [1868a, pp. 103-104] Orbiculoidea varians.

Barrande [1868b, p. 692] Do.

Pompeckj [1896a, p. 4] Do.

Discina sp. Miquel [1893, p. 9] Acrothele bergeroni.

Miquel [1894a, p. 106] Do.

Miquel [1894b, p. 10] Do.

Miquel [1895, p. 10] Do.
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Discina?sp. Kjerulf [1873, p. 83, figs. 12 and 13] Obolella (Glyptias) favosa?.

Discina (Acrotreta?) ceratopygarum Brogger [1882, p. 47] Acrothels ceratopygarum.

Discina (Orbicula) primseva de Vemeuil and Barrande [1860, p. 532] Acrothele primaeva.

Discinolepis Hall and Clarke [1892a, p. 247] Discinolepis.

Hall and Clarke [1892b, p. 563] Do.

Hall and Clarke [1892c, p. 90] Do.

Waagen [1885a, pp. 749-750] Do.

Walcott [1908e, PI. XI, and pp. 142 and 146]. . . Do.

Discinolepis granulata Hall and Clarke [1892a, p. 247] Discinolepis granulata.

Hall and Clarke [1892b, p. 563] Do.

Hall and Clarke [1892c, p. 90] Do.

Waagen [1885a, pp. 750-751] Do.

Waagen [1891, PL II, figs. 15 and 16] Do.

Discinopsis Hall and Clarke [1892a, pp. 250-251] Discinopsis.

Halland Clarke [1892b, pp. 566-567] Do.

Hall and Clarke [1892c, pp. 105-106] Do.

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Discinopsis gulielmi Hall and Clarke [1892a, PI. Ill, figs. 20 and 21] Discinopsis gulielmi.

Hall and Clarke [1892c, p. 105] Do.

Discinopsis sulcatus Walcott [1906, pp. 568-569] Discinopsis? sulcatus.

discoida [Obolella], Hall and Whitfield [1877, p. 205] Obolus discoideus.

discoidea [Obolella?], Hall and Clarke [1892c, p. 69] Do.

discoidea [Obolella], Walcott [1884b, p. 14] Do.

discoidea [Obolella?], Walcott [1886b, p. Ill] Do.

discoideus [Obolus (Lingulella)], Walcott [1901, p. 673] Do.

discus [Obolus], Matthew [1902c, p. 94] Lingulella triparilis.

discus [Obolus (Eoobolus)], Matthew [1903, pp. 138-139] Do.

dolata [Lingula], Sardeson [1896, p. 95] Obolus dolatus.

doris [Orthis (Plectorthis)], Walcott [1905a, pp. 262-263] Eoorthis doris.

dougaldensis [Protorthis (Loperia)], Walcott [1905a, pp, 287-288] Protorthis (Loperia) dugaldensis.

dubia [Siphonotreta?], Walcott [new] Siphonotreta dubia.

dubius [Obolus (Lingulella)], Walcott [1898b, p. 401] Lingulella dubia.

edsoni [Rustella], Walcott [1905a, pp. 311-312] Rustella edsoni.

eggegrundensis [Acrotreta], Walcott [1905a, pp. 299-300] Acrotreta eggegrundensis.

Wiman [1902, p. 55] Do.

eichwaldi [Obolus], Mickwitz [1896, pp. 154-155] Obolus eichwaldi.

elegans [Obolus], Mickwitz [1896, pp. 157-158] Obolus elegans.

elegantula [Curticia], Walcott [1905a, pp. 319-320] Curticia elegantula.

elegantula [Strophomena (Eostrophomena)], Walcott [1905a, pp. 256-257] -Eostrophomena elegantula.

Elkania Ford [1886b, p. 325] Elkania.

Hall and Clarke [1892a, p. 241] Do.

Hall and Clarke [1892b, p. 557] Do.

Hall and Clarke [1892c, pp. 75-78] Do.

Walcott [1905a, pp. 321-323] Elkania (in part) and Obolus (Fordinia>

(in part).

Walcott [1908e, PL XI, and pp. 142 and 144] Elkania.

Elkania ambigua Ford [1886b, p. 325] Elkania ambigua.

Hall and Clarke [1892c, p. 78] Do.

Elkania bellula Walcott [1905a, p. 323] Obolus (Fordinia) bellulus.

Elkania desiderata Ford [1886b, p. 325] Elkania desiderata.

Hall and Clarke [1892a, PL III, figs. 13 and 14] Do.

Hall and Clarke [1892c, pp. 76 and 77] Do.

Elkania ida Ford [1886b, p. 325] Elkania ida.

Elkania pretiosa Ford [1886b, p. 325] Acrothele pretiosa.

ella [Lingulella], Hall and Clarke [1892c, p. 58, figs. 19 and 21] Obolus (Westonia) ella. The text includes

also specimens representing Lingulella

dubia.

Hall and Clarke [1892c, p. 58, fig. 20] Lingulella dubia.

Pack [1906, p. 295] Obolus (Westonia) ella.

Walcott [1886b, pp. 97-98, PL VII, fig. 2; PL VIII, figs. 4,

4a, 4d-e] Obolus (Westonia) ella. The text includes

also specimens representing Lingulella

dubia.
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ella [Lingulella], Walcott [1886b, pp. 97-98, PL VIII, figs. 4b and 4c] Lingulella dubia. The text includes

Obolus (Westonia) ella.

Walcott [1891a, p. 607, PL LXVII, figs. 2, 2a-b, and 2e]. .Obolus (Westonia) ella. The text includes

also specimens representing Lingulella

dubia.

Walcott [1891a, p. 607, PL LXVII, figs. 2c-dJ Lingulella dubia. The text includes Obo-

lus (Westonia) ella.

ella [Lingulella (Westonia)], Grabau and Shimer [1907, p. 193] Obolus (Westonia) ella.

ella [Lingulepis], Hall and Whitfield [1877, p. 232] Do.

Walcott [1897a, p. 404] Do.

ella [Obolus], Matthew [1902c, pp. 96 and 110] Do.

ella [Obolus (Lingulella)], Walcott [1898b, PI. XXVIII, figs. 5-8] Do.

ella [Obolus (Westonia)], Walcott [1901, p. 691] Do.

ella onaquiensis [Obolus (Westonia)], Walcott [1908d, pp. 67-68] Obolus (Westonia) ella onaquiensis.

ellipticus [Obolus (Schmidtia) obtusus], Mickwitz [1896, pp. 177-178] Obolus (Schmidtia) obtusus.

ellsi [Obolus (Lingulella)], Walcott [1898b, p. 402] Lingulella ellsi.

elongata [Obolella crassa], Walcott [new] Obolella crassa elongata.

elongatus [Obolus (Westonia)], Walcott [190Sd, p. 68] Obolus (Westonia) elongatus.

emmonsi [Acrotreta], Walcott [1905a, p. 300] Acrotreta emmonsi.

endlichi [Micromitra sculptilis], Walcott [1908d, p. 56] Micromitra sculptilis endlichi.

Eoobolus Matthew [1902c, p. 97] Lingulella.

(Eoobolus) [Obolus], Matthew [1903, pp. 135-136] Obolus (in part) and Lingulella (in part).

(Eoobolus) discus [Obolus], Matthew [1903, pp. 138-139] Lingulella triparilis.

(Eoobolus) triparilis [Obolus], Matthew [1903, pp. 136-137] Do.

Eoorthis Walcott [1908d, pp. 102-104] Eoorthis.

Walcott [1908e, PL XI, and pp. 142 and 148] Do.

Eoorthis newberryi Walcott [1908d, p. 105] Eoorthis newberryi.

Eoorthis thyone Walcott [1908d, pp. 105-106] Eoorthis thyone.

Eoorthis zeno Walcott [1908d, p. 106] Eoorthis zeno.

Eostrophomena Walcott [1908e, PL XI, and pp. 142 and 148] Eostrophomena.

(Eostrophomena) [Strophomena], Walcott [1905a, p. 256] Do.

(Eostrophomena) elegantula [Strophomena], Walcott [1905a, pp. 256-257] .. Eostrophomena elegantula.

(Eostrophomena) walcotti [Strophomena], Moberg and Segerberg [1906,

p. 71] . Do.

erecta [Nisusia (Jamesella)], Walcott [1905a, p. 253] Nisusia (Jamesella) erecta.

eros [Obolus (Lingulepis)], Walcott [1905a, p. 333] Lingulella (Lingulepis) eros.

eryx [Acrothele matthewi], Walcott [1905b, p. 11] Acrothele matthewi eryx.

escasoni [Lingulella(?)], Matthew [1901a, pp. 270-273] Obolus (Westonia) escasoni.

escasoni [Obolus (Westonia)], Walcott [1901, p. 691] Do.

escasoni fWestonia], Matthew [1903, pp. 206-209] Do.

esthonia [Schizambon ?], Walcott [new] Schizambon ? esthonia.

etheridgei [Huenella], Walcott [1908d, pp. 109-110] Huenella etheridgeL

etheridgei [Platyceras], Tate [1892, p. 184] Micromitra (Paterina) etheridgei.

euglyphus [Obolus (Lingulella)], Walcott [1898b, pp. 402-403] Obolus (Westonia) euglyphus.

euglyphus [Obolus (Westonia)], Walcott [1901, p. 691] Do.

(Euobolus) [Obolus], Mickwitz [1896, pp. 129 and 133] Lingulella (in part) and Obolus (in part).

eurekensis [Orthis?], Schuchert [1897, p. 286] Orusia ? eurekensis.

eurekensis [Orthis], Walcott [1884b, pp. 22-23] Do.

eurekensis [Orthis (Orusia?)], Walcott [1905a, p. 277] Do.

eurekensis [Protorthis?], Hall and Clarke [1892c, p. 232] Do.

excelsis [Trematobolus], Walcott [1908d, pp. 80-81] Trematobolus excelsis.

exigua [Lingulepis starri], Matthew [1903, pp. 197-198] Lingulella (Lingulepis) exigua.

exporecta [Orthis], Linnarsson [1876, pp. 12-13] Do.

exporrecta [Billingsella], Walcott [1905a, pp. 234-236] Billingsella exporrecta.

exporrecta [Orthis], Kayser [1883, p. 35] Do.

Wallerius [1895, p. 66] Do.

exporrecta rugosicostata [Billingsella], Walcott [1905a, p. 236] Billingsella exporrecta rugosicostata.

extenuatus [Obolus (Schmidtia) obtusus], Mickwitz [1896, pp. 178-179] Obolus (Schmidtia) obtusus.

exungui [Lingula aff .], Gtirich [1896, p. 214] lyingulella siemiradzkii.

exunguis [Lingula cf.], Gurich [1892, p. 69] Do.

Siemiradzki [1886, p. 672] \ Do.
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favosa [Lingula(?)], Linnarsson [1869a, pp. 356-357] Obolella (Glyptias) favosa.

Linnarsson [1869b, p. 406] Do.

favosa [Lingulella(?) cf. Lingula], Matthew [1888, pp. 28-29] Botsfordia pulchra.

favosa [Obolella (Glyptias)], Walcott [1901, pp. 675-676] Obolella (Glyptias) favosa.

feistmanteli [Lingula], Barrande [1879b, Pis. CVI and CX] Obolus feistmanteli.

ferruginea [Lingulella], Davidson [1868, pp. 306-307] Lingulella ferruginea.

Davidson [1871, pp. 336-337] Do.

Davidson [1883, PI. XVII, fig. 35] Do.

Delgado [1904, pp. 368-369] Lingulella delgadoi.

Matthew [1903, p. 108] Lingulella ferruginea.

Salter [Salter and Hicks, 1867, p. 340] Do.

Salter and Etheridge [1881, p. 538] Do.

ferruginea [Lingulella of.], Kayser [1897, p. 280] Do.

ferruginea ovalis [Lingulella], Davidson [1868, p. 307] Do.

Hicks [Salter and Hicks, 1867, p. 341] Do.

festinata [Billingsella], Hall and Clarke [1892c, p. 230] Nisusia festinata.

festinata [Nisusia], Grabau and Shimer [1907, p. 211] Do.

Walcott [1905a, pp. 249-251] Do.

festinata [Orthisina], Billings [1861b, p. 10] Do.

Billings [1861c, p. 949] Do.

Billings [1862b, p. 105] Do.

Billings [1862e, p. 221] Do.

Billings [1863, p. 284, figs. 289a-c] Do.

Walcott [1886b, pp. 120-121] Do.

Walcott [1891a, p. 613] Do.

festinata transversa [Nisusia], Walcott [1905a, p. 251] Nisusia festinata transversa.

finkelnburgi [Orthis (Finkelnburgia)], Walcott [1905a, pp. 278-279] Finkelnburgia finkelnburgi.

Finkelnburgia Walcott [1908e, PI. XI, and pp. 142 and 148] Finkelnburgia.

(Finkelnburgia) [Orthis], Walcott [1905a, pp. 277-278] Do.

(Finkelnburgia) finkelnburgi [Orthis], Walcott [1905a, pp. 278-279] Finkelnburgia finkelnburgi.

(Finkelnburgia) osceola [Orthis], Walcott [1905a, p. 279] Finkelnburgia osceola.

(Finkelnburgia) osceola corrugata [Orthis], Walcott [1905a, p. 280] Finkelnburgia osceola corrugata

finlandensis [Obolus (Westonia)], Walcott [1902, pp. 611-612] Obolus (Westonia) finlandensis.

flumenis [Leptobolus], Matthew [1903, pp. 189-190] , Lingulella flumenis.

(Fordinia) [Obolus], Walcott [1908d, pp. 64-65] Obolus (Fordinia).

Walcott [1908e, Pl.XI, and pp. 142 and 144] Do.

(Fordinia) gilberti [Obolus], Walcott [1908d, p. 65] Obolus (Fordinia) gilberti.

(Fordinia) perfectus [Obolus], Walcott [1908d, pp. 65-66] Obolus (Fordinia) perfectus.

formosa [Causea], Wiman [1902, pp. 53-54] Mickwitzia formcsa.

fragilis [Obolus (Lingulella)], Walcott [1898b, p. 404] Obolus fragilis.

tranklinensis [Obolus (Lingulella)], Walcott [1898b, pp. 404^05] Lingulella franklinensis.

fuchsi [Lingulella], Redlich [1899, p. 7] Lingulella fuchsi.

fuchsi [Obolus (Lingulella)], Walcott [1905a, p. 332] Do.
'

G.

gamagei [Acrothele], Grabau [1900, pp. 615-617] Acrothele gamagei.

Grabau and Shimer [1907, p. 200] Do.

Shimer [1907, pp. 176 and 177] Do.

gamagei [Obolella], Hobbs [1899, pp. 114-115] Do.

gemma [Acrotreta], Billings [1865a, pp. 216-217] Acrotreta gemma.

Grabau and Shimer [1907, p. 199] Acrotreta primeeva.

Hall and Clarke [1892c, p. 102, fig. 55] Acrotreta curvata.

Hall and Clarke [1892c, p. 102, figs. 56 and 57] Acrotreta idahoensis alta.

Walcott [1884b, pp. 17-18] Acrotreta attenuata (in part), A. pyxidi-

cula (in part), A. curvata (in part), and

A. idahoensis (in part). The text in-

cludes all four species, but the last two

were the only ones figured.

Walcott [1884b, pp. 17-18, PI. I, figs, la-b] Acrotreta idahoensis alta.

Walcott [1884b, pp. 17-18, PI. I, figs. Id-e] Acrotreta curvata.
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gemma [Acrotreta], Walcott [1886b, pp. 98-99] Acrotreta attenuata (in part), A. pyxidicula

(in part), and A. primseva (in part).

The text includes all three species, but

the last was the only one figured.

Walcott [1886b, pp. 98-99, PL VIII, figs. 1, la-b] Acrotreta primseva.

Walcott [1891a, p. 608] Acrotreta attenuata (in part), A. pyxidicula

(in part), A. curvata (in part), A. idahoen-

sis alta (in part), and A. primseva (in

part). The text includes all five species,

but the last three were the only ones fig-

ured .

Walcott [1891a, p. 608, PL LXVII, figs. 5 and 5a] Acrotreta idahoensis alta.

Walcott [1891a, p. 608, PI. LXVII, fig. 5b] Acrotreta curvata.

Walcott [1891a, p. 608, PL LXVII, figs. 5c-e] Acrotreta prim^va.

Walcott [1899, p. 449] Acrotreta attenuata (in part), A. pyxidicula

(in part), A. curvata (in part), A. idaho-

ensis alta (in part), and A. primseva (in

part) . The text includes all five species,

but the last three were the only ones fig-

ured.

Walcott [1899, p. 449, PL LXII, figs. 2, 2b, and 2d].. .Acrotreta primseva.

Walcott [1899, p. 449, PI. LXII, figs. 2a and 2c] Acrotreta idahoensis alta.

Walcott [1899, p. 449, PL LXII, fig. 2e] Acrotreta curvata.

gemma [Bicia], Walcott [1901, pp. 678-680] Bicia gemma.
gemma [Obolella], Billings [1872a, pp. 218-219] Do.

Billings [1872c, p. 355] Do.

Hall and Clarke [1892c, pp. 69 and 71] Do.

Walcott [1886b, pp. 116-117] Do.

Walcott [1891a, p. 612] Do.

gemma depressa [Acrotreta], Matthew [1902c, p. 109] Acrotreta depressa.

Walcott [1889c, pp. 441^42] Do.

gemmula [Acrotreta], Matthew [1894, pp. 87-88] Acrotreta gemmula.

Matthew [1895a, p. 126] Do.

Matthew [1903, p. 97] Do.

gemmula [Obolella?], Matthew [1892, pp. 41^2] Lingulella ferruginea.

gemmulus [Leptobolus], Matthew [1903, pp. 190-192] Do.

gemmulus [Obolus (Lingulella)], Walcott [1901, p. 673] Do.

genei [Lingulella], Pack [1906, p. 295] Lingulella dubia.

Gem-e? sp. nebulosa Barrande [1868a, pp. 105-106] Orbiculoidea contraria.

Barrande [1868b, pp. 693-694] Do.

gilberti [Obolus (Fordinia)], Walcott [1908d, p. 65] Obolus (Fordinia) gilberti.

girtyi [Linnarssonella], Walcott [1902, pp. 602-603] Linnarssonella girtyi.

Glossina acuminata Hall and Clarke [1892a, PL I, figs. 10 and 11] Lingulella (Lingulepis) acuminata sequens.

(Glossina) acuminata [Lingula], Hall and Clarke [1892c, PL I, figs. 1 and 2]. . Do.

Glossina cyane Schuchert [1897, p. 224] Obolus cyane.

(Glyptias) [Obolella], Walcott [1901, p. 675] Obolella (Glyptias).

Walcott [1908e, PL XI, and pp. 142 and 145] Do.

(Glyptias) favosa [Obolella], Walcott [1901, pp. 675-676] Obolella (Glyptias) favosa.

(Gonambonites) plana retroflexa [Clitambonites], Matthew [1895b, p. 267]. . Billingsella retroflexa.

gracia [Acrotreta], Walcott [1902, pp. 586-587] Acrotreta gracia.

grandis [Leptobolus], Matthew [1894, pp. 91-92] Lingulella grandis.

grandis [Leptobolus cf .], Matthew [1902c, p. Ill] Does not equal Lingulella grandis. It is

not referred in this monograph.

grandis [Lingulella Isevis], Matthew [1903, pp. 200-201] Lingulella Isevis grandis.

granulata [Acrothele], Davidson [1883, p. 214] Acrothele (Redlichella) granulata.

Hall and Clarke [1892c, pp. 100-101] Do.

Linnarsson [1876, p. 24] Do.

Linnarsson [1877, pp. 373-374] Do.

Swanston [1877, PL VII, figs. 20a-c] Do.

Swanston [1886, PL VII, figs. 20a-c] Do.

Walcott [1886b, p. 109] Do.
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granulata [Diecinolepis], Hall and Clarke [1892a, p. 247] Discinolepis granulata.

Hall and Clarke [1892b, p. 563] Do.

Hall and Clarke [1892c, p..90] Eo.

Waagen [1885a, pp. 750-751] Do.

Waagen [1891, PI. XI, figs. 15 and 16] Do.

granulata [Kutorgina], Matthew [1899a, p. 189] Kutorgina granulata.

Matthew [1899e, p. 98] Do.

granulata [Mobergia], Redlich [1899, pp. 5-6] Botsfordia granulata.

granvillensis [Lingulella], Delgado [1904, pp. 367-368] Lingulella delgadoi.

Hall and Clarke [1892c, p. 58] Lingulella granvillensis.

Oehlert [1889, p. 1138] Do.

Walcott [1887, pp. 188-189]. Do.

Walcott [1891a, pp. 607-608] Do.

granvillensis [Lingulella cf.], Matthew [1895a, pp. 114-115] Lingulella martinensis.

gregwa [Lingulella], Matthew [1899b, pp. 199-200] Lingulella (Lingulepis) gregwa.

gregwa [Lingulepis], Matthew [1903, pp. 56-57 and 126-131] Do.

gregwa [Obolus (Lingulepis)], Walcott [1901, pp. 692-694] Lingulella atava (in part), L. cania (in

part), L. tumida (in part), Lingulella

(Lingulepis) gregwa (in part), and L. (L.)

exigua(inpart).

gregwa robusta [Lingulepis], Matthew [1903, pp. 57 and 131] Lingulella (Lingulepis) gregwa robusta.

groomi [Obolella], Matley [1902, pp. 137 and 139] Obolella gi'oomi.

gulielmi [Acrotreta?], Matthew [1886, pp. 37-39] Discinopsis gulielmi.

gulielmi [Discinopsis], Hall and Clarke [1892a, PI. Ill, figs. 20 and 21].... Do.

Hall and Clarke [1892c, p. 105] Do.

H.

hamburgensis [Orthis], Walcott [1884b, p. 73] Eoorthis desmopleura ?.

harlanensis [Billingsella], Walcott [1905a, p. 236] Wimanella harlanensis.

hastingsensis [Orthis (Pleetorthis)], Walcott [1905a, p. 263] Eoorthis hastingsensis.

hawkei [Lingula], Roualt Not taken up in this monograph ; it does not

equal Mickwitzia sp. undt.

hawkei? [Lingula], Bornemann [1891, p. 439] Mickwitzia sp. undt.

haydeni [Micromitra], Walcott [1908d, pp. 55-56] Micromitra haydeni.
hayesi [Obolus (Lingulella)], Walcott [1898b, pp. 405^06] Lingulella hayesi.

heberti [Lingulella], Ban-ois [1882, pp. 185-186] Lingulella heberti.

helena [Obolus (Lingulella)], Walcott [1898b, p. 406] Lingulella helena.

helena [Protorthis], Walcott [1905a, p. 282] Protorthis helena.

Helmersenia Hall and Clarke [1892a, p. 254] Helmersenia.
Hall and Clarke [1892b, p. 570] Do.
Hall and Clarke [1892c, p. 119] Do.
Oehlert [1887, p. 1264] Do.
Pander [1861, columns 48-49] Do.

Walcott [1908e, PL XI, and pp. 142 and 143] Do.
Zittel [1880, p. 666] Do.

Helmersenia jeremejewi Dall [1877, p. 31] Helmersenia ladogensis.

Oehlert [1887, p. 1264] Do.

Helmersenia sp.? Hall and Clarke [1892a, p. 254] Do.
Hall and Clarke [1892c, p. 119] Do.
Pander [1861, columns 48^9] Do.

hera [Acrothele subsidua], Walcott [1908d, p. 87] Acrothele subsidua hera.

hicksi [Billingsella], Walcott [1905a, p. 237] Billingsella hicksi.

hicksi [Orthis], Kayser [1883, p. 35] Do.

Linnarsson [1876, pp. 13-14] '. Billingsella exporrecta rugosicostata.

hicksii [Orthis], Davidson [1868, p. 314] Billingsella hicksi.

Davidson [1869, p. 230] Do.

highlandensis [Billingsella], Walcott [1905a, pp. 237-238] Billingsella highlandensis.

highlandensis [Orthis?], Walcott [1886b,' pp. 119-120] Do.

Walcott [1891a, p. 612] Do.

Huenella Walcott [1908d, p. 109] Huenella.

Walcott [1908e, PI. XI and pp. 142 and 148] Do.
Huenella etheridgei Walcott [1908d, pp. 109-110] Huenella etheridgei.

Huenella lesleyi Walcott [19CSd, p. 110] Huenella lesleyi.

Huenella vermontana Walcott [new] Huenella vermontana.
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humeratus[Obolus(Schmidtia)acuminatus], Mickwitz [1896, pp. 184-186]. .Obolus (Schmidtia) acuminatus.

humillima [Lingula], Barrande [ISCSa, p. 101] Lingulella? humillima.

Barrande [1868b, p. 691] Do.

hunnebergensis [Protorthis?], Moberg and Segerberg [1906, pp. 70-71] Protorthis? hunnebergensis.

I.

ida [Billingsia?], Ford [1886a, p. 467] Elkania ida.

ida [Elkania], Ford [1886b, p. 325] Do.

ida [Obolella], Billings [1862d, p. 71] Do.

ida? [Obolella], Dawson [1888a, p. 55] Acrotreta sagittalis.

Dawson [1888b, p. 55] Do.

ida [Obolella?], Walcott [1886b, p. Ill] Elkania ida,

idahoensis [Acrotreta], Walcott [1902, p. 587] Acrotreta idahoensis.

idahoensis [Acrotreta cf .], Walcott [new] Acrotreta cf . idahoensis.

idahoensis alta [Acrotreta], Walcott [1902, p. 588] Acrotreta idahoensis alta.

idahoensis sulcata [Acrotreta], Walcott [1902, p. 588] Acrotreta idahoensis sulcata.

iddingsi [Orthis (Plectorthis)], Walcott [1905a, p. 264] Eoorthis iddingsi.

inchbans [Acrothele], Matthew [1902b, p. 404] Acrotreta inchoans.

Matthew [1903, p. 103] , Do.

inchoans [Acrotreta], Pompeckj [1896a, p. 3] Do.

inchoans [Lingula], Barrande [1868a, p. 102] Do.

Barrande [1868b, p. 692] Do.

indianola [Orthis (Plectorthis)], Walcott [1905a, pp. 264-265] Eoorthis indianola.

indianola [Plectorthis], Grabau and Shimer [1907, pp. 251-252] Do.

inflata [Acrothyra?], Matthew [1901b, p. 304] Acrotreta inflata.

inflata [Acrotreta], Walcott [1902, pp. 588-589] Do.

inflata [Lingulella?], Matthew [1886, p. 33] Do.

Matthew [1895a, p. 127] Do.

Matthew [1898a, p. 128] Do.

inflata [Lingulella (Acrothyra?)], Matthew [1902b, p. 390] Do.

inflata ovalis [Lingulella?], Matthew [1895a, p. 127] Do.

inflatus [Obolus?], Westergard [1909, p. 76] Obolus? inflatus.

ingricus [Obolus], Eichwald [1829, p. 274] Obolus apollinis ingricus.

Eichwald [1843b, pp. 140-141] Do.

Eichwald [I860, pp. 926-927] Do.

von Leuchtenberg [1843, p. 16] Do.

ingricus [Obolus apollinis], Mickwitz [1896, pp. 137-140] Do.

ino [Obolus (Lingulella)], Walcott [1898b, pp. 406^07] Lingulella iao.

inornatus [Obolus triangularis], Mickwitz [1896, pp. 148-149] Obolus triangularis.

insignis [Trematobolus], Hall and Clarke [1892a, p. 252] Trematobolus insignis.

Hall and Clarke [1892b, p. 568] Do.

Matthew [1893a, pp. 276-279] Do.

Matthew [1894, pp. 88-90] Do.

Matthew [189.5a, pp. 122-125] Do.

Matthew [1895c, p. 95] Do.

Matthew [1898b, p. 35] Do.

insons [Lingula], Barrande [lS79b, PI. CV, figs. X: 1-6] Lingulella? insons.

insulse [Leptobolus atavus], Matthew [1903, pp. 110-112] Lingulella atava insulse.

intermedia [Acrothele], Gronwall [1902, p. 39] Acrothele intermedia.

Linnarsson [1879, pp. 25-27] Do.

inyoensis [Wimanella], Walcott [1908d, p. 99] Wimanella inyoensis.

iole [Lingula], Billings [1865a, p. 215] Lingulella iole.

Iphidea Baiy [1865] Iphidea, not Micromitra. (See p. 332.)

Billings [1872b, pp. 477-478] Micromitra.

Billings [1874, p. 76] Do.

Dall [1877, p. 39] Do.

Grabau and Shimer [1907, p. 201] Micromitra (Paterina) (in part) and M.
(Iphidella) (in part), not true Micromitra.

Hall and Clarke [1892a, p. 249] Micromitra or Micromitra (Paterina).

Hall and Clarke [1892b, p. 565] Do.

Hall and Clarke [1892c, pp. 97-98] Micromitra.

Linnarsson [1876, p. 26] Do.

Oehlert [1887, p. 1270] Do.
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Iphidea Schuchert [1897, p. 233] Micromitra and Micromitra (Paterina).

Walcott [1886b, pp. lOO-lOl] Micromitra.

Walcott [1897b, pp. 707-711] Micromitra (in part), M. (Paterina) (in part),

and M. (Iphidella) (in part).

Walcott [1899, pp. 447-448] Micromitra.

Iphidea alabamaensis Walcott [1897b, pp. 713-714] Micromitra alabamaensis.

Iphidea bella Billings [1872b, pp. 477^78] Micromitra (Paterina) bella.

Billings [1874, p. 76] Do.

Billings [1882, p. 13] Do.

Clark and Mathews [1906, p. 252] Do.

Grabau and Shimer [1907, p. 201] Do.

Hall and Clarke [1892a, p. 249] Micromitra (Paterina) labradorica swan-

tonensis.

Hall and Clarke [1892c, p. 98, fig. 54] Micromitra (Paterina) bella. The text

includes both M. (P.) bella and M. (P.)

labradorica swantonensis.

Hall and Clarke [1892c, p. 98, PL IV, figs. 8 and 9] Micromitra (Paterina) labradorica swan-

tonensis. The text includes both M.
(P.) labradorica swantonensis and M.
(P.) bella.

Oehlert [1887, p. 1270] Micromitra (Paterina) bella.

Walcott [1886b, p. 100] Do.

Walcott [1891a, p. 608] Do.

Iphidea bella? Grabau [1900, pp. 617-618] Do.

Iphidea crenistria Walcott [1897b, p. 713] Micromitra (Paterina) crenistria.

Iphidea labradorica Billings [1872b, p. 478] Micromitra (Paterina) labradorica.

Billings [1874, p. 76] Do.

Schuchert [1897 , p . 234] Micromitra (Paterina) labradorica (in part)

and M. (P.) labradorica swantonensis

(in part).

Iphidea labradorica swantonensis Schuchert [1897, p. 234] Micromitra (Paterina) labradorica swan-

tonensis.

Iphidea logani Walcott [1897b, pp. 711-712] Micromitra (Paterina) logani.

Iphidea ornatella Gronwall [1902, p. 40] Micromitra (Iphidella) ornatella.

Hall and Clarke [1892c, pp. 97-98] Do.

Linnarsson [1876, pp. 25-26] Do.

Iphidea cnf.? ornatella Hall and Clarke [1892c, PI. IV, figs. 6 and 7] Micromitra (Paterina) superba.

Iphidea pannula Matthew [1902c, p. 110] Micromitra (Iphidella) pannula.

Iphidea pannulus Grabau and Shimer [1907, p . 201] Do.

Schuchert [1897, p. 234] Do.

Iphidea pealei Walcott [1897b, pp. 712-713] Micromitra pealei.

Iphidea prospectensis Schuchert [1897, p. 234] Micromitra (Paterina) prospectensis.

Iphidea (??) sculptilis Meek [1873, p. 479] Micromitra sculptilis.

Iphidea sculptilis Schuchert [1897, p. 235] Do.

Walcott [1899, pp. 447-448] Do.

Iphidea stissingensis Schuchert [1897, p. 234] Micromitra (Paterina) stissingensis.

Iphidea superba Walcott [1897b, p. 711] Micromitra (Paterina) superba.

Iphidea swantonensis Grabau and Shimer [1907, p. 201] Micromitra (Paterina) labradorica swan-

tonensis.

Iphidea sp. undet. Walcott [1899, p. 449] Micromitra sp. undt.

Iphidella Walcott [1905a, p. 304] Micromitra (in part), M. (Paterina) (in

part), and M. (Iphidella) (in part).

(Iphidella) [Micromitra], Walcott [1908e, PI. XI, and pp. 142 and 143] Micromitra (Iphidella).

Iphidella labradorica Walcott [1905a, p . 307] Micromitra (Paterina) labradorica.

Iphidella labradorica orientalis Walcott [1905a, pp. 305-306] Micromitra (Paterina) labradorica orien-

tails.

Iphidella labradorica swantonensis Walcott [1905a, p. 307] Micromitra (Paterina) labradorica swan-

tonensis.

Iphidella labradorica utahensis Walcott [1905a, p. 306] Micromitra (Paterina) labradorica utahensis.

(Iphidella) louise [Micromitra], Walcott [1908d, pp. 56-57] Micromitra (Iphidella) louise.

Iphidella major Walcott [1905a, p . 304] Micromitra (Paterina) major (in part) and
M. (P.) williardi (in part).

Iphidella niaus Walcott [1905a, p. 305] Micromitra nisus.
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(Iphidella) nyssa [Micromitra], Walcott [1908d, p. 57] Micromitra (Iphidella) riyssa.

Iphidella pannula Walcott [1905a, p. 307] Micromitra (Iphidella) pannula.

(Iphidella) pannula [Micromitra],Walcott [1908c, p. 244, PI. I, figs. 1, la-c] . . Do.

Iphidella pannula maladensis Walcott [1905a, p. 306] Micromitra (Iphidella) pannula maladensis.

Iphidella pannula ophirensis Walcott [1905a, p. 306] Micromitra (Iphidella) pannula ophirensis.

Iphidella prospectensis Walcott [1905a, p. 307] Micromitra (Paterina) prospectensis.

Iphidella sculptilis Walcott [1905a, p. 308] Micromitra sculptilis.

Iphidella stissingensis Walcott [1905a, p. 308] Micromitra (Paterina) stissingensis.

Iphidella sp. undt. Walcott [1905a, p. 305] Micromitra sp. undt.

iphis [Obolus (Westonia)], Walcott [1905a, p. 336] Obolus (Westonia) iphis.

irene [Lingula], Billings [1862d, pp. 71-72] Lingulella Irene.

Billings [1863, p. 230] Do.

irene [Lingulella], Schuchert [1897, p. 257] Do.

iris [Lingula], Billings [1865a, p. 301] Lingulella iris.

ismene [Obolus], Walcott [1905a, p. 325] Obolus ismene.

isse [Obolus (Lingulella)], Walcott [1905a, p. 330] Lingulella isse.

J.

(Jamesella) [Nisusia], Walcott [1905a, p. 252] Nisusia (Jamesella).

Walcott [1908e, PI. XI, and pp. 142 and 147] Do.

(Jamesella) amii [Nisusia], Walcott [1905a, p. 252] Nisusia (Jamesella) amii.

(Jamesella) argenta [Nisusia], Walcott [1905a, p. 252] Nisusia (Jamesella) argenta.

(Jamesella) erecta [Nisusia], Walcott [1905a, p. 253] Nisusia (Jamesella) erecta.

(Jamesella?) kanabensis [Nisusia?], Walcott [1908d, pp. 97-98] Nisusia? (Jamesella?) kanabensis.

(Jamesella) kuthani [Nisusia], Walcott [1905a, pp. 253-254] Nisusia (Jamesella) kuthani.

(Jamesella) lowi [Nisusia], Walcott [1908d, p. 98] Nisusia (Jamesella) lowi.

(Jamesella) perpasta [Nisusia], Walcott [1905a, pp. 254-255] Nisusia (Jamesella) perpasta.

(Jamesella) perpasta macra [Nisusia], Walcott [1905a, p. 255]... Nisusia (Jamesella) perpasta macra.

(Jamesella) perpasta subquadrata [Nisusia], Walcott [1905a, p. 255] .Nisusia (Jamesella) perpasta subquadrata.

(Jamesella) utahensis [Nisusia], Walcott [1905a, pp. 255-256] Nisusia (Jamesella) utahensis.

(Jamesella) sp. undt. [Nisusia], Walcott [1905a, p. 256] Nisusia (Jamesella) sp. undt.

jeremejewi [Helmersenia], Dall [1877, p. 31] Helmersenia ladogensis.

Oehlert [1887, p. 1264] Do.

johannensis [Orthis (Plectorthis)], Walcott [1905a, pp. 265-266] .. ...Eoorthis johannensis.

johannensis [Orthisina (?)], Matthew [1892, pp. 49-50] Do.

K.
kanabensis [Nisusia? (Jamesella?)], Walcott [1908d, pp. 97-98] Nisusia? (Jamesella?) kanabensis.

kayseri [Orthis (Plectorthis)], Walcott [1905a, p. 266] Eoorthis kayseri.

kempanum [Protosiphon], Matthew [1897a, pp. 70-71] Trematobolus kempanum.
Matthew [1898a, p. 131] Do.

Keyserlingia Dall [1877, p. 39] Keyserlingia.

Hall and Clarke [1892c, pp. 117-119] Do.

Karpinsky [1887, p. 476] Helmersenia, not Keyserlingia.

Oehlert [1887, p. 1263] Keyserlingia.

Pander [1861, p. 46] Do.

Walcott [1908e, PL XI, and pp. 142 and 146] Do.

Keyserlingia buchi Hall and Clarke [lS92c, p. 118] Keyserlingia buchi.

Pander [1861, columns 46^8] Do.

Keyserlingia panderi Karpinsky [1887, p. 476] Helmersenia ladogensis.

kichouensis [Orthis (Plectorthis)], Walcott [1906, p. 570] Eoorthis kichouensis.

kiurensis [Lingula?], Waagen [1885a, pp. 768-769] Lingulella kiurensis.

Waagen [1891, PL II, figs. 17a-b] Do.

kuthani [Nisusia (Jamesella)], Walcott [1905a, pp. 253-254] Nisusia (Jamesella) kuthani.

kuthani [Orthis], Pompeckj [1896b, pp. 514-515] Do.

kutorgai [Acrotreta], Walcott [1902, pp. 589-590] Acrotreta kutorgai (in part) and A. rudis

(in part).

Kutorgina Beecher [1891, pp. 345-346] Kutorgina.

Billings [1861b, p. 9] Do.

Billings [1861c, p. 948] Do.

Billings [1862e, p. 220] Do.

Dall [1877, pp. 40-41] Micromitra (Paterina) (in part) and Kutor-
gina (in part).
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Kutorgina Davidson [1868, p. 312] Kutorgina.

Davidson [1871, p. 342] Do.

Grabau and Shimer [1907, p. 209] Do.

Hall and Clarke [1892a, pp. 247-248] Do.

Hall and Clarke [1892b, pp. 563-564] Do.

Hall and Clarke [1892c, pp. 90-94, and 183] Micromitra (in part), Micromitra (Paterina)

(in part), Micromitra (Iphidella) (in

part), Kutorgina (in part), Protorthis (in

part), and Biilingsella (in part).

Oehlert [1887, p. 1262] Kutorgina.

Walcott [1886b, pp. 101-102] Kutorgina (in part), Micromitra (in part),

Micromitra (Paterina) (in part), and

Micromitra (Iphidella) (in part).

Walcott [1905a, pp. 306-308] Kutorgina.

Walcott [1908e, PL XI, and pp. 142 and 145] Do.

Zittel[1880, p. 664] Do.

(Kutorgina) [Obolella], Dall [1870, pp. 154 and 163] Do.

Kutorgina alata? Moberg [1892b, p. 113] Belongs with an undetermined genus.

Kutorgina cingulata Beecher [1891, pp. 345-346] Kutorgina cingulata.

Bornemann [1891, p. 440]... 1 Kutorgina sardiniaensis.

Davidson [1868, p. 312] Micromitra (Paterina) phillipsi.

Davidson [1871, pp. 342-343] Do.

Davidson [1883, p. 212] Do.

Freeh [1897, PL lA, figs. 6a-b] Kutorgina cingulata.

Grabau and Shimer [1907, p. 209] Do.

Hall and Clarke [1892a, PL IV, figs. 11-13] Do.

Hall and Clarke [1892c, p. 92] Do.

von Toll [1899, pp. 26-27] Do.

Walcott [1886b, pp. 102-104] Micromitra pusQla (in part), Micromitra

(Paterina) phillipsi (in part), and Kutor-

gina cingulata (in part).

Walcott [1886b, pp. 102-104, PL IX, figs. 1, la-f] ....Kutorgina cingulata.

Walcott [1886b, p. 103, PL IX, figs. Ig-h] Rustella edsoni.

Walcott [1891a, p. 609, PL LXIX, figs. 1, la-f] Kutorgina cingulata.

Walcott [1891a, p. 609, PL LXIX, figs. Ig-h] Rustella edsoni.

Walcott [1905a, pp. 308-309] , Kutorgina cingulata.

(Kutorgina) cingulata [Obolella], Billings [1861b, pp. 8-9, figs. 8 and 10].. Do.

Billmgs [1861b, p. 8, fig. 9] Rustella edsoni.

Billings [1861c, p. 948, figs. 347 and 349].. Kutorgina cingulata.

Billmgs [1861c, p. 948, fig. 348] Rustella edsoni.

Billings [1862e, p. 220, figs. 347 and 349]. . Kutorgina cingulata.

Billings [1862e, p. 220, fig. 348] Rustella edsoni.

Kutorgina cingulata phillipsi Matley [1902, pp . 145-147] Micromitra (Paterina) phillipsi.

Kutorgina cingulata pusilla Gronwall [1902, pp. 40^1] Micromitra pusilla.

Linnarsson [1876, p. 25] Do.

Matley [1902, pp. 146-147] Do.

Kutorgina granulata Matthew [1899a, p. 189] Kutorgina granulata.

Matthew [1899e, p. 98] Do.

Kutorgina labradorica Walcott [1886b, p. 104] Micromitra (Paterina) labradorica. The
figures accompanying this reference

[PL IX, figs. 2, 2a-b] represent M. (P.)

labradorica swantonensis.

Walcott [1886b, PL IX, figs. 2, 2a-b] Micromitra (Paterina) labradorica swan-

tonensis. The text reference [p. 104]

refers only to M. (P.) labradorica.

Walcott [1891a, p. 609] Micromitra (Paterina) labradorica.

Kutorgina labradorica swantonensis Walcott [1890b, p. 36] Micromitra (Paterina'i labradorica swan-

tonensis.

Walcott [1891a, p. 609] Do.

Kutorgina latourensis Hall and Clarke [1892c, pp. 93, 95, and 233] Protorthis latourensis.

Matthew [1886, pp. 42-43] Do.

Kutorgina minutissima Hall and Whitfield [1877, pp. 207-208] Micromitra sculptilis.
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Kutorgina pannula Pack [1906, p. 296] Micromitra (Iphidella) pannula.

Walcott[1886b, p. 105] Do.

Walcott [1887, p. 190] Do.

Walcott [1891a, p. 609] Do.

Kutorgina perugata Walcott []905a, p. 310] Kutorgina perugata.

Kutorgina prospectensis Walcott [1884b, p. 19] Micromitra (Paterina) prospectensis.

Walcott [1886b, pp. 106-107] Do.

Walcott [1891a, p. 610] Do.

Kutorgina sardiniaensis Walcott [1901, p. 695] Kutorgina sardiniaensis.

Walcott [1905a, p. 311] Do.

Kutorgina sculptilis Walcott [1884b, p. 20] ' Micromitra sculptilis.

Kutorgina stissingensis Dwight [1889, pp. 145-147] Micromitra (Paterina) stissingensia.

Dwight [1891, p. 105] Do.

Kutorgina undosa Moberg [1892b, p. 112] Micromitra (Paterina) undosa.

Kutorgina whitfieldi Walcott [1884b, pp. 18-19] Billingsella whitfieldi.

Kutorgina sp. Moberg [1892b, p. 114] Micromitra? sp. (See p. 357.)

Kutorgina sp. xmdt. Walcott [1905a, p. 311] Kutorgina sp. undt.

L.

labiosa [Discina], Salter [1866a, p. 285] Acrotreta sagittalis.

labradorica [Iphidea], Billings [1872b, p. 478] Micromitra (Paterina) labradorica.

Billings [1874, p. 76] Do.

Schuchert [1897, p. 234] Micromitra (Paterina) labradorica (in part)

and M. (P.) labradorica swantonensis (in

part).

labradorica [Iphidella], Walcott [1905a, p. 307] Micromitra (Paterina) labradorica.

labradorica [Kutorgina], Walcott [1886b, p. 104] Micromitra (Paterina) labradorica. The
figures accompanying this reference

[PI. IX, figs. 2, 2a-b] represent M. (P.)

labradorica swantonensis.

Walcott [1886b, PI. IX, figs. 2, 2a-b] Micromitra (Paterina) labradorica swanton-

ensis. The text reference [p. 104] refers

only to M. (P.) labradorica.

Walcott [1891a, p. 609] Micromitra (Paterina) labradorica.

labradorica [Paterina], Beecher [1891, pp. 345-346] Micromitra (Paterina) labradorica swanton-

ensis.

Hall and Clarke [1892a, p. 247] Do.

labradorica orientalis [Iphidella], Walcott [1905a, pp. 305-306] Micromitra (Paterina) labradorica orien-

talis.

labradorica swantonensis [Iphidea], Schuchert [1897, p. 234] Micromitra (Paterina) labradorica swanton-

ensis.

labradorica swantonensis [Iphidella], Walcott [1905a, p. 307]. Do.

labradorica swantonensis [Kutorgina], Walcott [1890b, p. 36] Do.

Walcott [1891a, p. 609] Do.

labradorica utahensis [Iphidella], Walcott [1905a, p. 306] Micromitra (Paterina) labradorica utah-

ensis.

labradorica var. undt. [Micromitra (Paterina)], Walcott [new] Micromitra (Paterina) labradorica var. undt.

labradoricus [Obolus], Billings [1861b, p. 6] Micromitra (Paterina) labradorica.

Billings [1861c, p. 946] Do.

Billings [1862e, p. 218] Do.

Billings [1863, p. 284] Do.

ladogensis [Siphonotreta], Jeremejew [1856, pp. 73 and 80] Helmersenia ladogensis.

laevis [Acrothele subsidua], Walcott [new] Acrothele subsidua Isevis.

Isevis [Lingulella], Matthew [1892, p . 39] Lingulella Isevis.

tevis [Protorthis], Walcott [1905a, p. 283] Protorthis Isevis.

kevis grandis [Lingulella], Matthew [1903, pp. 200-201] Lingulella leevis grandis.

Isevis lens [Lingulella], Matthew [1903, pp. 201-203] Lingulella lens.

Iseviusculus [Orthis (Plectorthis) wichitaensis], Walcott [1905a, p. 272] Eoorthis wichitaensis Iseviusculus.

Iseviusculus [Syntrophia texana], Walcott [1905a, pp. 294-295] Huenella texana laeviuBculus.

Lakhmina Hall and Clarke [1892a, pp. 234-235] Neobolus.

Hall and Clarke [1892b, pp. 550-551] Do.

Hall and Clarke [1892c, pp. 28-30] Do.

Oehlert [1887, p. 1265] Do.

Waagen [1891, desc. of PI. II, figs. 3 and 4] Do.
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Lakhmina linguloides Freeh [1897, PI. lA, flgs. 4a-b] Neobolus warthi.

Hall and Clarke [1892a, p. 234] Do.

Hall and Clarke [1892b, p. 550] Do.

Hall and Clarke [1892c, p. 28] Do.

Oehlert [1887, p. 1265] Do.

Waagen [1891, desc. of PI. II, figs. 3 and 4] Do.

lamborni [Lingulella], Keyes [1894, pp. 38-39] Obolus lamborni.

lamborni [Lingulella?], Meek [1871, pp. 185-187] Do.

lamborni minimus [Obolus (Lingulella)], Walcott [1898b, p. 407] Obolus lamborni minimus.
lamellosa [Lingula], Barrande [1879b, PI. CVI, figs, i: 1-5; PI. CXI, figs, ix:

1-3] Obolus (Westonia?) lamellosus.

lamellosus [Obolus (Westonia?)], Walcott [1901, p. 691] Do.

lata [Acrothele matthewi], Hall and Clarke [1892a, PI. Ill, figs. 25 and 26] . . Acrothele matthewi lata.

Hall and Clarke [1892c, PI. Ill, figs. 26-28] Do.

Matthew [1886, p. 41] Do.

Matthew [1895a, PL V, figs. 8a-b] Do.

Matthew [1903, p. 104] Do.

lata [Acrotreta papillata], Matthew [1903, pp. 95-96] Aerothyra sera.

lateralis [Syntrophia], Hall and Clarke [1892c, p. 270] Syntrophia lateralis.

Hall and Clarke [1893b, p. 217] Do.

Hall [1894a, p. 837] Do.

lateralis [Triplesia], Whitfield [1886, p. 303] Do.

latourensis [Kutorgina], Hall and Clarke [1892c, pp. 93, 95, and 233] Protorthis latourensis.

Matthew [1886, pp. 42-43] Do.

latourensis [Protorthis], Walcott [1905a, pp. 282-283] Do.

latus [Obolus (Schmidtia) obtusus], Mickwitz [1896, pp. 174-175] Obolus (Schmidtia) obtusus.

leda [Obolus tetonensis], Walcott [1908d, p. 63] Obolus tetonensis leda.

lens [Lingula?], Matthew [1901a, pp. 274-275] Lingulella lens.

lens [Lingulella], Matthew [1903, pp. 205-206] Do.

lens [Lingulella tevis], Matthew [1903, pp. 201-203] Do.

lens [Obolus], Matthew [1902c, p . 95] Obolus (Palseobolus) bretonensis lens.

lens [Obolus (Lingulella)], Walcott [1902, pp. 606-607] Lingulella lens.

lens [Obolus (Palseobolus)], Matthew [1903, pp. 144-146] Obolus (Palseobolus) bretonensis lens.

lens longus [Obolus (Palseobolus)], Matthew [1903, pp. 146-147] Do.

lens-primus [Obolus], Matthew [1902c, pp. 94-95] Do.

lenticularis [Anomites], Wahlenberg [1821, pp. 66-67] Orusia lenticularis.

lenticularis [Atrypa?], Dalman [1828, pp. 132-133] Do.

Hisinger [1837, p. 76] Do.

lenticularis [Atrypa], Kjerult [1857, p. 92] Do.

Kjerulf [1865, pp. 1 and 3] Do.

Kjerulf [1879, PL XIII] Do.

lenticularis [Orthis], Brogger [1882, p. 48] Do.

Davidson [1868, p. 314] Do.

Davidson [1869, pp. 230-232] Do.

Matthew [1892, pp. 46-48] Do.

Matthew [1903, pp. 213-216] Do.

Roemer [1876, PI. II, figs. 4a-c] Do.

Roemer [1885, pp. 33-34] Do.

Salter [1866b, p. 339] Do.

Salter and Etheridge [1881, pp. 544-545] Do.

lenticularis? [Orthis], Kayser [1876, p. 9] Do.

lenticularis [Orthis (Orusia)], Walcott [1905a, pp. 273-276] Do.

lenticularis [Spirifera?], von Buch [1834, p. 48] Do.

lenticularis atrypoides [Orthis], Matthew [1892, p. 48] Orusia lenticularis atrypoides.

Matthew [1903, p. 217] Do.

lenticularis atrypoides [Orthis (Orusia)], Walcott [1905a, p. 276] Do.

lenticularis lyncioides [Orthis], Matthew [1892, p. 49] Orusia lenticularis lyncioides.

Matthew [1903, p. 216] Do.

lenticularis lyncioides [Orthis (Orusia)], Walcott [1905a, p. 277] Do.

lenticularis strophomenoides [Orthis], Matthew [1892, p. 49] Orusia lenticularis.

Matthew [1903, p. 217] Do.
'

leos [Obolus (Lingulella)], Walcott [1898b, pp. 407^08] Lingulella leos.

lepis [Lingula?], Davidson [1866, p. 54] Lingulella lepis.
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lepis [Lingula], Salter [1859, p. 543] Lingulella lepis.

lepis [Lingula (Lingulella?)], Brogger [1882, p. 44] Do.

lepis [Lingula (Lingulella)], Davidson [1866, desc. of PI. Ill] Do.

lepis [Lingulella], Davidson [1868, pp. 307-308] Do.

Davidson [1871, PI. XLIX, figs. 31 and 31a] Do.

Holm [1898, p. 148] Do.

Moberg and Segerberg [1906, pp. 62-63] Do.

Salter [1866b, p. 334] Do.

Salter and Etheridge [1881, p. 538] Do.

lepis [Lingulella ct.], Matthew [1903, p. 204] Do.

lepis? [Lingulella], Westerg^rd [1909, p. 57] Do.

Wiman [1902, pp. 66 and 71] Do.

Leptaena barabuensis "Whitfield [1878, p. 60] Syntrophia barabuensia.

Whitfield [1882, pp. 171-172 and 195] Do.

Leptsena melita Hall and Whitfield [1877, p. 208] Variety of Eoorthis desmopleura.

(Leptembolon) [Obolus], Mickwitz [1896, p. 199] Lingulella (Leptembolon).

Walcott [1908e, PI. XI, and pp. 142 and 144]. ... Do.

(Leptembolon) lingulaeformis [Obolus], Mickwitz [1896, pp. 200-204] Lingulella (Leptembolon) lingulseformis.

(Leptembolon) lingulaeformis solidus [Obolus], Mickwitz [1896, pp. 204-205] Do.

Leptobolus Matthew [1903, pp. 105-106] Lingulella.

Leptobolus atavus Matthew [1899b, pp. 200-201] Lingulella atava.

Matthew [1903, pp. 106-109] Do.

Leptobolus atavus insulse Matthew [1903, pp. 110-112] Lingulella atava insulee.

Leptobolus atavus tritavus Matthew [1903, p. 109] Lingulella torrentis.

Leptobolus? collicia Matthew [1899b
, p . 200] Lingulella collicia

.

Leptobolus collicia Matthew [1903, pp. 112-113] Do.

Leptobolus colHcia collis Matthew [1903, pp. 114-115] Do.

Leptobolus flumenis Matthew [1903, pp. 189-190] Lingulella flumenis.

Leptobolus gemmulus Matthew [1903, pp. 190-192] Lingulella ferruginea.

Leptobolus grandis Matthew [1894, pp. 91-92] Lingulella grandis.

Leptobolus cf . grandis Matthew [1902c, p. Ill] Does not equal Lingulella grandis. It is not

referred in this monograph.

Leptobolus linguloides Matthew [1902b, p. 407] Lingulella ferruginea.

Matthew [1903, p. 193] Do.

Leptobolus cf. linguloides Matthew [1902b, p. 407] Do.

Matthew [1903, pp. 192-193] Do.

Leptobolus torrentis Matthew [1903, pp. 74-75] Lingulella torrentis.

lesleyi [Huenella], Walcott [1908d, p. 110] Huenella lesleyi.

levisensis [Acrothele], Walcott [1908d, p. 85] Acrothele levisensis.

liani [Acrotreta], Walcott [1905a, p. 300] Acrotreta lisani.

limoensis [Acrotreta], Wiman [1902, p. 54] Acrotreta uplandica limoensis.

limonensis [Acrotreta uplandica], Walcott [1905a, p. 303] Do.

lindstromi [Billingsella] , Walcott [1905a, pp . 238-239] Billingsella lindstromi

.

lindstromi [Obolella], Walcott [1901, pp. 674-675] Obolella? lindstromi.

lindstromi [Orthis], Linnarsson [1876, pp. 10-12] Billingsella lindstromi.

lineolatus [Obolus (Lingulella)], Walcott [1898b, pp. 408-409] Lingulella lineolata.

Lingula acuminata Billings [1863, p. 102] Lingulella (Lingulepis) acuminata.

Chapman [1863, p. 187] Do.

Chapman [1864, p. 159] Do.

Conrad [1839, p. 64] Do.

Emmons [1855, p. 203] Do.

Hall [1847, p. 9] Do.

Lingula acutangula Koemer [1849, p. 420] Lingulella acutangula.

Roemer [1852, p. 90] Do.

Lingula agnostorum Wallerius [1895, pp. 64—65] Lingulella agnostorum.

Lingula ampla Hall [1863, p. 125] Lingulella ampla.

Hall [1867, pp. 101-102] Do.

Owen [1852, p. 583] Do.

Lingula ancilla Barrande [1879b, PI. CXI, fig. vi] Obolus? ancillus.

Lingula antiqua Billings [1856, p. 34] Lingulella (Lingulepis) acuminata.

Emmons [1842, p. 268] Do.

Emmons [1863, p. 92] Do.

Hall [1847, pp. 3-4] Do.
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Lingula antiqua Hall [1851, pp. 204-205] Lingulella (Lingulepis) acuminata.

Hall [1862, fig. 2, p. 21] Do.

Hayden[1862, p. 73] Do.

James [1895, p. 884] Do.

Owen [1851, p. 170] Do.

Rogers [1861, p. 390] Obolue (Westonia) rogersi.

Lingula antiquata Emmons [1855, pp. 202-203] Lingulella (Lingulepis) acuminata.

Lingula attenuata Bornemann [1891, pp. 437-438] Lingulella bornemanni.

Lingula aurora Hall [1861, p. 24] Obelus (Westonia) aurora.

Hall [1862, p. 21] Do.

Hall [1863, pp. 126-127] Do.

Hall [1867, pp. 103-104] Do.

Sardeson [1896, p. 95] Do.

Lingula atu:ora var. Hall [1863, pp. 127-128] Obolus (Westonia) stoneanus.

Hall [1867, pp. 104-106] Do.

Lingula bavarica Barrande [1868a, p. 100] Obolus? bavaricus.

Barrande [1868b, pp. 690-691] Do.

Lingula belli Billings [1859, pp. 431-432] Obolus belli.

Billings [1863. figs. 47a-b, p. 124] Do.

Lingula billingsana Matthew [1903, p. 205] Lingulella bellula.

Lingula billingsiana Whiteaves [1878, p. 226] Lingulella billingsiana.

Lingula cf. billingsiana Matthew [1894, p. 93] Lingulella grandis.

Lingula bottnica Wiman [1902, p. 51] Obolus (Westonia) bottnicus.

Lingula? bryograptorum Moberg and Segerberg [1906, p. 63] Lingulella lepis.

Westergard [1909, p. 57] Do.

Lingula cedens Barrande [1868a, p. 102] Lingulella cedens.

Barrande [1868b, pp. 691-692] Do.

Lingula? corrugata Moberg and Segerberg [1906, p. 63] Lingulella lepis.

Westergard [1909, p. 57] Do.

Lingula cyane Billings [1865a, p. 216] Obolus cyane.

Lingula dakotensis Meek and Hayden [1865, p. 3] Lingulella (Lingulepis) acuminata.

TOiitfield [1880, pp. 337-338] Do.

Lingula davidsoni Barrande [1879b, PI. CIV, figs, viii: 1^] Lingulella davidsoni.

Lingula davisi McCoy [1851b, pp. 405^06] Lingulella davisi.

McCoy [1854, p. 252] Do.

Lingula cf. davisi Schmidt [1881, p. 17, fig. 5] Obolus (Mickwitzella) siluricus.

Lingula? dawsoni Matthew MS. [1884] Lingulella ferruginea.

Walcott [1884a, p. 15] Do.

Lingula dolata Sardeson [1896, p. 95] Obolus dolatus.

Lingula aff. exungui Gtirich [1896, p. 214] Lingulella siemiradzkii.

Lingula cf. exunguis Giirich [1892, p. 69] Do.

Siemiradzki [1886, p. 672] Do.

Lingula (?) favosa Linnarsson [1869a, pp. 356-357] Obolella (Glyptias) favosa.

Linnarsson [1869b, p. 406] Do.

Lingula feistmanteli Barrande [1879b, Pis. CVI and CX] Obolus feistmanteli.

Lingula hawkei Roualt Not taken up in this monograph ; it

not equal Mickwitzia sp. undt.

Lingula hawkei? Bornemann [1891, p. 439] Mickwitzia sp. undt.

Lingula humillima Barrande [1868a, p. 101] Lingulella? humillima.

Barrande [1868b, p. 691] Do.

Lingula iuchoans Barrande [1868a, p. 102] Acrotreta inchoans.

Barrande [1868b, p. 692] Do.

Lingula insons Barrande [1879b, PI. CV, figs, x: 1-6] Lingulella? insons.

Lingula iole Billings [1865a, p. 21.'^] Lingulella iole.

Lingula Irene Billings [1862d, pp. 71-72] Lingulella irene.

Billings [1863, p. 230] Do.

Lingula iris Billings [1865a, p. 301] Lingulella iris.

Lingula? kiurensis Waagen [1885a, pp. 768-769] Lingulella kiurensis.

Waagen [1891, PI. II, figs. 17a-b] Do.

Lingula lamellosa Barrande [1879b, PI. CVI, figs, i: 1-5; PL CXI, figs.

IX : 1-3] Obolus (Westonia?) lamellosus.

lingula? lens Matthew [1901a, pp. 274-275] Lingulella lens.

Lingula? lepis Davidson [1866, p. 54] Lingulella lepis.

Lingula lepis Salter [1859, p. 543] Do.
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Lingula? manticula Walcott [1884b, pp. 13-14] Lingulella punctata.

White [1874, pp. 9-10] Lingulella arguta (in part) and L. manti-

cula (in part).

White [1877, pp. 52-53, PI. Ill, fig. 2a] Lingulella arguta. The text also includes

L. manticula.

RTiite [1877, p. 52, PI. Ill, fig. 2b] Lingulella manticula. The text includes

L. arguta.

Lingula matthewi Hartt [1868, p. 644] Acrothele matthewi.

Hartt [1878, p. 644] Do.

Hartt [1891. p. 644] Do.

Lingula? miranda Barrande [1879b, PL CXI]. Obelus? mirandus.

Lingula? monilifera Lirmarsson [1869a, p. 344] Mickwitzia monilifera.

Lingula monilifera Linnarsson [1869b, p. 398] Do.

Lingula mosia Hall [1863, p. 126] Lingulella mosia.

Hall [1867, pp. 102-103] Do.

Sardeson [1896, p, 95] Do.

Lingula? ordovicensis Moberg and Segerberg [1906, p. 63] Lingulella lepis.

Lingula ovata Emmons [1842, p. 105] Lingulella prima.

McCoy [1846, p. 24] Lingula ovata, not Lingulella davisi.

McCoy [1854, p. 254] Lingulella davisi (in part) and Lingula

ovata (in part).

Lingula petalon Bornemann [1891, p. 438] Obolus? meneghinii.

Davidson [1868, p. 308] Does not equal Obolus ? meneghinii.

Davidson [1871, p. 337] Does not equal Obolus ? meneghinii.

Lingula pinnaformis Owen [1852, p. 583] Lingulella (Lingulepis) acuminata.

Lingula pinneeformis Hall [1862, p. 435, and fig. 3, p. 21] Do.

Lingula polita Hall [1861, p. 24] Dicellomus politus.

Lingula? polita Hall [1862, pp. 21 and 435] Do.

Lingula polita Whitfield [1862, p. 136] Do.

Lingula prima Billings [1856, p. 34] Lingulella (Lingulepis) acuminata.

Emmons [1855, p. 202] Lingulella prima.

Hall [1847, p. 3] Do.

Hall [1851, p. 204]. . Lingulella (Lingulepis) acuminata.

Hayden [1862, p. 73] Probably equals Lingulella (Lingulepis)

acuminata.

Owen [1851, p. 170] Lingulella (Lingulepis) acuminata.
Rogers [1861, p. 390] 01>olus (Westonia) rogersi.

Lingula? producta Moberg and Segerberg [1906, p. 63] lingulella lepis.

Lingula pygmsea Davidson [1866, p. 53] Lingulella (Lingulepis?) pygmaea.
Matley [1902, p. 141] Do.

Phillips [1871, p. 68] Do.

Salter [1865, p. 102] Do,

Lingula roualti Bornemann [1891, p. 439] Kutorgina sardiniaensis.

Lingula? signata Barrande [1868a, p. 103] Lingulella signata.

Barrande [1868b, p. 692] Do.

Lingula simplex Barrande [1879b, PI. CIV, figs, vi: 1-4] Lingulella? simplex.

?Liugula squamosa Davidson [1866, p. 41] Lingulella (Lingulepis?) squamosa.
Lingula squamosa Holl [1865, p. 102] Do.

Lingula? warthi Waagen [1885a, pp. 769-770] Lingulella kiurensis.

Waagen[1891,Pl. Il.figs. 18a-b] Do.

Lingula winona Hall [1863, p. 126] Lingulella winona.
Hall [1867, p. 102] Do.
Sardeson [1896. p. 96] Do.

Lingula wirthi Barrande [1868a, p. 101] Lingulella wirthi.

Barrande [1868b, p. 691] Do.
Lingula sp. Davis [1846, p. 70] Lingulella davisi.

Sedgwick [1847, pp. 140, 143, and 147] Do.
Lingula? sp. No. 1 Wiman [1902, p. 51] Obolus (Westonia) wimani.

No. 2 Wiman [1902, p. 52] Obolus (Westonia) alandensis.

Lingula or Lingulella sp. Linnarsson [1876, pp. 15-16] Doubtfully equals Lingulella ferruginea.
Lingula (Glossina) acuminataHa 11 and Clarke [1892c, PI. I, figs. 1 and 2]. .Lingulella (Lingulepis) acuminata sequens.
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Lingula (Lingulella) Oehlert, [1887, p. 1261] Lingulella.

Lingula (Lingulella?) lepis Brogger [1882, p. 44] Lingulella lepis.

Lingula (Lingulella) lepis Davidson [1866, desc. of PI. Ill] Do.

Lingula (Lingulepis) Oehlert [1887, p. 1261] Lingulella (Lingulepis).

lingulse-comes [Tellinomya], McCoy [1851a, p. 56] Lingulella davisi.

Salter Does not equal Lingulella davisi.

lingulseformis [Obolus (Leptembolon)], Mickwitz [1896, pp. 200-204] Lingulella (Leptembolon) lingulseformis.

lingulseformis solidus [Obolus (Leptembolon)], Mickwitz [1896, pp. 204-

205] Do.

"Lingulella Bornemann [1891, pp. 435-437] Lingulella.

Dall [1870, pp. 153 and 159] Do.

Dall [1877, p. 44] Do.__

Davidson [1866, p. 55] Do.

Davidson [1868, p. 304] Do.

Delgado [1904, p. 367] Do.
• Grabauand Shimer [1907, p. 192] Obolus (Westonia).

Hall and Clarke [1892a, pp. 282-233] Lingulella (in part) and Botsfordia (in part)

Hall and Clarke [1892b, pp. 548-549] Lingulella.

Hall and Clarke [1892c, pp. 55-59] Lingulella (in part), Botsfordia (in part),

Obolus (Westonia) (in part), etc.

Matthew [1899b, p. 201] Lingulella.

Matthew [1902c, p. 103] Do.

Matthew [1903, p. 116] Do.

Meek [1871, pp. 186-187] Do.

Salter [1866b, p. 383] Do.

Salter and Etheridge [1881, p. 537] Do.

Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

Zittel [1880, pp. 663-664] Do.

(Lingulella) [Lingula], Oehlert [1887, p. 1261] Do.

(Lingulella) [Obolus], Walcott [1898b, pp. 390-392] Do.

Walcott [1901, p. 683] Do.

(Lingulella) acutangulus [Obolus], Walcott [1898b, pp. 393 and 394, Pis.

XXVII and XXVIII] Lingulella acutangula.

Lingulella? affinis Billings [1872b, p. 468] Obolus (Lingulobolus) affinis.

Billings [1874, p. 67] Do.

Lingulella affinis Billings [1882, pp. 15-16] Do.

Lingulella ampla Schuchert [1897, p. 257] Lingulella ampla.

(Lingulella) amplus [Obolus], Walcott [1898b, pp. 392 and 394, PL XXVIII] Do.

(Lingulella) argutus [Obolus] Walcott [1898b, p. 396] Lingulella arguta.

(Lingulella) atavus [Obolus], Walcott [1902, pp. 609-610] Lingulella atava.

(Lingulella) auga [Obolus], Walcott [1898b, pp. 396-397] Lingulella auga.

Lingulella aurora Grabau and Shimer [1907, p. 193] Obolus (Westonia) aurora.

Hall [1873, pp. 244-245] Do.

Hall and Clarke [1892c, PI. II, figs. 12 and 13] Do.

Lingulella aurora var. Hall [1873, pp. 244-245] Obolus (Westonia) stoneanus.

(Lingulella) bellulus [Obolus], Matthew [1903, p. 205] Lingulella bellula,

Walcott [1898b, p. 398] Do.

(Lingulella) bellus [Obolus] , Matthew [1903 , p . 204] Lingulella bella,

Walcott [1898b, pp. 397-398] Do.

Walcott [1901, pp. 685-687] Lingulella bella (in part), L. concinna (in

part), and L. lens (in part).

(Lingulella) bicensis [Obolus], Walcott [1901, p. 688] Botsfordia ceelata.

Lingulella? billingsana Schuchert [1897, p. 256] Lingulella grandis (in part) and L.

billingsiana (in part).

(Lingulella) bornemanni [Obolus], Walcott [1901, pp. 687-688] Lingulella bornemanni.

Lingulella buttsi Walcott [1908d, pp. 70-71] Lingulella buttsi.

Lingulella cselata Ford [1878, pp. 127-128] Botsfordia caelata.

Hall and Clarke [1892a, PI. Ill, figs. 1-4] Do.

Hall and Clarke [1892c, pp. 57 and 58] Do.

Walcott [1886b, p. 95] Do.

Walcott [1887, p. 199, PI. I, fig. 16] Do.

Walcott [1891a, p. 607] Do.

(Lingulella) canius [Obolus], Walcott [1902, pp. 610-611] Lingulella cania.
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(Lingulella) celatus [Obolus], Walcott [1898b, PI. XXVI, figs. 1 and 2] ....Obolus (Schmidtia) celatus.

(Lingulella) chinensis [Obolus], Walcott [1905a, pp. 328-329] Obolus chinensis.

(Lingulella) cliuarensis [Obolus], Walcott [1898b, p. 399] Obolus (Westonia) chuarensis.

Lingulella clarkei Walcott [new] Lingulella clarkei.

Lingulella? coelata Matthew [1895a, p. 126] Botsfordia caelata.

(Lingulella) collicia [Obolus], Walcott [1902, p. 610] Lingulella collicia.

Lingulella concinna Matthew [1901a, pp. 273-274] Lingulella concinna.

Matthew [1903, pp. 203-204] Do.

(Lingulella) concinnus [Obolus], Walcott [1902, pp. 608-609] Do.

Lingulella? cuneata Matthew [1894, pp. 92-93] Lingulella grandis.

(Lingulella) cuneolus [Obolus], Walcott [1899, p. 443] Lingulella cuneola.

(Lingulella) damesi [Obolus], Walcott [1905a, p. 329] Obolus damesi. (See Lingulella damesi,

p. 489.)

Lingulella davisi Davidson [1868, pp. 304 and 306] Lingulella davisi.

Hall and Clarke [1892a, p. 232] Do.

Hall and Clarke [1892b, p. 548] Do.

Hall and Clarke [1892c, pp. 56 and 57] Do.

Meek[1871, pp. 186-187] Do.

Salter [1866b, pp. 333-334] Do.

Lingulella davisii Davidson [1866, pp. 56 and 57] Do.

Hall [1873, PL XIII, fig. 4] Do.

Roemer [1876, PL II, figs. 5a-c] Do.

Salter [1867, pp. 44 and 52] Do.

Salter and Etheridge [1881, pp. 537-538] Do.

Lingulella cf . davisii Kayser [1897, p. 280] Do.

Matthew [1902b, pp. 407-i08] Do.

Matthew [1903, p. 203] Do.

(Lingulella) davisii [Obolus], Walcott [1898b, pp. 394 and 395] Do.

Lingulella dawsoni Hall and Clarke [1892c, p. 58] Lingulella ferruginea.

Matthew [1886, pp. 33-34, PL V, figs. 9, 9a-c] Lingulella martinensis. The text includes

L. ferruginea.

Matthew [1886, pp. 33-34, PI. V, fig. 9d] Lingulella ferruginea. The text includes

L. martinensis.

Lingulella delgadoi Walcott [new] Lingulella delgadoi.

(Lingulella) desideratus [Obolus], Walcott [1898b, pp. 399^00] Lingulella desiderata.

Walcott [1899, pp. 445^46, PI. LX, fig. 2], . Do.

Walcott [1899, pp. 445-446, PL LX,
fig. 2a] Obolus rotundatus.

(Lingulella) discoideus [Obolus], Walcott [1901, p. 673] Obolus discoideus.

(Lingulella) dubius [Obolus], Walcott [1898b, p. 401] Lingulella dubia.

Lingulella ella Hail and Clarke [1892c, p. 58, figs. 19 and 21] Obolus (Westonia) ella. The text includes

also specimens representing Lingulella

dubia.

Hall and Clarke [1892c, p. 58, fig. 20] Lingulella dubia.

Pack [1906, p. 295] Obolus (Westonia) ella.

Walcott [1886b, pp. 97-98, PI. VII, fig. 2; PL VIII, figs. 4,

4a, 4d-e] Obolus (Westonia) ella. The text includes

also specimens representing Lingulella

dubia.
.

Walcott [1886b, pp. 97-98, PL VIII, figs. 4b-c] Lingulella dubia. The text includes Obo-

lus (Westonia) ella.

Walcott [1891a, p. 607, PI. LXVII, figs. 2c-d] Lingulella dubia. The text includes

Obolus (Westonia) ella.

Walcott [1891a, p. 607, PI. LXVII, figs. 2, 2a-b, and 2e] . . . .Obolus (Westonia) ella. The text includes

also specimens representing Lingulella

dubia.

(Lingulella) ella [Obolus], Walcott [1898b, PL XXVIII, figs. 5-8] Obolus (Westonia) ella.

(Lingulella) ellsi [Obolus], Walcott [1898b, p. 402] Lingulella ellsi.

Lingulella (?) escasoni Matthew [1901a, pp. 270-273] Obolus (Westonia) escasoni.

(Lingulella) euglyphus [Obolus], Walcott [1898b, pp. 402-403] Obolus (Westonia) euglyphus.
Lingulella? cf. Lingula favosa Matthew [1888, pp. 28-29] Botsfordia pulchra.

Lingulella ferruginea Davidson [1868, pp. 306-307] Lingulella ferruginea.
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Lingulella ferruginea Davidson [1871, pp. 336-337] Lingulella ferruginea.

Davidson [1SS3, PI. XVII, fig. 35] Do.
Delgado [1904, pp. 368-369] Lingulella delgadoi.

Matthew [1903, p. 108] Lingulella ferruginea.

Salter [Salter and Hicks, 1867, p. 340] Do.
Salter and Etheridge [1881, p. 538] Do.

Lingulella cf . ferruginea Kayser [1897, p. 280] Do.
Lingulella ferruginea ovalis Davidson [1868, p. 307] Do.

Hicks [Salter and Hicks, 1867, p. 341] Do.
(Lingulella) fragilis [Obolus], Walcott [1898b, p. 404] Obolus fragilis.

(Lingulella) franklinensis [Obolus], Walcott [1898b, pp. 404^05] Lingulella franklinensis.

Lingulella fuchsi Redlich [1899, p. 7] Lingulella fuchsi.

(Lingulella) fuchsi [Obolus], Walcott [1905a, p. 332] Do.
(Lingulella) gemmulus [Obolus], Walcott [1901, p. 673] Lingulella ferruginea.

Lingulella genei Pack [1906, p. 295] Lingulella dubia.

Lingulella granvillensis Delgado [1904, pp. 367-368] Lingulella delgadoi.

Hall and Clarke [1892c, p. 58] Lingulella granvillensis.

Oehlert [1889, p. 1138] Do.

Walcott [1887, pp. 188-189]. Do.
Walcott [1891a, pp. 607-608] Do.

Lingulella cf
.
granvillensis Matthew [1895a, pp . 114-115] Lingulella martinensis.

Lingulella gregwa Matthew [1899b, pp. 199-200] Lingulella (Lingulepis) gregwa.
(Lingulella) hayesi [Obolus], Walcott [1898b, pp. 405^06] Lingulella hayesi.

Lingulella heberti Barrois [1882, pp. 185-186] Lingulella heberti.

(Lingulella) helena [Obolus], Walcott [1898b, p. 406] Lingulella helena.

Lingulella? inflata Matthew [1886, p. 33] Acrotreta infiata.

Matthew [1895a, p. 127] Do.
Matthew [1898a, p. 128] Do.

Lingulella? inflata ovalis Matthew [1895a, p. 127] Do.
(Lingulella) ino [Obolus], Walcott [1898b, pp. 406^07] Lingulella ino.

Lingulella Irene Schuchert [1897, p . 257] Lingulella Irene.

(Lingulella) isse [Obolus], Walcott [1905a, p. 330] Lingulella isse.

Lingulella Isevis Matthew [1892, p. 39] Lingulella lavis.

Lingulella laevis grandis Matthew [1903, pp. 200-201] Lingulella iKvis grandis.

Lingulella isevis lens Matthew [1903, pp. 201-203] Lingulella lens.

Lingulella lamborni Keyes [1894, pp. 38-39] Obolus lambomi.
Lingulella? lamborni Meek [1871, pp.' 185-187] - Do.

(Lingulella) lamborni minimus [Obolus], Walcott [1898b, p. 407] Obolus lamborni minimus.
Lingulella lens Matthew [1903, pp. 205-206] Lingulella lens.

(Lingulella) lens [Obolus], Walcott [1902, pp. 606-607] Do.

(Lingulella) leos [Obolus], Walcott [1898b, pp. 407^08] Lingulella leos.

Lingulella lepis Davidson [1868, pp. 307-308] Lingulella lepis.

Davidson [1871, PL XLIX, figs. 31 and 31a] Do.

Holm [1898, p. 148] Do.

Moberg and Segerberg [1906, pp. 62-63]. Do.

Salter [1866b, p. 334] Do.

Salter and Etheridge [1881, p. 538] Do.

Lingulella lepis? Westerg&rd [1909, p. 57] Do.

Wiman [1902, pp. 66 and 71] Do.

Lingulella cf. lepis Matthew [1903, p. 204] Do.
(Lingulella) lepis [Lingula], Davidson [1866, desc. of PI. Ill] Do.

(Lingulella?) lepis [Lingula], Brogger [1882, p. 44] Do.

(Lingulella) lineolatus [Obolus], Walcott [1898b, pp. 408^09] Lingulella lineolata.

Lingulella linguloides Matthew [1886, p. 34] Lingulella ferruginea.

Lingulella cf. linguloides Delgado [1904, pp. 369-370] Lingulella delgadoi.

(Lingulella) linnarssoni [Obolus], Walcott [1901, p. 688] Lingulella linnarssoni.

Lingulella longovalis Matthew [1903, pp. 123-125] Lingulella triparilis.

Lingulella mcconnelli Matthew [1902c, p. 108] Obolus mcconnelli.

Walcott [lS89c, p. 441] Do.
Linguella? msera Hall and Clarke [1892c, p. 61] Obolus msera.

Walcott [1897a, p. 404] Do.

(Lingulella) majra [Obolus], Walcott [1899, p . 443] Do.
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Lingulella martinensis Matthew [1890, pp . 155-156] Lingulella martinensis

.

Matthew [1895a, pp. 113-114] Do.

Lingulella? matinahs Walcott [1897a, p. 404] Obolus matinalis.

(Lingulella) matinalis [Obolus], Walcott [1899, p. 443] Do.

Lingulella minuta Schuchert [1897, p. 257] Linnarssonella minuta.

(Lingulella) mosia osceola [Obolus], Walcott [1898b, p. 409] Lingulella mosia osceola.

(Lingulella) nanno [Obolus], Walcott [1898b, p. 409] Lingulella nanno.

Lingulella? nathorsti Linnarsson [1876, pp. 15-16] Lingulella nathorsti.

Lingulella nicholsoni Callaway [1874, p. 196] Lingulella nicholsoni.

Callaway [1877, pp. 668-669] Do.

Davidson [1883, pp. 208-209] Do.

Lingulella nicholsoni? Matley [1902, p. 141] Do.

(Lingulella) orus [Obolus], Walcott [1905a, p. 330] Lingulella ora.

(Lingulella) oweni [Obolus], Walcott [lS98b, p. 410] Lingulella oweni.

(Lingulella) pelias [Obolus], Walcott [1905a, pp. 330-331] Obolus mcconnelli pelias.

(Lingulella) perattenuatus [Obolus], Walcott [1899, p. 443] Lingulella perattenuata.

(Lingulella) phaon [Obolus], Walcott [1898b, pp. 410-411] Lingulella phaon.

(Lingulella) pogonipensis [Obolus], Walcott [1898b, pp. 411^12] Lingulella pogonipensis.

Lingulella? prima Hall and Clarke [1892c, p. 69] Lingulella prima.

Lingulella primseva Davidson [1883, p. 208] Lingulella? primseva.

Hicks [1871, p. 401] Do.

Hicks [1881, p. 297] Do.

Salter and Etheridge [1881, p. 538] Do.

(Lingulella) prindlei [Obolus], Walcott fl898b, p. 412] Obolus prindlei.

(Lingulella) punctatus [Obolus], Walcott [1898b, pp. 412-413] Lingulella punctata.

(Lingulella) quadrilateralis [Obolus], Walcott [1905a, p. 331] Lingulella quadrilateralia.

Lingulella radula Matthew [1891, pp. 147-148] Lingulella radula.

Lingulella radula aspera Matthew [1903, pp. 204-205] Do.

(Lingulella) randomensis [Obolus], Walcott [1901, pp. 688-689] Lingulella randomensis.

Lingulella roberti Matthew [1895b, pp. 256-257] Lingulella (Lingulepis) roberti.

Lingulella rogersi Grabau [1900, pp . 624-625] Obolus (Westonia) rogersi

.

(Lingulella) rogersi [Obolus], Walcott [1898b, pp. 413^15] Do.

(Lingulella) rotundatus [Obolus], Walcott [1898b, p. 415] Obolus rotundatus.

(Lingulella) schmalenseei [Obolus], Walcott [1902, p. 605] Obolus schmalenseei.

(Lingulella) schucherti [Obolus], Walcott [1901, pp. 689-690] Lingulella schucherti.

Lingulella selwyni Matthew [1895b, pp. 255-256] Obolus selwyni.

Matthew [1903, pp. 62-63] Do.

Matthew [1903, pp. 116-123] Do.

(Lingulella) septalis [Obolus], Walcott [1905a, p. 331] Obolus septalis.

(Lingulella) siemiradzkii [Obolus], Walcott [1901, pp. 690-691] Lingulella siemiradzkii.

(Lingulella) similis [Obolus], Walcott [1898b, pp. 41.5-416] Lingulella similis.

(Lingulella) sinoe [Obolus], Walcott [1898b, pp. 416-417] Obolus sinoe.

(Lingulella) spatulus [Obolus], Walcott [1902, p. 607] Lingulella (Lingulepis) spatula.

Lingulella? spissa Billings [1872b, pp. 468^69] Obolus (Lingulobolus) spissus.

Billings [1874, pp. 67-68] Do.

Billings [1882, p. 15] Do.

Lingulella starri Matthew [1891, pp. 146-147] Lingulella (Lingulepis) starri.

Lingulella starri minor Matthew [1892, pp. 58-59] Lingulella minor.

Lingulella stoneana Hall and Clarke [1892c, PL II, figs. 9-11] Obolus (Westonia) stoneanus.

Weller [1903, p. 112] Do.

Whitfield [1882, pp. 344-345] Do.

(Lingulella) tarpa [Obolus], Walcott [1898b, pp. 417-418] - Lingulella tarpa.

Lingulella texana Walcott [1908d, p. 71] .Lingulella texana.

Lingulella tumida Matthew [1899b, p. 200] Lingulella tumida.

Matthew [1903, p. 123] Do.

Lingulella unguiculus Salter [1866a, p. 285] Lingulella ferruginea.

(Lingulella) upis [Obolus], Walcott [1905a, pp. 331-332] Lingulella upis.

Lingulella wanniecki Redlich [1899, p- 7] Lingulella wanniecki.

(Lingulella) wanniecki [Obolus], Walcott [1905a, p. 332] Do.

(Lingulella) welleri [Obolus], Walcott [1902, p. 608] Lingulella welleri.

(Lingulella) willisi [Obolus], Walcott [1898b, pp. 418-419] Obolus willisi.

Lingulella winona Schuchert [1897, p. 258] Lingulella winona.

{Lingulella) winona convexus [Obolus], Walcott [1901, p. 691] Lingulella winona convexa.
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(Lingulella) zetus [Obolus], Walcott [1898b, p. 419] Obolus zetus.

Lingulella zeus Walcott [new] Lingulella zeus.

Lingulella sp. Kayser [1883, p. 35] Obolus? sp. undt. f.

Kayser [1883, pp. 35-36] Lingulella davisi.

Lingulella sp. [Lingula or], Linnarsson [1876, pp. 15-16] Doubtfully referred to Lingulella ferruginea.

Lingulella sp. undt. Linnarsson [1879, p. 25] Lingulella ferruginea.

Lingulella (?) sp. Pompeckj [1896b, p. 509] Lingulella cf. ferruginea.

Lingulella? sp. No. 1 Wiman [1902, p. 52] Obolus (Westonia) wimani.

Lingulella? sp. No. 2 Wiman [1902, p. 52] Do.

Lingulella? sp. No. 3 Wiman [1902, p. 52] Obolus (Westonia) alandensis.

Lingulella? sp. No. 4 Wiman [1902, p. 52] Obolus (Westonia) balticus.

Lingulella? sp. No. 5 Wiman [1902, p. 52] Obolus (Westonia) alandensis.

Lingulella? sp. No. 6 Wiman [1902, p. 52] Obolus (Westonia) balticus.

Lingulella? sp. No. 7 Wiman [1902, p. 52] Obolus (Westonia) wimani.

Lingulella (Acrothyra?) inflata Matthew [1902b, p. 390] Acrotreta inflata.

Lingulella (Lingulepis) Walcott [1908e, PL XI and pp. 142 and 144] Lingulella (Lingulepis).

Lingulella (Lingulepis) acuminata sequens Walcott [1908d, p. 72] Lingulella (Lingulepis) acuminata sequens.

Lingulella (Westonia) ella Grabau and Shimer [1907, p. 193] Obolus (Westonia) ella.

Lingulepis Dall [1870, pp. 154 and 161] Lingulella (Lingulepis).

Grabau and Shimer [1907, p. 193] Do.

Hall [1863, p. 129] Do.

Hall [1867, p. 106] Do.

Hall and Clarke [1892a, pp. 231-232] Do.

Hall and Clarke [1892b, pp. 547-548] Do.

Hall and Clarke [1892c, pp . 59-62, and 164] Do.

Matthew [1902c, p. 102] Do.

Matthew [1903, p. 126] Do.

Meek [1871, pp. 186-187] Do.

Meek and Hayden [1865, pp. 1 and 2] Do.

Schuchert [1897, p. 258] Do.

Walcott [1897a, p. 404] Do.

Zittel [1880, p. 664] Do.

(Lingulepis) [Lingula], Oehlert [1887, p. 1261] Do.

(Lingulepis) [Lingulella], Walcott [1908e, PI. XI, and pp. 142 and 144]... . Do.

(Lingulepis) [Obolus], Walcott [1899, pp. 443^44] Do.

Walcott [1901, p. 683] : Do.

Lingulepis acuminata Dwight [1886, p. 208] Lingulella (Lingulepis) acuminata.

Matthew [1895b, pp. 257-258] Do.

Schuchert [1897, p. 259] Do.

Walcott [1897a, p. 404] Do.

Lingulepis acuminata meeki Delgado [1904, pp. 366-367] Lingulella delgadoi.

(Lingulepis) acuminata sequens [Lingulella], Walcott [1908d, p. 72] Lingulella (Lingulepis) acuminata se-

quens.

(Lingulepis) acuminatus [Obolus], Walcott [1899, p. 443] Lingulella (Lingulepis) acuminata.

(Lingulepis) acuminatus meeki [Obolus], Walcott [1899, p. 444] Lingulella (Lingulepis) acuminata meeki.

Lingulepis acutangulus Schuchert [1897, p. 259] Lingulella acutangula.

Lingulepis affinis Walcott [1889a, p. 381] Obolus (Lingulobolus) affinis.

Lingulepis cuneolus Schuchert [1897, p. 259] Lingulella perattenuata (in part).

Whitfield [1877, pp. 8-9] Lingulella cuneola.

A^Tiitfield [1880, p. 336] Do.
>

Lingulepis ella Hall and \Vhitfield [1877, p. 232] Obolus (Westonia) ella.

Walcott [1897a, p. 404] Do.

(Lingulepis) eros [Obolus], Walcott [1905a, p. 333] Lingulella (Lingulepis) eros.

Lingulepis gregwa Matthew [1903, pp. 56-57, and 126-131] Lingulella (Lingulepis) gregwa.

(Lingulepis) gregwa [Obolus], Walcott [1901, pp. 692-694] Lingulella atava (in part), L. tumida (in

part), L. cania (in part), L. (Lingulepis)

gregwa (in part), and L. (L.) exigua.

Lingulepis gregwa robusta Matthew [1903, pp. 57 and 131] Lingulella (Lingulepis) gregwa robusta.

Lingulepis longinervis Matthew [1903, pp. 133-135] Lingulella (Lingulepis) longinervis.

Lingulepis lusitanica Delgado [1904, pp. 365-366] Delgadella lusitanica.

Lingulepis msera Hall and Whitfield [1877, p. 206] Obolus maera.

Walcott [1884b, pp. 12-13] Do.

Lingulepis matinalis Hall [1863, p. 130] Obolus matinalis.

Hall [1867, p. 107] Do.
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Lingulepis meeki Walcott [1897a, p . 405] Lingulella (Lingulepis) acuminata meeki

.

Lingulepis minima Dwight [1886, p. 208] Lingulella (Lingulepis) acuminata.

Whitfield [1884, p. 141] Do.

Lingulepis? minuta Hall and ^^1litfield [1877, pp. 206-207] Linnarssonella minuta.

Walcott [1884b, p. 13] Linnarssonella minuta (in part).

Lingulepis perattenuatus Whitfield [1877, p . 9] Lingulella perattenuata.

"WTiitfield [1880, p. 337] Do.

Lingulepis pinnaformis Hall [1863, pp. 129-130, PI. VI, figs. 12 and 13] ....Obolus matinalis. "

Hall [1863, pp. 129-130, PI. VI, figs. 14-16] Lingulella (Lingulepis) acuminata.

Hall [1867, p. 107, PL I, figs. 12 and 13] Obolus matinalis.

Hall [1867, p. 107, PI. I, figs. 14-16] Lingulella (Lingulepis) acuminata.

Wliitfield [1880, p. 335] Do.

Whitfield [1882, pp. 169-170] Do.

Lingulepis pinniformis Dwight [1886, p. 208] Do.

Grabauand Shimer [1907, p. 193] Do.

Hall and Clarke [1892a, p. 232] Do.

Hall and Clarke [1892b, p. 548] Do.

Hall and Clarke [lS92c, p. 60] Do.

Meek and Hayden [1865, pp. 2-3] Do.

Schuchert [1897, p. 260] Do.

Lingulepis prima Grabau and Shimer [1907, p. 193] Do.

Meek and Hayden [1865, p. 3] Dicellomus politus.

Miller [1877, p. 115] Lingulella prima.

Schuchert [1897, p. 260] Lingulella prima (in part).

(Lingulepis) primus [Obolus], Walcott [1901, p. 673] Lingulella prima.

Lingulepis pumila Matthew [1903, p. 75] Lingulella (Lingulepis) pumila.

Lingulepis roberti Matthew [1903, p. 132] Lingulella (Lingulepis) roberti.

Lingulepis rotunda Matthew [1903, p. 199] Lingulella rotunda.

(Lingulepis) rowei [Obolus], Walcott [1905a, p. 334] Lingulella (Lingulepis) rowei.

Lingulepis .starri Matthew [1903, p. 195] Lingulella (Lingulepis) starri.

Lingulepis starri exigua Matthew [1903, pp. 197-198] Lingulella (Lingulepis) exigua.

Lingulepis starri var. Matthew [1903, pp. 193-197] Do.

(Lingulepis) sp. undt. [Obolus], Walcott [1906, pp. 567-568] Lingulella (Lingulepis) sp. undt.

lingulicomes [Tellinomya], McCoy [1854, p. 274] Lingulella davisi.

Lingulobolus Matthew [1895b, pp. 260-261] Obolus (Lingulobolus).

(Lingulobolus) [Obolus], Walcott [1901, p. 683] Do.

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

Lingulobolus affinis Grabau [1900, pp. 621-622] Obolus (Lingulobolus) affinis.

Matthew [1895b, pp. 261-262] Do.

(Lingulobolus) affinis [Obolus], Walcott [1898a, p. 327] Do.

Lingulobolus afiinis cuneata Matthew [1895b, p. 262] Do.

(Lingulobolus) spissus [Obolus], Walcott [1898a, p. 327] Obolus (Lingulobolus) spissus.

linguloides [Davidsonella], Waagen [1885a, pp. 764-766] Neobolus warthi.

linguloides [Lakhmina], Freeh [1897, PL lA, figs. 4a-b] Do.

Hall and Clarke [1892a, p. 234] Do.

Hall and Clarke [1892b, p. 550] Do.

Hall and Clarke [1892c, p. 28] Do.

Oehlert [1887, p. 1265] Do.

Waagen [1891, PL II, figs. 3 and 4] Do.

linguloides [Leptobolus], Matthew [1902b, p. 407] Lingulella ferruginea.

Matthew [1903, p. 193] Do.

linguloides [Leptobolus cf .], Matthew [1902b, p. 407] Do.

Matthew [1903, pp. 192-193] Do.

linguloides [Lingulella], Matthew [1886, p. 34] ,
Do.

linguloides [Lingulella cf .], Delgado [1904, pp. 369-370] Lingulella delgadoi.

Linnarssonella Walcott [1902, pp. 601-602] Linnarssonella.

Walcott [19C8e, PI. XI, and pp. 142 and 146] Do.

Linnarssonella broadheadi Walcott [1902, p. 601] Linnarssonella girtyi.

Linnarssonella girtyi Walcott [1902, pp. 602-603] Do.

Linnarssonella minuta Walcott [1902, pp. 603-604] Linnarssonella minuta.

Linnarssonella modesta Walcott [1908d, pp. 90-91] Linnarssonella modesta.

Linnarssonella nitens Walcott [1908d, p. 91] Linnarssonella nitons.

Linnarssonella tennesseensis Walcott [1902, pp. 604-605] Linnarssonella tennesseensis.

Linnarssonella transversa Walcott [1908d, p. 92] Linnarssonella transversa.
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Linnarssonella urania Walcott [1908d, pp. 92-93] Linnarssonella m-ania.

linnarssoni [Obolus (Lingulella)], Walcott [1901, p. 688] Lingulella linnarssoni.

linnarssoni [Orthis], Kayser [1883, p. 34] Eoorthis linnarssoni.

linnarssoni [Orthis (Plectorthis)], Walcott [ 905a, p. 266] Do.

Linnarssonia Dawson [1890, pp. 53-54] Acrotreta.

Grabau and Shimer [1907, p. 200] Either Acrotreta or Acrothele. (Seep. 631.)

Halland Clarke [1892a, p. 251] Acrotreta.

Hall and Clarke [1892b, p. 567] Do.

Hall and Clarke [1892c, pp. 107 and 109] Do.

Matthew [1886, p. 35] Do.

Matthew [1892, p. 42] Do.

Walcott [1885a, p. 115] Do.

Linnarssonia belti Matley [1902, p. 145] Acrotreta belti.

Linnarssonia belti? Matthew [1892, pp. 42-43] (?) This species is not specifically referred

in this monograph; it does not belong

with Acrotreta belti.

Linnarssonia cf . belti Matthew [1903, pp. 209-210] (?) This species is not specifically referred

in this monogTaph; it does not belong

with Acrotreta belti.

Linnarssonia belti magna Matthew [1897b, pp. 169-170] Acrotreta sagittalis magna.

Linnarssonia misera Hall and Clarke [1892c, pp. 108-109] Acrotreta misera.

Matthew [1886, pp. 35-36] Do.

Linnarssonia? nitida Walcott [1901, p. 673] Acrothele nitida.

Linnarssonia pretiosa Grabau and Shimer [1907, p. 200] Either Acrotreta sagittalis or Acrothele pre-

tiosa. (See p. 652.)

Hall and Clarke [1892c, p. 70] Acrotreta sagittalis.

Schuchert [1897, p. 262] Acrotreta sagittalis (in part) and Acrothele

pretiosa (in part).

Walcott [1901, p. 673] Acrothele pretiosa.

Linnarssonia cf. pretiosa Hall [1890, p. 55] Acrotreta sagittalis.

(Linnarssonia) pretiosa [Obolella], Dawson [1890, pp. 53-54] Do.

Linnarssonia sagittalis Freeh [1897, PI. IA, fig. 3a] Do.

Hall and Clarke [1892c, p. 108] Do.

Walcott [1885a, p. 115] Do.

Walcott [1889c, p. 442] Acrotreta depreeaa.

Walcott [1891a, PL LXVIII, figs. 2a-d] Acrotreta sagittalis.

Linnarssonia sagittalis taconica Walcott [1889b, p. 36] Acrotreta sagittalis taconica.

Walcott [1891a, pp. 610-611] Do.

Linnarssonia sagittalis transversa Freeh [1897, PI. lA, fig. 3b] Acrotreta sagittalis transversa.

Walcott [1891a, desc. of PI. LXVIII, figs.

2a, 2c-d] Do.

Linnarssonia taconica Oehlert [1889, p. 1138] Acrotreta sagittalis taconica.

Walcott [1887, pp. 189-190] Do.

Linnarssonia transversa Hall and Clarke [1892a, PL III, figs. 22 and 23] Acrotreta sagittalis transversa.

Hall and Clarke [1892c, p. 108] Do.

Matthew [1886, p. 35] Do.

Matthew [1895a, p. 125] Do.

Walcott [1885a, p. 115] Do.

logani [Iphidea], Walcott [1897b, pp. 711-712] Micromitra (Paterina) logani.

longinervis [Lingulepis], Matthew [1903, pp. 133-135] Lingulella (Lingulepis) longinervis.

longovalis [Lingulella], Matthew [1903, pp. 123-125] Lingulella triparilis.

longus [Obolus (Palseobolus) lens], Matthew [1903, pp. 146-147] Obolus (Palseobolus) bretonensis lens.

longus [Obolus (Schmidtia) obtusus], Mickwitz [1896, pp. 171-172] Obolus (Schmidtia) obtusus.

loperi [Obolus], Walcott [1898b, pp. 389-390] Obolus loperi.

(Loperia) [Protorthis], Walcott [1905a, p. 287] Protorthis (Loperia).

Walcott [1908e, PL XI, and pp. 142 and 147] Do.

(Loperia) dougaldensis [Protorthis], Walcott [1905a, pp. 287-288] Protorthis (Loperia) dugaldensis.

louise [Micromitra (Iphidella)], Walcott [1908d, pp. 56-57] Micromitra (Iphidella) louise.

lowi (Nisusia Jamesella), Walcott [1908d, p. 98] Nisusia (Jamesella) lowi.

(Lucina) antiquissimus [Obolus], Eichwald [1843b, pp. 142-144] Obolus (Acritis) antiquissimus.

lusitanica [Lingulepis], Delgado [1904, pp. 365-366] Delgadella lusitanica.

lyncioides [Orthis lenticularis], Matthew [1892, p. 49] Orusia lenticularis lyncioides.

Matthew [1903, p. 216] Do.

lyncioides [Orthis (Orusia) lenticularis], Walcott [1905a, p. 277] Do.
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mcconnelli [Lingulella], Matthew [1902c, p. 108] Obolus mcconnelli.

Walcott [18S9c, p. 441] Do.

mcconnelli [Obolus], Walcott [1908c, PL I, fig. 2] Do.

Walcott [1908c, PL I, fig. 2a] Obolus septalis.

mcconnelli decipiens [Obolus], Walcott [new] Obolus mcconnelli decipiens.

macra [Nisusia (Jamesella) perpasta], Walcott [1905a, p. 255] Nisusia (Jamesella) perpasta macra.

macra [Orthis perpasta], Pompeckj [1896b, p. 516] Do.

maculata [Obolella], Davidson [1868, p. 311] Acrothele maculata.

Davidson [1871, p. 341] Do.

Delgado [1904, p. 364] Acrothele villaboimensis.

Salter [1866a, p. 285] Acrothele maculata.

maera [Lingulella?], Hall and Clarke [1892c, p. 61] Obolus msera.

Walcott [1897a, p. 404] Do.

msera [Lingulepis], Hall and Whitfield [1877, p. 206] Do.

Walcott [1884b, pp. 12-13] Do.

msera [Obolus (Lingulella)], Walcott [1899, p. 443] Do.

magna [Acrotreta sagittalis], Walcott [1902, pp. 595-596] Acrotreta sagittalis magna.
magna [Linnarssonia belti], Matthew [1897b, pp. 169-170] Do.

major [Billingsella], Walcott [1905a, p. 239] Billingsella major.

Walcott [1908d, p. 101] Do.

major [Iphidella], Walcott [1905a, p. 304] Micromitra (Paterina) major (in part) and
M. (P.) williardi (in part).

major [Mickwitzia?], Mickwitz [1896, p. 23] Rustella? major.

major [Obolus?], Matthew [1890, p. 155] Do.

maladensis [Iphidella pannula], Walcott [1905a, p. 306] Micromitra (Iphidella) pannulamaladensis.
malvemensis [Acrotreta (?) sabrinse], Matley [1902, pp. 143-144] Acrotreta sabrinse.

manitouensis [Schizambon], Walcott [new] Schizambon manitouensis.

manticula [Lingula?], Walcott [1884b, pp. 13-14] Lingulella punctata.

White [1874, pp. 9-10] Lingulella arguta (in part) and L. manti-

cula (in part).

White [1877, pp. 52-53, PL III, fig. 2a] Lingulella arguta. The text also includes

L. manticula.

White [1877, p. 52, PL III, fig. 2b] Lingulella manticula. The text includes

L. arguta.

marion [Billingsella], Walcott [1908d, p. 102] Billingsella marion.

marjumensis [Acrotreta], Walcott [1908d, pp. 94-95] Acrotreta marjumensis.

martinensis [Lingulella], Matthew [1890, pp. 155-156] Lingulella martinensis.

Matthew [1895a, pp. 113-114] Do.

matinalis [Lingulella?], Walcott [1897a, p. 404] Obolus matinalis.

matinalis [Lingulepis], Hall [1863, p. 130] Do.

Hall [1867, p. 107] Do.

matinalis? [Obolus], Walcott [1905a, p. 325] Obolus matinalis?.

matinalis [Obolus (Lingulella)], Walcott [1899, p. 443] _. Obolus matinalis.

matthewi [Acrothele], Grabau and Shimer [1907, p. 200, fig. 234f] Acrothele matthewi.

Grabau and Shimer [1907, p. 200, fig. 234g] Acrothele prima.

Hall and Clarke [1892a, PL III, fig. 24] Acrothele matthewi.
Hall and Clarke [1892c, pp. 99 and 100] Do.

Matthew [1886, pp. 39-41] Do.

Matthew [1895a, p. 128] Do.

Matthew [1902b, pp. 397 and 402] Do.

Matthew [1903, p. 104] Do.

Walcott [1884a, p. 15] Do.

Walcott [1886b, p. 109] Do.

Walcott [1891a, p. 609] Do.

matthewi [Lingula], Hartt [1868, p. 644] Do.

Hartt [1878, p. 644] Do.
Hartt [1891, p. 644] Do.

matthewi costata [Acrothele], Matthew [1895a, p. 128] Acrothele prima costata.

Matthew [1902b, p. 397] Do.
Matthew [1903, p. 104] Do.

matthewi ervx [Acrothele], Walcott [1905b, p. 11] Acrothele matthewi eryx.
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matthewi lata [Acrothele], Hall and Clarke [1892a, PI. Ill, figs. 25 and 26].Acrotliele matthewi lata.

Hall and Clarke [1892c, PI. Ill, figs. 26-28]. ... Do.

Matthew [1886, p. 41] Do.

Matthew [1895a, PL V, figs. 8a-b] Do.

Matthew [1903, p. 104] Do.

matthewi multicostata [Acrothele], Matthew [1897b, p. 168] Acrothele matthewi multicostata.

matthewi prima [Acrothele], Hall and Clarke [1892a, PI. Ill, fig. 27] Acrothele prima.

Hall and Clarke [1892c, PL III, fig. 25] Do.

Matthew [1886, p. 41] Do.

Matthew [1895a, PI. V, figs. 7a-b] Do.

Matthew [1902b, pp. 397 and 402] Do.

Matthew [1903, p. 104] Do.

maximus [Obolus apoUinis], Mickwitz [1896, pp. 140-143] Obolus apoUinis maximus.

meeki [Lingulepis], Walcott [1897a, p. 405] Lingulella (Lingulepis) acuminata meeki.

meeki [Lingulepis acuminata], Delgado [1904, pp. 366-367] Lingulella delgadoi.

meeki [Obolus (Lingulepis) acuminatus], Walcott [1899, p. 444] Lingulella (Lingulepis) acuminata meeki.

Meekina prima Walcott [1905a, p. 313] Linnarssonella tennesseensis.

melita [Dalmanella], Schuchert [1897, p. 202] Variety of Eoorthis desmopleuia.

melita [Leptasna], Hall and Whitfield [1877, p. 208] Do.

membranaceous [Obolus], Walcott [1908d, p. 61] Obolus membranaceus.

meneghini [Obolus (?)], Walcott [1901, p. 684] Obolus? meneghinii.

Metoptoma sabrinae Callaway [1874, p. 196] Acrotreta sabrinse.

(Mickwitzella) [Obolus], Walcott [1908d, p. 70] Obolus (Mickwitzella).

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

mickwitzi [Obolus], Walcott [1898b, pp. 386-387] Obolus mickwitzi.

Mickwitzia Hall and Clarke [1892a, p. 246] Mickwitzia.

Hall and Clarke [1892b, p. 562] Do.

Hall and Clarke [1892c, pp. 86-87] Do.

Schmidt [1888, p. 24] Do.

Walcott [1908e, PL XI, and pp. 142 and 143] Do.

Mickwitzia? major Mickwitz [1896, p. 23] Rustella? major.

Mickwitzia monilifera Hall and Clarke [1892a, figs. 253-255, p. 246] Mickwitzia monilifera.

Hall and Clarke [1892b, figs. 253-255, p. 562] Do.

Hall and Clarke [1892c, p. 86] Do.

Schmidt [1888, pp. 21-23 and 24-25] Do.

Walcott [1891a, PL LXX, figs. 2, 2a-h] Do.

Wiman [1902, p. .53] Do.

Mickwitzia occidens Walcott [1908d, p. 54] Mickwitzia occidens.

Mickwitzia pretiosa Walcott [1908d, pp. 54-55] Mickwitzia pretiosa.

Micromitra Meek [1873, p. 479] Micromitra.

Walcott [1908e, PL XI, and pp. 142 and 143] Do.

(Micromitra) [Paterina], Schuchert [1905, p. 329] Do.

Micromitra haydeui Walcott [1908d, pp. 55-56] Micromitra haydeni.

Micromitra scotica Walcott [new] Micromitra scotica.

Micromitra sculptilis endlichi Walcott [1908d, p. 56] Micromitra sculptilis endlichi.

Micromitra zenobia Walcott [new] Micromitra zenobia.

Micromitra (Iphidella) Walcott [1908e, PL XI, and pp. 142 and 143] Micromitra (Iphidella).

Micromitra (Iphidella) louise Walcott [1908d, pp. 56-57] Micromitra (Iphidella) louise.

Micromitra (Iphidella) nyssa Walcott [1908d, p. 57] Micromiti-a (Iphidella) nyssa.

Micromitra (Iphidella) pannula Walcott [1908c, p. 244, PL I, figs. 1, la-c].Microiuitra (Iphidella) pamnula.

Micromiti-a (Paterina) Walcott [1908e, PL XI, and pp. 142 and 143] Micromiti-a (Paterina).

Micromitra (Paterina) labradorica var. undt. Walcott [new] Micromitra (Paterina) labradorica var. undt.

Micromitra (Paterina) stissingensis ora Walcott [new] Micromitra (Paterina) stissingensis era.

Micromitra (Paterina) stuarti Walcott [1908d, p. 58] Micromitra (Paterina) stuarti.

Micromitra (Paterina) wapta Walcott [1908d, p. 59] Micromitra (Paterina) wapta.

Micromitra (Paterina) williardi Walcott [1908d, p. 60] Micromitra (Paterina) williardi.

microscopica [Discina], Shumard [1861, p. 221] Acrotreta microscopica.

microscopica missouriensis [Acrotreta], Walcott [1902, p. 590] Acrotreta microscopica missouriensis.

microscopica tetonensis [Acrotreta], Walcott [1902, p. 590] Acrotreta microscopica tetonensis.

minima [Lingulepis], Dwight [1886, p. 208] Lingulella (Lingulepis) acuminata.

Whitfield [1884, p. 141] Do.

minimus [Obolus?], Barrande [1879b, PL XCV, figs, ii: 1-5] Acrotreta? minima.
minimus [Obolus], Walcott [1905a, pp. 325-326] Obolus minimus.
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mmiinus [Obolus (Lingulella) lambomi], Walcott [1898b, p. 407] Obolus lamborni minimus.

minor [Acrothyra], Walcott [1905a, p. 303] Acrothyra minor.

minor [Camarella], Hall and Clarke [1893b, p. 221] Obolella minor.

minor [Camarella?], Walcott [1891a, p. 614] Do.

minor [Camerella], Walcott [1890b, pp. 36-37] Do.

minor [Lingulella starri], Matthew [1892, pp. 58-59] Lingulella minor.

minor [Obolella], Clark and Mathews [1906, p. 252] Obolella minor.

minor [Obolus?], BaiTande [1868a, p. 105] Obolus? minor.

Barrande [1868b, p. 693] Do.

minor [Protorhyncha?], Schuchert [1897, p. 334] Obolella minor.

minuta [Acrothele?], Walcott [1905a, p. 303] Acrothele? minuta.

minuta [Acrotreta], Walcott [1901, p. 673] linnarssonella minuta.

minuta [Lingulella], Schuchert [1897, p. 257] Do.

minuta [Lingulepis?], Hall and ^^^litfield [1877, pp. 206-207] Do.

Walcott [1884b, p. 13] Linnarssonella minuta (in part).

minuta [Linnarssonella], Walcott [1902, pjj. 603-604] Linnarssonella minuta.

minuta [Obolella?], Walcott [1897a, p. 404] Do.

minuta [Obolella], Walcott [1899, p. 443] Do.

minutissima [Kutorgina], Hall and Whitfield [1877, pp. 207-208] Micromitra sculptilis.

minutus [Obolus (Schmidtia) obtusus], Mickwitz [1896, pp. 175-177] Obolus (Schmidtia) obtusus.

miqueli [Yorkia], Walcott [new] Yorkia miqueli.

miranda [Lingula?], BaiTande [lS79b, PI. CXI] Obolus? mirandus.

miser [Acrotreta], Walcott [1902, pp. 590-591] Acrotreta misera.

miser [Obolella?], Billings [1872b, pp. 470-471] Do.

Billings [1874, p. 69] Do.

misera [Linnarssonia], Hall and Clarke [1892c, pp. 108 and 109] Do.

Matthew [1886, pp. 3.5-36] Do.

missouriensis [Acrotreta microscopica], Walcott [1902, p. 590] Acrotreta microscopica missouriensis.

mobergi [Obolella], Walcott [1901, pp. 673-674] Obolella mobergi.

Mobergia Redlich [1899, pp. 5-6] Botsfordia.

Mobergia granulata Redlich [1899, pp. 5-6] Botsfordia gi-anulata.

modesta [Linnarssonella], Walcott [1908d, pp. 90-91] Linnarssonella modeata.

Monobolina refiilgens Matthew [1903, pp. 210-213] Obolus refulgens.

(Monobolina) refulgens [Obolus], Matthew [1902c, p. 98] Do.

monilifer [Obolus?], Linnarsson [1871, pp. 9-10] Mickwitzia monilifera.

monilifera [Lingula?], Linnarsson [1869a, p. 344] Do.

monilifera [Lingula], Linnarsson [1869b, p. 398] Do.

monilifera [Mickwitzia], Hall and Clarke [1892a, figs. 253-255, p. 246] Do.

Hall and Clarke [1892b, figs. 253-255, p. 562] Do.

Hall and Clarke [1892c, p. 86] Do.

Schmidt [1888, pp. 21-23 and 24-25] Do.

Walcott [1891a, PI. LXX, figs. 2, 2a-h] Do.

Wiman [1902, p. 53] Do.

montanensis [Polytoechia?], Walcott [1905a, pp. 295-296] Clarkella? montanensis.

mosia [Lingula], Hall [1863, p. 126] Lingulella mosia.

Hall [1867, pp. 102-103] Do.

Sardeson [1896, p. 95] Do.

mosia osceola [Obolus (Lingulella)], Walcott [1898b, p. 409] Lingulella mosia osceola.

multicostata [Acrothele matthewi], Matthew [1897b, p. 168] Acrothele matthewi multicostata.

murrayi [Obolus?], Billings [1865b, p. 362] Obolus? murrayi.

N.

namouna [Obolus], Walcott [1898b, p. 390] Obolus namouna.

nana [Obolella], Billings [1862d, pp. 67-68] Dicellomus nanus.

Hall and Clarke [1892c, pp. 69-70] Do.

Hayden [1862, p. 73] Do.

Meek and Hayden [1862, pp. 435^36] Do.

Meek and Hayden [1865, p. 4] Do.

Walcott [1886b, p. Ill] Do.

\Miitfield [1880, pp. 340-341] Do.

nanno [OboWs (Lingulella)], Walcott [1898b, p. 409] Lingulella nanno.
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nanus [Dicellomus], Walcott [1899, p. 447] Lingulella desiderata (in part) and Dicello-

mus nanus (in part).

Walcott [1905a, pp. 314-315] Dicellomus nanus.
nathorsti [Lingulella?], Linnarsson [1876, pp. 15-16] Lingulella nathorsti.

nautes [Protorthis], Walcott [lg05a, pp. 283-284] Nisiisia (Jamesella) nautes.
neboensis [Acrotreta], Walcott [1905a, pp. 300-301] Acrotreta neboensis.
nebulosa [Genre? sp.], Barrande [1868a, pp. 105-106] Orbiculoidea contraria.

Barrande [1868b, pp. 693-694] Do.
Neobolus Hall and Clarke [1892a, p. 245] Neobolus.

Hall and Clarke [1892b, p. 561] Do.
Hall and Clarke [1892c, p. 84] Do.
Oeblert [1887, p. 1263] : Do.
Waagen [1885, pp. 756-758] Do.
Walcott [1908d, pp. 72-76] Do.
Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

Neobolus wartbi Freeh [1897, PL lA, figs. 5a-b] Neobolus warthi.

Hall and Clarke [lS92a, p. 245] Do.
Hall and Clarke [1892b, p. 561] Do.

Hall and Clarke [1892c, p. 84] Do.
Oehlert [1887, p. 1263] Do.
Waagen [1885, pp. 758-759] Do.
Waagen [1891, PL II, figs. 5-9] Do.

Neobolus wynnei Waagen [1885, pp. 759-761].
.

'. Do.

Waagen [1891, PL II, figs. 10 and 11] Do.

newberryi [Eoorthis], Walcott [190Sd, p. 105] Eoorthis newberryi.
'

newtonensis [Orthis], Weller [1903, pp. 113-114] Eoorthis newtonensis.

newtonensis [Orthis (Plectorthis)], Walcott [1905a, p. 267] Do.

nicholsoni [Acrotreta?], Davidson [1868, pp. 313-314] Acrotreta nicholsoni.

Davidson [1871, pp. 343-344] Do.

nicholsoni [Acrotreta], Davidson [1883, p. 213] Do.
Hall and Clarke [1892c, p. 103] Do.

Swanston [1877, PL VII, figs. 21a-c] Do.

Swanston [1886, PL VII, figs. 21a-c] Do.

nicholsoni [Acrotreta sp. cf,], Matley [1902, p. 142] Acrotreta sabrinse.

nicholsoni [Lingulella], Callaway [1874, p. 196] Lingulella nicholsoni.

Callaway [1877, pp. 668-669] Do.

Davidson [1883, pp. 208-209] Do.

nicholsoni? [Lingulella], Matley [1902, p. 141] Do.

ninus [Obolus tetonensis], Walcott [1905a, p. 328] Obolus tetonensis ninus.

nisus [Iphidella], Walcott [1905a, p. 305] Micromitra nisus.

Nisusia Grabau and Shimer [1907, p. 210] Nisusia.

Walcott [1905a, pp. 247-248] Do.

Walcott [1908e, PL XI, and pp. 142 and 147] Do.

Nisusia alberta Walcott [1905a, pp. 248-249] Nisusia alberta.

Walcott [1908c, p. 245] Do.

Nisusia festinata Grabau and Shimer [1907, p. 211] Nisusia festinata.

Walcott [1905a, pp. 249-251] Do.

Nisusia festinata transversa Walcott [1905a, p. 251] Nisusia festinata transversa.

Nisusia rara Walcott [1908d, p. 97] Nisusia rara.

Nisusia (Jamesella) Walcott [1905a, p. 252] '.Nisusia (Jamesella).

Walcott [190Se, PL XI, and pp. 142 and 147] Do.

Nisusia (Jamesella) amii Walcott [1905a, p. 252] Nisusia (Jamesella) amii.

Nisusia (Jamesella) argenta Walcott [1905a, p. 252] Nisusia (Jamesella) argenta.

Nisusia (Jamesella) erecta Walcott [1905a, p. 253] Nisusia (Jamesella) erecta.

Nisusia? (Jamesella?) kanabensis Walcott [1908d, pp. 97-98] Nisusia? (Jamesella?) kanabensij.

Nisusia (Jamesella) kuthani Walcott [1905a, pp. 253-254] Nisusia (Jamesella) kuthani.

Nisusia (Jamesella) lowi Walcott [1908d, p. 98] Nisusia (Jamesella) lowi.

Nisusia (Jamesella) perpasta Walcott [1905a, pp . 254-255] Nisusia (Jamesella) perpasta

.

Nisusia (Jamesella) perpasta macra Walcott [1905a, p. 255] Nisusia (Jamesella) perpasta macra.

Nisusia (Jamesella) perpasta subquadrata Walcott [1905a, p. 255] Nisusia (Jamesella) perpasta subquadrata.

Nisusia (Jamesella) utahensis Walcott [1905a, pp. 255-256] Nisusia (Jamesella) utahensis.

Nisusia (Jamesella) sp. undt. Walcott [1905a, p. 256] Nisusia (Jamesella) sp. undt.

nitens [Linnarssonella], Walcott [1908d, p. 91] Linnarssonella nitens.

nitida [Linnarssonia?], Walcott [1901, p. 673] Acrothele nitida.
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nitida [Obolella], Ford [1873, p. 21.3] Acrothele nitida.

Grabau and Shimer [1907, p. 189] Do.

Hall and Clarke [1892c, p. 70] Do.

Walrott [1886b, pp. 118-119] Do.

Walcott [1891a, p. 612] Do.

notchensis [Obolus (Westonia)], Walcott [190Sd, p. 69] Obolus (Westonia) notchensis.

nox [Acrotreta], Walcott [1905a, p. 301] Acrotreta nox.

nundina [Obolus], Walcott [1905a, p. 326] Obolus nundina.

nundina [Syntrophia], Walcott [1905a, p. 292] Syntrophia nundina.

nunnebergensis [Protortbis?], Walcott [190.5a, p. 284] Protorthis? hunnebergensis.

nympha [Orthis (Plectorthis) desmopleura], Walcott [190.5a, p. 262] Eoorthis desmopleura nympha.

nyssa [Micromitra (Iphidella)], Walcott [190Sd, p. 57] Micromitra (Iphidella) nyssa.

O.

Obolella Billings [1861b, p. 7] Obolella.

Billings [1861c, p. 946] Do.

Billings [1862c, pp. 420-421] Do.

Billings [1862e, p. 218] Do.

Billings [1872a, pp. 217-218] Do.

Billings [1872c, pp. 355-357] Do.

Billings [1876, pp. 176-178] Do.

Dall[1870, pp. 1.54 and 163] Do.

Davidson [1866, p. 60] Do.

Davidson [1868, pp. 308-309] Do.

Davidson [1871, pp. 338-339] Do.

Ford [1881, pp. 131-134] Do.

Grabau and Shimer [1907, p. 188] Do.

Hall [1863, p. 131] Do.

Hall [1867, p. 108] Do.

Hall and Clarke [1892a, pp. 240-241] Obolella (in. part) and Dicellomus (in part).

Hall and Clarke [1892b, pp. 556-557] Do.

Hall and Clarke [1892c, pp. 66-73 and 164-165] Obolella (in part), Dicellomus (in part),

Bicia (in part), Obolus (in part), etc.

Matthew [1892, pp. 39^0] Obolella.

Meek and Hayden [1865, pp. 3^] Do.

Mickwitz [1896, pp. 116, 121, and 123-126] Do.

Oehlert [1887, p. 1262] Do.

Obolella? Walcott [1884b, pp. 67-68] Do.

Obolella Walcott [1886b, pp. 109-112] Do.

Walcott [190Se, PI. XI, and pp. 142 and 145] Do.

Zittel[1880, p. 664] Do.

Obolella? ambigua Walcott [1884b, pp. 67-68] Elkania amblgua.

Obolella asiatica Walcott [1905a, p. 297] Obolella asiatica.

Obolella atlantica Burr [1900, p. 47] Obolella atlantica.

Gorham[1905, PL I, figs. 2a-c] Do.

Grabau [1900, pp. 620-621] Do.

Grabau and Shimer [1907, p. 188] Do.

Matthew [1899d, p. 70] Do.

Walcott [1890b, p. 36] Do.

Walcott [1891a, p. 611] Do.

Obolella cf. atlantica Delgado [1904, p. 364] Obolella? sp. undt.

Obolella belti Davidson [1868, pp. 310-311] Acrotreta belti.

Davidson [1871, pp. 340-341] Do.

Obolella cselata Billings [1872a, p. 218] Botsfordia caelata.

Obolella chromatica Billings [1861b, pp. 7-8] Obolella chromatica.

Billings [1861c, p. 947] J Do.

Billings [1862e, p. 219] Do.

Billings [1863, p. 284] Do.

Billings [1876, pp. 176-178] Do.

Ford [1881, p. 133] Do.

Hall [1863, p. 132] Do.

Hall [1867, p. 110] Do.

Hall and Clarke [1892c, p. 67] Do.

von Toll [1899, p. 27] (?) (See p. 592.)



70 CAMBRIAN BRACHIOPODA.

Present reference.

Obolella chromatica Walcott [1885a, pp. 115 and 117] Obolella crassa.

Walcott [1886b, p. 112] Obolella chromatica.

Walcott [1891a, p. 611] Do.

Walcott [1899, p. 446] Do
Walcott [1905a, p. 313] Do.

Obolella cingulata Billings [1863, p. 284, figs. 2S7a-b] Kutorgina cingulata.

Billings [1863, p. 284, fig. 287c] Rustella edsoni.

Obolella circe Billings [1872a, pp. 219-220] Quebecia circe.

Billings [1872c, pp. 357-358] Do.

Walcott [1886b, p. 118, PL X, fig. 3] Obolella chromatica. The text includes

Quebecia circe.

Walcott [1886b, p. 118, PI. X, fig. 3a] Quebecia circe.

Walcott [1891a, p. 611, PL LXXI, fig. 3] Obolella chromatica. The text includes

Quebecia circe.

Walcott [1891a, p. 611, PL LXXI, fig. 3a] Quebecia circe.

Obolella circe? Walcott [1891a, fig, 62, p. 611] Obolella crassa.

Obolella?? complexus Hall and Clarke [1892c, p. 73] Obolus complexus.

Obolella crassa Billings [1872a, p. 218] Obolella crassa.

BilUngs [1872c, p. 356] Do.

Bornemann [1891, pp. 439-440] Obolus? zoppi.

Ford [1878, p. 128] Obolella crassa.

Ford [1881, pp. 131-133] Do.

Ford [1886a, fig, 2, p. 466] Do.

Gorham [1905, PL I, figs, la-f] Obolella atlantica.

Grabau and Shimer [1907a, pp. 188-189] Obolella crassa.

Hall and Clarke [1892a, PL III, figs. 5-7] Do.

Hall and Clarke [1892c, p. 70] Do.

Shaler and Foerste [1888, p. 27] Obolella atlantica.

Walcott [1885b, p. 21] Obolella crassa.

Walcott [1886b, p. 114] Do.

Walcott [1891a, p. 612] Do.

Walcott [1905a, p. 321] Do.

Obolella crassa? Grabau [1900, pp. 619-620] Do.

Obolella crassa elongata Walcott [new] Obolella i

Obolella desiderata BilKngs [1862d, pp. 69-70] Elkania desiderata.

Davidson [186S, p. 309] Do.

Obolella? desiderata Walcott [1886b, p. Ill] Do.

Obolella desquamata Billings [1872a, p. 218] Obolella crassa.

Billings [1872c, p. 356]
". Do.

Obolella discoida Hall and Whitfield [1877 , p . 205] Obolus discoideus

.

Obolella? discoidea Hall and Clarke [1892c, p. 69] Do.

Obolella discoidea Walcott [1884b, p. 14] Do.

Obolella? discoidea Walcott [1886b, p. Ill] Do.

Obolella gamagei Hobbs [1899, pp. 114-115] Acrothele
j

Obolella gemma Billings [1872a, pp. 218-219] Bicia
j

BilUngs [1872c, p. 355] Do.

Hall and Clarke [1892c, pp. 69 and 71]
' Do.

Walcott [1886b, pp. 116-117] Do.

Walcott [1891a, p. 612] Do.

Obolella? gemmula Matthew [1892, pp. 41-42] Lingulella ferruginea.

Obolella (?) groomi Matley [1902, pp. 137 and 139] Obolella groomi.

Obolella ida BilUngs [1862d, p. 71] Elkania ida.

Obolella ida? Dawson [1888a, p. 55] Acrotreta sagittalis.

Dawson [1888b, p. 55] Do.

Obolella? ida Walcott [1886b, p. Ill] Elkania ida.

Obolella lindstromi Walcott [1901, pp. 674-675] Obolella? lindstromi.

Obolella maculata Davidson [1868, p. 311] Acrothele maculata.

Davidson [1871, p. 341] Do.

Delgado [1904, p. 364] Acrothele villaboimensis.

Salter [1866a, p. 285] Acrothele maculata.

Obolella minor Clark and Mathews [1906, p. 252] Obolella minor.

Obolella minuta Walcott [1899, p. 443] Linnarssonella minuta.

Obolella? minuta Walcott [1897a, p. 404] Do.
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Obolella? miser Billings [1872b, pp. 470-471] Acrotreta misera.

Billings [1874, p. 69] Do.

Obolella mobergi Walcott [1901, pp. 673-674] Obolella mobergi.

Obolella nana Billings [1862d, pp. 67-68] Dicellomus nanus.

Hall and Clarke [lS92c, pp. 69-70] Do.

Hayden [1862, p. 73] Do.

Meek and Hayden [1862, pp. 435-436] Do.

Meek and Hayden [186.5, p. 4] Do.

Walcott [1886b, p. Ill] Do.

Whitfield [1880, pp. 340-341] Do.

Obolella nitida Ford [1873, p , 213] Acrothele nitida.

Grabauand Shimer [1907, p. 189] Do.

Hall and Clarke [1892c, p. 70] Do.

Walcott [1886b, pp. 118-119] Do.

Walcott [1891a, p. 612] Do.

Obolella parvula Wallerius [1895, pp. 65-66] Acrotreta parvula.

Obolella pectenoides Schuchert [1897, p. 275] Dicellomus pectenoides.

Obolella? phillipsi Davidson [1866, pp. 62-63] Micromitra (Paterina) phillipsi.

Obolella phillipsi Holl [1865, p. 102] Do.

Phillips [1871, p. 68] Do.

Obolella phillipsia Dall [1877, p. 41] Do.

Obolella polita Billings [1862c, p. 421] Dicellomus politus.

Obolella? polita Hall [1863, pp. 133-134] Do.

Hall [1867, pp. 112-113] Do.

Obolella polita Hall and Clarke [1892c, pp. 72 and 73] Do.

Walcott [1886b, p. Ill] Do.

Whitfield [1880, pp. 339-840] Do.

Obolella pretiosa Billings [lS62d, pp. 68-69] Acrothele pretiosa.

Billings [1863, p. 230] Do.

Chapman [1863, p. 191] Do.

Chapman [1864, p. 163]
.' Do.

Obolella? pretiosa Walcott [lS86b, p. Ill] Do.

Obolella prima Whitfield [1884, pp. 142-143] Lingulella prima.

Obolella sabrinse Callaway [1877, p. 669] Acrotreta sabrinse.

Davidson [1883, p. 211] Do.

Hall and Clarke [1892c, p. 103] Do. .

Obolella sagittalis Brogger [1882, p. 45] Acrotreta sagittalis.

Davidson [1868, pp. 309-310] Do.

Davidson [1871, pp. 339-340] Do.

Davidson [1883, p. 211] Do.

Linnarsson [1876, pp. 19-20] Do.

Linnarsson [1879, pp. 27-28] Do.

Salter [1866a, p. 285] Do.

Obolella cf . sagittalis Wiman [1902, p. 66] Do.

Obolella sagittalis belli Davidson [1871, desc. of PI. L, figs. 15-17] Acrotreta belti.

Obolella? salteri Davidson [1868, p. 311] Obolus (Broggeria) salteri.

Obolella salteri Holl [1865, p. 102] Do.

Obolella (?) salteri Matley [1902, pp. 139-140] Do.

Obolella salteri Phillips [1871, p. 68] Do.

Obolella salteri? Davidson [1866, pp. 61-62] Do.

Obolella? scabrinse Walcott [1884b, PI. I, fig. Ic] Acrotreta sabrinae.

Obolella transversa Hartt [1868, p. 644] Acrotreta sagittalis transversa.

Hartt [1878, p. 644] Do.

Hartt [1891, p. 644] Do.

Walcott [1884a, p. 16] Do.

Obolella vermilionensis Walcott [new] Obolella vermilionensis.

Obolella wirrialpensis Etheridge [1905, p. 248] Obolella wirrialpensis.

Obolella wirrialpensis calceoloides Etheridge [1905, p. 249] Do.

Obolella sp. 3 Billings [1861b, p. 7] Dicellomus politus.

Billings [1861c, p. 946] Do.

Billings [1862e, p. 218] Do.

Obolella sp. (?) Bomemann [1891, p. 440] Obolus? meneghinii.

Obolella sp. Shaler and Foerste [1888, pp. 27-28] Obolella atlantica.
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Obolella (Acrotreta?) sagittalis Moberg and Segerberg [1906, p. 64] Acrotreta sagittalis.

Obolella (Glyptias) Walcott [1901, p. 675] Obolella (Glyptias)

.

Walcott [1908e, PL XI, and pp. 142 and 145] Do.
Obolella (Glyptias) favosa Walcott [1901, pp. 675-676] Obolella (Glyptias) favosa.

Obolella (Kutorgina) Dall [1S70, pp. 154 and 163] Kutorgina.

Obolella (Kutorgina) cingulata Billings [lS61b, pp. 8-9, figs. 8 and 10] Kutorgina cingulata.

Billings [1861b, p. 8, fig. 9] Rustella edsoni.

Billings [1861c, p. 948, figs. 347 and 349]. . . Kutorgina cingulata.

Billings [1861c, p. 948, fig. 348] Rustella edsoni.

Billings [1862e, p. 220, figs. 347 and 349] ... Kutorgina cingulata.

Billings [1862e, p. 220, fig. 348] Rustella edsoni.

Obolella (Linnarsaonia) pretiosa Dawson [1890, pp. 53-54] Acrotreta sagittalis.

Obolella (Orbicula) cselata Ford [1871, p. 33] Botsfordia crelata.

Obolella (Orbicula?) crassa Ford [1871, p. 33] Obolella crassa.

Obolellus? phillipsi Roemer [1876, PL II, figs. 6a-d] Micromitra (Paterina) phillipsi.

Obelus Dall [1870, pp. 154 and 162] Obolus.

Davidson [1853, pp. 135-136] Obolus (in part), O. (Acritis) (in part), and
. 0. (Mickwitzella) (in part).

Davidson [1866, p. 58] '. Obolus.

Davidson [1883, p. 218] Do.

Eichwald [1829, p. 274] Do.

Eichwald [1860, pp. 924-925] Obolus (in part), 0. (Acritis) (in part) and
O. (Mickwitzella) (in part).

Hall and Clarke [1892a, pp. 242-243] Obolus.

Hall and Clarke [1892b, pp. 558-559] Do.

Hall and Clarke [1892c, pp. 80-81 and 337-339] Do.

Kutorga [1848, pp. 250-253] Do.

Matthew [1892, pp. 43-44] Do.

Matthew [1903, p. 135] Do.
Mickwitz [1892, pp. 57-64] Do.

Mickwitz [1896, pp. H33 (127-129)] : Do.
Morris [1849, pp. 319-320] Do.

Oehlert [1887, p. 1261] Do.

de Verneuil [1845, p. 291] Do.

Walcott [1898b, pp. 385-386] Do.

Walcott [1901, pp. 681-683] Do.

Walcott [19088, PI. XI, and pp. 142 and 144] Do.

Zittel [1880, p. 664] Do.

Obolus acadica Walcott [1905a, pp. 324-325] Obolus acadicus.

Obolus? advena Barrande [1879b, PI. XCV, fig. iv] ' Obolus? advenus.

Obolus aequiputeis Matthew [1902c, p. 94] Obolus selwyni.

Matthew [1903, p. 139] Do.

Obolus anceps Walcott [1898b, pp. 388-389] Obolus anceps.

Obolus antiquissimus Eichwald [1859, PL XXXVII, figs. 5a-d] Obolus (Acritis) antiquissimus.

Eichwald [1860, pp. 928-929] Do.

Obolus apollinis Billings [1872a, p. 218] Obolus apollinis.

Billings [1872c, p. 356] Do.

Davidson [1853, figs. 51 and 52, p. 136, and PL IX, figs.

280-284] Do.

Davidson [1853, PL IX, fig. 285] Obolus (Acritis) antiquissimus.

Eichwald [1829, p. 274] Obolus apollinis.

Eichwald [1840, p. 167] Do.

Eichwald [1843b, p. 140] Do.

Eichwald [1860, pp. 925-926] Do.

Gagel [1890, pp. 21-22] Do.

Hall and Clarke [1892a, figs. 247 and 248, p. 242] Do.

Hall and Clarke [1892b, figs. 247 and 248, p. 558] Do.

Hall and Clarke [1892c, p. 80] Do.

Kutorga [1848, pp. 251 and 252] Do.

Matthew [1892, pp. 43-44] Do.

Mickwitz [1896, pp. 133-137] Do.

Moberg and Segerberg [1906, p. 65] Do.

Morris [1849, p. 316] Do.

Noetling [1883, p. 265] Do.
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Obolus apollinis Roemer [1876, PL II, figs. 7a-c] Obolus apollinis.

Roemer [1885, pp. 23-24 (270-271)] Do.

Schmidt [1861, p. 218] Do.

de Verneuil [1845, pp. 290-292] Obolus apollinis (in part), 0. apollinis

ingricus (in part), 0. (Acritis) antiquis-

simus (in part), and 0. (Mickwitzella)

siluricus (in part)

.

Walcott [1898b, PL XXVI, figs. 3-6] Obolus apollinis.

Westergird [1909, p. 56] Do.

Zittel [1880, figs. 4S8a-c, p. 664] Do.

Zittel [1880, fig. 488d, p. 664] , Obolus apollinis quenstedti.

Obolus apollinis ingricus Mickwitz [1896, pp. 137-140] Obolus apollinis ingricus.

Obolu.s apollinis maximus Mickwitz [1896, pp. 140-143] Obolus apollinis maximus.

Obolus apollinis quenstedti Mickwitz [1896, pp. 143-145] Obolus apollinis quenstedti.

Obolus appolinus? Owen [1852, p. 501] Dicellomus politus.

Obolus? bohemicus Barrande [1879b, PL CII, figs, vii: 1-3] Acrothele bohemica.

Obolus bretonensis Matthew [1902c, p. 95] .• Obolus (Palffiobolus) bretonensis.

Obolus celatus orbiculatus Moberg and Segerberg [1906, p. 65] .Obolus (Schmidtia) celatus.

WestergArd [1909, p. 56] Do.

Wiman [1902, p. 62] Do.

Obolus? coraplexus Barrande [lS79b, Pis. XCV, CXI, CXIII, and CLII]. .Obolus complexus.

Obolus discus Matthew [1902c, p. 94] Lingulella triparilis.

Obolus eichwaldi Mickwitz [1896, pp. 154-155] Obolus eichwaldi,

Obolus elegans Mickwitz [1896, pp. 157-158] Obolus elegans.

Obolus ella Matthew [1902c, pp. 96 and 110] Obolus (Westonia) ella.

Obolus? inflatus Westerg^rd [1909, p. 76] . .". Obolus? inflatus.

Obolus ingricus Eichwald [1829, p. 274] Obolus apollinis ingricus.

Eichwald [1843b, p. 140-141] Do.

Eichwald [1860, pp. 926-927] Do.

von Leuchtenberg [1843, p. 16] Do.

Obolus ismene Walcott [1905a, p. 325] Obolus ismene.

Obolus labradoricus Billings [1861b, p. 6] Micromitra (Paterina) labradorica

.

Billings [1861c, p. 946] Do.

Billings [1862e, p. 218] Do.

Billings [1863, p. 284] Do.

Obolus lens Matthew [1902c, p. 95] Obolus (Palseobolus) bretonensis lens.

Obolus lens-primus Matthew [1902c, pp. 94-95] Do.

Obolus loperi Walcott [1898c, pp. 389-390] Obolus loperi.

Obolus mcconnelli Walcott [1908c, PL I, fig. 2] Obolus mcconnelli.

Walcott [1908c, PL I, fig. 2a] Obolus septalis.

Obolus mcconnelli decipiens Walcott [new] Obolus mcconnelli decipiens.

Obolus? major Matthew [1890, p. 155] Rustella? major.

Obolus matinalis? Walcott [1905a, p. 325] Obolus matinalis?.

Obolus membranaceous Walcott [1908d, p. 61] Obolus membranaceus.

Obolus (?) meneghini Walcott [1901, p. 684] Obolus? meneghinii.

Obolus mickwitzi Walcott [1898b, pp. 386-387] Obolus mickwitzi.

Obolus? minimus Barrande [1879b, PL XCV, figs, ii: 1-5] Acrotreta? minima.

Obolus minimus Walcott [1905a, pp. 325-326] Obolus minimus.

Obolus? minor Barrande [1868a, p. 105] : Obolus? minor.

Barrande [1868b, p. 693]
.' Do.

Obolus? monilifer Linnarsson [1871, pp. 9-10] Mickwitzia monilitera.

Obolus? murrayi Billings [1865b, p. 362] Obolus? murrayi.

Obolus namouna Walcott |^1898b, p. 390] Obolus namouna.

Obolus nundina Walcott [1905a, p. 326] Obolus nundina.

Obolus obscurus Walcott [1905a, p. 326] Obolus obscurus.

Obolus obtusus? Moberg and Segerberg [1906, p. 65] Obolus (Schmidtia) obtusus.

Westergard [1909, p. 57] Do.

Wiman [1902, p. 63] Do.

Obolus? palliatus Barrande [1868a, pp. 104-105, fig. 64] Obolus? bavaricus.

Barrande [1868a, pp. 104-105, fig. 65] Obolus? palliatus.

Barrande [1868b, p. 693, fig. 64] Obolus? bavaricus.

Barrande [1868b, p. 693, fig. 65] Obolus? palliatus.
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Obolus pandemia Walcott [1898b, p. 388] Obolus pandemia.

Obolus panderi Mickwitz [1896, pp. 149-151] Obolus panderi.

Obolus parvus Walcott [1908d, pp . 61-62] Obolus parvus.

Obolus pectenoides WTiitfield [1875, p. 103] Dicellomus pectenoides.

Obolus? pectenoides ^^^litfield [1880, pp. 338-339] Dicellomus pectenoides.

Obolus pheres Walcott [1905a, p. 328] Obolus pheres.

Obolus pristinus Matthew [1895a, pp. 121-122] Trematobolus pristinus.

Matthew [1902c, p. 96] Do.

Obolus? pulcher Hall and Clarke [1892c, pp. 81 and 183] Botsfordia pulchra.

Obolus pulcher Matthew [1889, p. 306] Do.

Matthew [1890, pp. 151-155] Do.

Obolus quenstedti Hall and Clarke [1892a, p. 243] Obolus apoUinis quenstedti.

Hall and Clarke [1892b, p. 559] Do.

Hall and Clarke [1892c, p, 339] Do.

Matthew [1903, p. 120] Do.

Mickwitz [1892, p. 62] Do.

Walcott [1898b, p. 385] Do.

Obolus refulgens Matthew [1892
, pp . 44^5] Obolus refulgens.

Matthew [1902c, p. 96] Do.

Obolus? refulgens Mickwitz [1896, pp. 23-24] Do.

Obolus rhea Walcott [1898b, pp. 387-388] Obolus rhea.

Obolus? rokitzanensis Barrande [1879b, PI. CXXVI] Obolus rokitzanensis.

Obolus salteri Brogger [1882, pp. 44-45] Obolus (Broggeria) salteri.

Obolus? salteri Dall [1870, p. 163] Do.

Mickwitz [1896, p. 19] Do.

Obolus schmidti Mickwitz [1896, pp. 152-1.54] -. '.Obolus schmidti.

Obolus shensiensis Walcott [1905a, p. 327] Obolus shansiensis.

Obolus siluricus Eichwald [1843a, pp. 7-8] Obolus (Mickwitzella) siluricus.

Eichwald [1859, PI. XXXVII, figs. 6 and 7a-b] Do.

Eichwald [I860, pp. 927-928] Do.

Mickwitz [1892, p. 60] Do.

Schmidt [1861, p. 218] Do.

Schmidt [1881, p. 17] Do.

Siemiradzki [1886, p. 672] Obolus (Acritis) antiquissimus.

Obolus smithi Walcott [1908d, pp. 62-63, PL VII, fig. 9a] Obolus smith!.

Walcott [1908d, PL VII, fig. 9] Micromitra (Paterina) major.

Obolus tetonensis Walcott [1901, p. 684] Obolus tetonensis.

Walcott [1905a, p. 327] Do.

Obolus tetonensis leda Walcott [1908d, p. 63] Obolus tetonensis leda.

Obolus tetonensis ninus Walcott [1905a, p. 328] Obolus tetonensis ninus.

Obolus torrentis Matthew [1902c, p. 94] Obolus? torrentis.

Matthew [1903, p. 76] Do.

Obolus triangularis Mickwitz [1896, pp. 145-147] Obolus triangularis.

Moberg and Segerberg [1906, p. 65] Do.

Westergard [1909, p. 56] Do.

Obolus triangularis inornatus Mickwitz [1896, pp. 148-149] Do.

Obolus triparilis Matthew [1902c, p. 94] Lingulella triparilis.

Obolus volborthi Mickwitz [1896, pp. 155-157]. Obolus volborthi.

Obolus wortheni Walcott [1908d, pp. 63-64] Obolus wortheni.

Obolus? zoppi Walcott [1901, pp. 684-685] Obolus? zoppi.

Obolus sp. Kayser [1876, pp. 9-10] Obolus? sp. undt.

Obolus? sp. Kjerulf [1873, p. 83, figs. 10 and 11] Obolella mobergi?.

Obolus (?) sp. indet. Linnarsson [1876, p. 16] Obolus sp. undt. g.

Obolus (Acritis) Mickwitz [1896, pp. 205-206] Obolus (Acritis).

Walcott [1901, p. 683] Do.

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

Obolus (Acritis) antiquissimus Mickwitz [1896, pp. 206-213] Obolus (Acritis) antiquissimus.

Obolus (Acritis) antiquissimus ventrosus Mickwitz [1896, pp. 213-214]. . . . Do.

Obolus (Acritis?) rugatus Walcott [1901, p. 694] Obolus (Acritis?) rugatus.

Obolus (Botsfordia) Matthew [1891, p. 148]
_.

Botsfordia.

Matthew [1892, p. 63]
'. Do.

Obolus (Botsfordia) pulcher Matthew [1891
,
p. 148] Botsfordia pulchra.

Matthew [1892," pp. 62-63] Do.
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Obolus (Botsfordia) pulcher Matthew [1962c, p. 95] Botsfordia pulchra.

Obolus (Botsfordia) pulchra Matthew [1894, pp. 90-91] Do.

Matthew [1895a, pp. 115-121] Do.

Obolus (Broggeria) Walcott [1902, p. 605] Obolus (Broggeria).

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

Obolus (Broggeria) salteri Moberg and Segerberg [1906, p. 64] Obolus (Broggeria) salteri.

Walcott [1902, pp. 605-606] Do.

Obolus (Broggeria) salteri var.? Westergtol [1909, p. 56] Do.

Obolus (Eoobolus) Matthew [1903, pp. 135-136] Obolus (in part) and Lingulella (in part).

Obolus (Eoobolus) discus Matthew [1903, pp. 138-139] Lingulella tripariUs.

Obolus (Eoobolus) triparilis Matthew [1903, pp. 136-137] Do.

Obolus (Euobolus) Mickwitz [1896, pp. 129 and 133] Lingulella (in part) and Obolus (in part).

Obolus (Fordinia) Walcott [1908d, pp. 64-65]. Obolus (Fordinia).

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

Obolus (Fordinia) gilberti Walcott [IQOSd, p. 65] Obolus (Fordinia) gilberti.

Obolus (Fordinia) perfectus Walcott [1908d, pp. 65-66] Obolus (Fordinia) perfectus.

Obolus (Leptembolon) Mickwitz [1896, p. 199] Lingulella (Leptembolon).

Walcott [19086, PL XI, and pp. 142 and 144] Do.

Obolus (Leptembolon) lingulseformis Mickwitz [1896, pp. 200-204] Lingulella (Leptembolon) lingulseformis.

Obolus (Leptembolon) lingutetormis solidus Mickwitz [1896, pp. 204-205] . . Do.

Obolus (Lingulella) Walcott [1898b, pp. 390-392] Lingulella.

Walcott [1901, p. 683] Do.

Obolus (Lingulella) acutangulus Walcott [1898b, pp. 393 and 394, Pis.

XXVII and XXVIII] : Lingulella acutangula.

Obolus (Lingulella) amplus Walcott [1898b, pp. 392 and 394, PL XXVIII]. . . Lingulella ampla.

Obolus (Lingulella) argutus Walcott [1898b, p. 396] Lingulella arguta.

Obolus (Lingulella) atavus Walcott [1902, pp. 609-610] Lingulella atava.

Obolus (Lingulella) auga Walcott [1898b, pp. 396-397] Lingulella auga.

Obolus (Lingulella) bellulus Matthew [1903, p. 205] Lingulella bellula.

Walcott [1898b, p. 398] Do.

Obolus (Lingulella) bellus Matthew [1903, p. 204] Lingulella bella.

Walcott [1898b, pp. 397-398] Do.

Walcott [1901, pp. 685-687] Lingulella bella (in part), L. concinna (in

part), and L. lens (in part).

Obolus (Lingulella) bicensis Walcott [1901, p. 688] Botsfordia caelata.

Obolus (Lingulella) bomemanni Walcott [1901, pp. 687-688] Lingulella bornemanni.

Obolus (Lingulella) canius Walcott [1902, pp. 610-611] Lingulella cania.

Obolus (Lingulella) celatus Walcott [1898b, PL XXVI, figs. 1 and 2] Obolus (Schmidtia) celatus.

Obolus (Lingulella) chinensis Walcott [1905a, pp. 328-329] Obolus chinensis.

Obolus (Lingulella) chuarensis Walcott [1898b, p. 399] Obolus (Westonia) chuarensis.

Obolus (Lingulella) collicia Walcott [1902, p. 610] Lingulella collicia.

Obolus (Lingulella) concinnus Walcott [1902, pp. 608-609] Lingulella concinna.

Obolus (Lingulella) cuneolus Walcott [1899, p. 443] Lingulella cuneola.

Obolus (Lingulella) damesi Walcott [1905a, p. 329] Obolus damesi. (See Lingulella damesi,

p. 489.)

Obolus (Lingulella) davisii Walcott [1898b, pp. 394 and 395] Lingulella davisi.

Obolus (Lingulella) desideratus Walcott [1898b, pp. 399^00] Lingulella desiderata.

Walcott [1899, pp. 445-446, PL LX, fig. 2]. . Do.

Walcott [1899, pp. 445-446, PL LX, fig. 2a] .Obolus rotundatus.

Obolus (Lingulella) discoideus Walcott [1901, p. 673] Obolus discoideus.

Obolus (Lingulella) dubius Walcott [1898b, p. 401] Lingulella dubia.

Obolus (Lingulella) ella Walcott [1898b, PL XXVIII, figs. 5-8] Obolus (Westonia) ella.

Obolus (Lingulella) ellsi Walcott [1898b, p. 402] Lingulella ellsi.

Obolus (Lingulella) euglyphus Walcott [1898b, pp. 402^03] Obolus (Westonia) euglyphus.

Obolus (Lingulella) fragilis Walcott [1898b, p. 404] Obolus fragilis.

Obolus (Lingulella) franklinensis Walcott [1898b, pp. 404-405] Lingulella franklinensis.

Obolus (Lingulella) fuchsi Walcott [1905a, p. 332] Lingulella fuchsi.

Obolus (Lingulella) gemmulus Walcott [1901, p. 673] Lingulella ferruginea.

Obolus (Lingulella) hayesi Walcott [1898b, pp. 405^06] Lingulella hayesi.

Obolus (Lingulella) helena Walcott [1898b, p. 406] Lingulella helena.

Obolus (Lingulella) ino Walcott [1898b, pp. 406-407] Lingulella ino.

Obolus (Lingulella) isse Walcott [1905a, p. 330] Lingulella isse.

Obolus (Lingulella) lamborni minimus Walcott [1898b, p. 407] Obolus lamborni minimus.
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Obolus (Lingulella) lens Walcott [1902, pp. 606-607] Lingulella lens.

Obolus (Lingulella) leos Walcott [189Sb, pp. 407-408] Lingulella leos.

Obolus (Lingulella) lineolatus Walcott [1898b, pp. 408^09] Lingulella lineolata.

Obolus (Lingulella) linnarssoni Walcott [1901, p. 688] Lingulella linnarssoni.

Obolus (Lingulella) maera Walcott [1S99, p. 443] Obolus meera.

Obolus (Lingulella) matinalis Walcott [1899, p. 443] Obolus matinalis.

Obolus (Lingulella) mosia osceola Walcott [1898b, p. 409] Lingulella mosia osceola.

Obolus (Lingulella) nanno Walcott [1898b, p. 409] lyingulella nanno.

Obolus (Lingulella) orus Walcott [1905a, p. 330] Lingulella ora.

Obolus (Lingulella) oweni Walcott [1898b, p. 410] Lingulella oweni.

Obolus (Lingulella) pelias Walcott [1905a, pp. 330-331] Obolus mcconnelli pelias.

Obolus (Lingulella) perattenuatus Walcott [1899, p. 443] Lingulella perattenuata.

Obolus (Lingulella) phaon Walcott [lS98b, pp. 410^11] : Lingulella phaon.

Obolus (Lingulella) pogonipensis Walcott [1898b, pp. 411-412] Lingulella pogonipensis.

Obolus (Lingulella) prindlei Walcott [1898b, p. 412] Obolus prindlei.

Obolus (Lingulella) punctatus Walcott [1898b, pp. 412^13] Lingulella punctata.

Obolus (Lingulella) quadrilateralis Walcott [1905a, p. 331] Lingulella quadrilateralis.

Obolus (Lingulella) randomensis Walcott [1901, pp. 688-689] Lingulella randomensis.

Obolus (Lingulella) rogersi Walcott [1898b, pp. 413—115] Obolus (Westonia) rogersi.

Obolus (Lingulella) rotundatus Walcott [1898b, p. 415] Obolus rotundatus.

Obolus (Lingulella) schmalenseei Walcott [1902, p. 605] Obolus schmalenseei.

Obolus (Lingulella) schucherti Walcott [1901, pp. 689-690] Lingulella schucherti.

Obolus (Lingulella) septalis Walcott [1905a, p. 331] Obolus septalis.

Obolus (Lingulella) siemiradzkii Walcott [1901, pp. 690-691] '. Lingulella siemiradzkii.

Obolus (Lingulella) similis Walcott [1898b, pp. 415^16] Lingulella similis.

Obolus (Lingulella) sinoe Walcott [1898b, pp. 416^17] Obolus sinoe.

Obolus (Lingulella) spatulus Walcott [1902, p. 607] Lingulella (Lingulepis) spatula.

Obolus (Lingulella) tarpa Walcott [1898b, pp. 417-41S] Lingulella tarpa.

Obolus (Lingulella) upis Walcott [1905a, pp. 331-332] Lingulella upis.

Obolus (Lingulella) wanniecki Walcott [1905a, p. 332] Lingulella wanniecki.

Obolus (Lingulella) welleri Walcott [1902, p. 608] Lingulella welleri.

Obolus (Lingulella) willisi Walcott [1898b, pp. 418-419] Obolus willisi.

Obolus (Lingulella) winona convexus Walcott [1901, p. 691] Lingulella winona convexa.

Obolus (Lingulella) zetus Walcott [1898b, p. 419] Obolus zetus.

Obolus (Lingulepis) Walcott [1899, pp. 443-444] Lingulella (Lingulepis).

Walcott [1901, p. 683] Do.

Obolus (Lingulepis) acuminatus Walcott [1899, p. 443] Lingulella (Lingulepis) acuminata.

Obolus (Lingulepis) acuminatus meeki Walcott [1 899, p. 444] Lingulella (Lingulepis) acuminata meeki.

Obolus (Lingulepis) eros Walcott [1905a, p. 333] Lingulella (Lingulepis) eros.

Obolus (Lingulepis) gregwa Walcott [1901, pp. 692-694] Lingulella atava (in part), L. tumidtr

(in part), L. cania (in part), L. (Lin-

gulepis) gregwa (in part), and L. (L.)i

exigua. (in part).

Obolus (Lingulepis) primus Walcott [1901, p. 673] Lingulella prima.

Obolus (Lingulepis) rowei Walcott [1905a, p. 334] Tjingulella (Lingulepis) rowei.

Obolus (Lingulepis) sp. undt. Walcott [1906, pp. 567-568] Lingulella (Lingulepis ?) sp. undt.

Obolus (Lingulobolus) Walcott [1901, p. 683] Obolus (Lingulobolus).

Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

Obolus (Lingulobolus) afRnis Walcott [1898a, p. 327] Obolus (Lingulobolus) afBnis.

Obolus (Lingulobolus) spissus Walcott [1898a, p. 327] Obolus (Lingulobolus") spissus.

Obolus (Lucina) antiquissimus Eichwald [1843b, pp. 142-144] Obolus (Acritis) antiquissimus.

Obolus (Mickwitzella) Walcott [1908d, p. 70] Obolus (Mickwitzella).

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

Obolus (Monobolina) retulgens Matthew [1902c
,
p . 98] Obolus refulgens.

Obolus (Palaiobolus) Walcott [1908e, PI. XI, and pp. 142 and 144] Obolus (Pateobolus).

Obolus (Palaeobolus) lens Mattbew [1903, pp. 144-146] Obolus (Palseobolus) bretonensis lens.

Obolus (Palseobolus) lens longus Matthew [1903, pp. 146-147] Do.

Obolus (Schmidtia) Mickwitz [1896, p. 158] Obolus (Schmidtia).

Walcott [1901, p. 683] Do.

Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

Obolus (Schmidtia) acuminatus Mickwitz [1896, pp. 179-1 83] Obolus (Schmidtia) acuminatus.

Obolus (Schmidtia) acuminatus alatus Mickwitz [1896, pp. 183-184] Do.
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Obolus

Obolus

Obolus

Obolus
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Schmidtia) acuminatus humeratus Mickwitz [1896, pp. 184-186] . . . Obolus (Schmidtia) acuminatus.

Scbmidtia) acuminatus subtriangularis Mickwitz [1896, pp. 186-

Do.

Schmidtia) celatus Mickwitz [1896, pp. 159-163] Obolus (Schmidtia) celatus.

Schmidtia) celatus orbiculatus Mickwitz [1896, pp. 163-16&] Do.

Schmidtia) celatus praecisus Mickwitz [1896, pp. 166-167] Do.

Schmidtia) crassus Mickwitz [1896, pp. 187-193] Obolus (Schmidtia) crassus.

Schmidtia) crassus angulatus Mickwitz [1896, pp. 193-194] Do.

Schmidtia) obtusus Mickwitz [1896, pp. 167-171] .Obolus (Schmidtia) obtusus.

Schmidtia) obtusus acutus Mickwitz [1896, pp. 172-173] Do.

Schmidtia) obtusus ellipticus Mickwitz [1896, pp. 177-178] Do.

Schmidtia) obtusus extenuatus Mickwitz [1896, pp. 178-179] Do.

Schmidtia) obtusus latus Mickwitz [1896, pp. 174-175] Do.

Schmidtia) obtusus longus Mickwitz [1896, pp. 171-172] Do.

Schmidtia) obtusus minutus Mickwitz [1896, pp. 175-177] Do.

Thysanotos) Mickwitz [1896, pp. 194-195] Obolus (Mick-svitzella).

Thysanotos) siliu-icus Jlickwitz [1896, pp. 195-199] Obolus (Mickwitzella) siluricus.

Thysanotus) Walcott [1901, p. 683] Obolus (Miclcwitzella).

Westonia) Walcott [1901, pp. 683 and 691] Obolus (Westonia).

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

Obolus (Westonia) alandensis Walcott [1905a, p. 334] Obolus (Westonia) alandensis.

Obolus (Westonia) aurora Walcott [1901, p. 691] Obolus (Westonia) aurora.

Obolus (Westonia) baltica Walcott [1905a, p. 334] Obolus (Westonia) balticus.

Obolus (Westonia) blackwelderi Walcott [1 905a, p. 335] Obolus (Westonia) blackwelderi.

Obolus (Westonia) bottnica Walcott [1 905a, pp. 335-336] Obolus (Westonia) bottnicus.

Obolus (Westonia) chuarensis Walcott [1901, p. 691] Obolus (Westonia) chuarensis.

Obolus (Westonia) dartoni Walcott [1908d, p. 67] Obolus (Westonia) dartoni.

Obolus (Westonia) ella Walcott [1901, p. 691] Obolus (Westonia) ella.

Obolus (Westonia) ella onaquiensis Walcott [1908d, pp. 67-68] Obolus (Westonia) ella onaquiensis.

Obolus (Westonia) elongatus Walcott [1908d, p. 68] Obolus (Westonia) elongatus.

Obolus (Westonia) escasoni Walcott [1901, p. 691] Obolus (Westonia) escasoni.

Obolus (Westonia) eugljTphus Walcott [1901, p. 691] Obolus (Westonia) euglyphus.

Oljolus (Westonia) finlandensis Walcott [1902, pp. 611-612] Obolus (Westonia) finlandensis.

Obolus (Westonia) iphis Walcott [1905a, p. 336] Obolus (Westonia) iphis.

Obolus (Westonia?) lamellosus Walcott [1901, p. 691] Obolus (Westonia?) lamellosus.

Obolus (Westonia) notchensis Walcott [1908d, p. 69] Obolus (Westonia) notchensis.

Obolus (Westonia) rogersi Walcott [1901, p. 691] Obolus (Westonia) rogersi.

Obolus (Westonia) stoneanus Walcott [1901, p. 691] Obolus (Westonia) stoueanus.

Obolus (Westonia) themis Walcott [1905a, pp. 336-337] Obolus (Westonia) themis.

Obolus (Westonia) wasatchensis Walcott [1908d, pp. 69-70] Obolus (Westonia) wasatchensis.

Obolus (Westonia) wimani Walcott [1905a, p. 337] Obolus (Westonia) wimani.

obscm-a [Billingsella], Walcott [1905a, p. 239] Billingsella obscura.

obscurus [Obolus], Walcott [1905a, p. 326] Obolus obscm-us.

obtusus? [Obolus], Moberg and Segerberg [1906, p. 65] Obolus (Schmidtia) obtusus.

Westergard [1909, p. 57] Do.

Wiman [1902, p. 63] Do.

obtusus [Obolus (Schmidtia)], Mickwitz [1896, pp. 167-171] Do.

obtusus acutus [Obolus (Sclmiidtia)], Mickwitz [1896, pp. 172-173] Do.

obtusus ellipticus [Obolus (Schmidtia)], Mickwitz [1896, pp. 177-178] Do.

obtusus extenuatus [Obolus (Schmidtia)], Mickwitz [1896, pp. 178-179] ... Do.

obtusus latus [Obolus (Schmidtia)], Mickwitz [1896, pp. 174-175] Do.

obtusus longus [Obolus (Schmidtia)], Mickwitz [1896, pp. 171-172] Do.

obtusus minutus [Obolus (Schmidtia )], Mickwitz [1896, pp. 175-177] Do.

occidens [Mickwitzia], Walcott [1908d, p. 54] Mickwitzia occidens.

celandica [Acrotreta], Westergard [1909, p. 76] Acrotreta celandica.

onaquiensis [Obolus (Westonia) ella], Walcott [1908d, pp. 67-68] Obolus (Westonia) ella onaquiensis.

ophirensis [Acrotreta], Walcott [1902, pp. 591-592] Acrotreta ophirensis.

ophirensis [Acrotreta cf.], Walcott [new] Acrotreta cf. ophirensis. .

ophirensis [Iphidella pannula], Walcott [1905a, p. 306] Micromitra (Iphidella) pannula ophirensis.

ophirensis descendens [Acrotreta], Walcott [190Sd, p. 95] Acrotreta ophirensis descendens.

ophirensis rugosus [Acrotreta], Walcott [1902, p. 592] Acrotreta ophirensis rugosa.

ora [Micromitra (Paterina) stissingensis], Walcott [new] Micromitra (Paterina) stissingensis ora.
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Orbicella Dall [1877, p. 50] Kej'serlingia (in part).

Dana [1846] Does not equal Keyserlingia.

Hall and Clarke [1892a, p. 254] Keyserlingia.

Hall and Clarke [1892b, p. 570] Do.

d'Orbigny [1850, p. 20] Do.

Orbicella buchi Hall and Clarke [1892a, p. 254] Keyserlingia buchi.

d'Orbigny [1850, p. 20] Keyserlingia buchi (in part).

Orbicula de Verneuil [1845, p. 288] Keyserlingia.

Orbicula buchi de Verneuil [1845, pp. 288-289] Keyserlingia buchi.

Orbicula cajlata Hall [1847, p. 290] Botsfordia caelata.

(Orbicula) cailata [Obolella], Ford [1871, p. 33] Do.

Orbicula? crassa Hall [1847, p. 290] Obolella crassa.

(Orbicula?) crassa [Obolella], Ford [1871, p. 33] Do.

Orbicula prima Owen [1852, p. 583] Obolus matinalis.

(Orbicula) primseva [Discina], de Verneuil and Barrande [1860, p. 532]. . . Acrothele primaeva.

orbiculatus [Obolus celatus], Moberg and Segerberg [1906, p. 65] Obolus (Schmidtia) celatus.

Westergard [1909, p. 56] ' Do.

Wiman [1902, p. 62] Do.

orbiculatus [Obolus (Schmidtia) celatus], Mickwitz [1896, pp. 163-165] Do.

Orbiculoidea Hall and Clarke [1892c, pp. 120-137] Orbiculoidea.

d'Orbigny Do.

Walcott [1908e, PL' XI, and pp. 142 and 147] Do.

Orbiculoidea pileolus Hall and Clarke [1892c, p. 137] Orbiculoidea pileolus.

ordovicensis [Lingula?], Moberg and Segerberg [1906, p. 63] Lingulella lepis.

orientalis [Billingsella], Hall and Clarke [1892c, p. 230] Billingsella orientalis.

Walcott [1905a, pp. 239-240] Do.

orientalis [Iphidella labradorica], Walcott [1905a, pp. 305-306] Micromitra (Paterina) labradoricaorientalis.

orientalis [Orthisina], Walcott [1886b, p. 120] Billingsella orientalis.

Walcott [1891a, p. 613] Do.

Whitfield [1884, p. 144] Do.

orientalis [Syntrophia], Walcott [1905a, p. 292] Huenella orientalis.

orientalis [Yorkia?], Walcott [1906, pp. 569-570] , Yorkia? orientalis.

ornatella [Iphidea], Gronwall [1902, p. 40] Micromitra (Iphidella) ornatella.

Hall and Clarke [1892c, pp. 97-98] Do.

Linnarsson [1876, pp. 25-26] Do.

ornatella [Iphidea cnf.?]. Hall and Clarke [1892c, PI. IV, figs. 6 and 7]. . . .Micromitra (Paterina) superba.

orta [Acrothyra signata], Matthew [1902b, pp. 385-386] Acrothyra signata orta.

Matthew [1903, pp. 89-90] Do.

orthia [Syntrophia], Walcott [1905b, pp. 11-12] Syntrophia orthia.

Orthis von Buch (in part) [1841, p. 7] Obolus.

Orthis barabuensis A. Winchell [1864, p. 228] Syntrophia barabuensis.

Orthis bavarica Barrande [1868a, p. 99] Eoorthis bavarica.

Barrande [1868b, p. 690] Do.

Orthis billingsi Hartt [1868, pp. 644-645] : Protorthis billingsi.

Hartt [1878, pp. 644-645] Do.

Hartt [1891, pp. 644-64.5] Do.

Matthew [1886, p. 43] Do.

Walcott [1884a, pp. 17-18] Do.

Orthis christianise Brogger [1882, p. 48] Eoorthis christianise (in part) and E.

daunus (in part).

Gagel [1890, pp. 10 and 34] Eoorthis daunus.

Kjerulf [1865, pp. 1 and 3] Eoorthis christianise.

Pompeckj [1902, p. 7] Eoorthis daunus.

Remele [1881, p. 69] Do.

Remele [1885, p. 6] Do.

Roemer [1885, pp. 36, 37, and 38] Do.

Orthis coloradoensis Meek [1870, p . 425] Eoorthis desmopleura.

Shumard [1860, p. 627] Billingsella coloradoensis.

Orthis desmopleura Meek [1872, p. 295] Eoorthis desmopleura.

Orthis? eurekensis Schuchert [1897, p. 286] Orusia? eurekensis.

Orthis eurekensis Walcott [1884b, pp. 22-23] Do.

Orthis exporecta Linnarsson [1876, pp. 12-13] Billingsella exporrecta.
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Orthis exporrecta Kayaer [1883, p. 35] Billingsella exporrecta,

Wallerius [1895, p. 66] Do.

Orthis hamburgensis Walcott [18S4b, p. 73] Eoorthis desmopleura?.

Orthis hicksi Kayser [1883, p. 35] Billingsella hiclisi.

Linnarsson [1876, pp. 13-14] Billingsella exporrecta rugosicostata.

Orthis hicksii Davidson [1868, p. 314] Billingsella hicksi.

Davidson [1869, p. 230] Do.

Orthis? highlandensis Walcott [1886b, pp. 119-120] Billingsella highlandensis.

Walcott [1891a, p. 612] Do.

Orthis kuthani Pompeckj [1896b, pp. 514-515] Nisusia (Jamesella) kuthani.

Orthis lenticularis Brogger [1882, p. 48] Orusia lenticularis.

Davidson [1868, p. 314] Do.

Davidson [1869, pp. 230-232] Do.

Matthew [1892; pp. 46-48] Do.

Matthew [1903, pp. 213-216] Do.

Roemer [1S76, PI. II, figs. 4a-c] Do.

Roemer [1885, pp. 33-34] Do.

Salter [1866b, p. 339] Do.

Salter and Etheridge [1881 , pp. 544-545] Do.

Orthis lenticularis ? Kayser [1876, p. 9] Do.

Orthis lenticularis atrypoides Matthew [1892, p. 48] Orusia lenticularis atrypoides.

Matthew [1903, p. 217] Do.

Orthis lenticularis lyncioides Matthew [1892, p. 49] Orusia lenticularis lyncioides.

Matthew [1903, p. 216] Do.

Orthis lenticularis strophomenoides Matthew [1892, p. 49] Orusia lenticularis.

Matthew [1903, p. 217] Do.

Orthis lindstromi Linnarsson [1876, pp. 10-12] Billingsella lindstromi.

Orthis linnarssoni Kayser [1883, p. 34] Eoorthis linnarssoni.

Orthis newtonensis Weller [1903, pp. 113-114] Eoorthis newtonensis.

Orthis (?) peculiaris Tate [1892, pp. 185-186] Kutorgina peculiaris.

Orthis pepina Hall [1863, pp. 134-135] Billingsella coloradoensis.

Hall [1867, p. 113] Do.

WTiitfield [1882, pp. 170-171] Do.

Orthis perpasta Pompeckj [1896b, pp. 515-516] Nisusia (Jamesella) perpasta.

Orthis perpasta macra Pompeckj [lS96b, p. 516] Nisusia (Jamesella) perpasta macra.

Orthis perpasta subquadrata Pompeckj [1896b, p. 516] Nisusia (Jamesella) perpasta subquadrata.

Orthis primordialis Mallada [1875, p. 31] Eoorthis primordialis.

de Verneuil and Barrande [1860, pp. 532-533] Do.

Orthis quacoensis Matthew [1886, pp. 43^4] Protorthis quacoensis.

Orthis? remnicha Walcott [1899, pp. 451-452, PL LXI, figs. 3 and 3a; PL
LXII, figs. 1, Ic-d] Eoorthis remnicha. The text includes

both E. remnicha and B. iddingsi.

Orthis remnicha Walcott [1899, pp. 451-452, PI. LXII, figs, la-b] Eoorthis iddingsi. The text includes both

E. iddingsi and E. remnicha.

N. H. Winchell [1886, pp. 317-318] Eoorthis remnicha.

Orthis romingeri Barrande [1 848, p. 203] Billingsella romingeri.

Barrande [1879a, PL LXII, figs. II : 1^] Do.

Feistmantel Nisusia (Jamesella) kuthani.

Jahn Do.

Katzer Do.

Krejci Do.

Kusta Do.

Novak Do.

Pompeckj [1896b, pp. 513-514] Billingsella romingeri.

Wentzel Nisusia (Jamesella) kuthani.

Orthis salemensis Oehlert [1889, p. 1 139] Billingsella salemensis.

Walcott [1887, pp. 190-191] Do.

Walcott [1891a, pp. 612-613] Do.

Orthis saltensis Kayser [1876, p. 8] Eoorthis saltensis.

Kayser [1897, p. 280] : Do.

Orthis (?) sandbergi Walcott [1899, pp. 4.52^53] Otusia sandbergi.

Orthis sandbergi N. H. Winchell [1886, p. 318] Do.
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Orthia (?) tatei Etheridge, jr. [1905, p. 249] Eoorthis tatei.

Orthis ungula von Buch [1841, pp. 7-8] Obolus apoUinis.

Orthis warthi Waagen [1891, pp. 102-104] Wynnia warthi.

Orthis sp. Kayser [1876, p. 9] Orusia lenticularis.

Pompeckj [lS96a, p. 4] Eoorthis bavarica.

Pompeckj [1896b, p. 514, PI. XV, fig. 6] Eoorthis sp. undt. a.'

Pompeckj [1896b, p. 514, PI. XV, fig. 7] Eoorthis sp. undt. b.

Orthis (or Orthisina) sp. Etheridge [1905, p. 250] Huenella etheridgei.

Orthis (Billingsella) pepina Sardeson [1896, p. 96] Billingsella coloradoensig.

Orthis (Finkelnburgia) Walcott [1905a, pp. 277-278] Finkelnburgia.

Orthis (Finkelnburgia) finkelnburgi Walcott [1905a, pp. 278-279] Finkelnburgia finkelnburgi.

Orthis (Finkelnburgia) osceola Walcott [1905a, p. 279] Finkelnburgia osceola.

Orthis (Finkelnburgia) osceola corrugata Walcott [1905a, p. 280] Finkelnburgia osceola corrugata.

Orthis? (Orthisina?) pepina Hall [1883, PI. XXXVII, figs. 16-19] Billingsella coloradoensis.

Orthis (Orusia) Walcott [1905a, p. 273] Orusia.

Orthis (Orusia?) eurekensia Walcott [1905a, p. 277] Orusia? eurekensis.

Orthis (Orusia) lenticularis Walcott [1905a, pp. 273-276] Orusia lenticularis.

Orthis (Orusia) lenticularis atrypoides Walcott [1905a, p. 276] Orusia lenticularis ati-ypoides.

Orthis (Orusia) lenticularis lyncioides Walcott [1905a, p. 277] Orusia lenticularis lyncioides.

Orthis (Plectorthis) Walcott [1905a, pp. 257-259] Eoorthis.

Orthis (Plectorthis) agreste Walcott [1906, p . 570] Eoorthis agreste.

Orthis (Plectorthis?) atava Walcott [1905a, pp. 259-260] Eoorthis atava.

Orthis (Plectorthis) christianise Moberg and Segerberg [1906, p. 69] Eoorthis christianise (in part only). The
reference includes also E. daunus and

^ E. tullbergi.

Walcott [1905a, pp. 260-261] Eoorthis chriatiania.

Orthia (Plectorthia) daunus Moberg and Segerberg [1906, p. 69] Eoorthis daunus.

Walcott [1905a, p. 261] Do.

Orthis

Orthis

Orthis

Orthis

Orthis

Orthis

Orthis

Orthia

Orthia

Orthis

Orthia

Orthia

Orthis

Orthis

Orthis

Orthis

Orthis

Orthis

Orthia

Orthis

Orthis

Plectorthis) desmopleura Walcott [1905a, p. 261] Eoorthis desmopleura.

Plectorthis) desmopleura nympha Walcott [1905a, p. 262] Eoorthis desmopleura nympha.
Plectorthis) diablo Walcott [1905a, p. 262] Eoorthis? diablo.

Plectorthis) doris Walcott []90oa, pp. 262-263] Eoorthis doris.

Plectorthis) hastingsensis Walcott [1905a, p. 263] Eoorthis hastingsensis.

Plectorthis) iddingsi Walcott [1905a, p. 264] Eoorthis iddingsi.

Plectorthis) indianola Walcott [1905a, pp. 264-265] Eoorthis indianola.

Plectorthis) johannensis Walcott [1905a, pp. 265-266] Eoorthis johannensis.

Plectorthis) kayseri Walcott [1905a, p. 266] Eoorthis kayseri.

Plectorthis) kichouensis Walcott [1906, p. 570] Eoorthis kichouensis.

Plectorthia) linnarssoni Walcott [1905a, p. 266] Eoorthis linnarssoni.

Plectorthis) newtonensis Walcott [1905a, p. 267] Eoorthis newtonensis.

Plectorthis) pagoda Walcott [1905a, pp. 267-268] Eoorthis pagoda.

Plectorthis) papias Walcott [1905a, p. 268] Eoorthis papias.

Plectorthis) remnicha Walcott [1905a, pp. 268-269] Eoorthis remnicha.

Plectorthis) remnicha sulcata Walcott [1905a, p. 269] Eoorthis remnicha sulcata.

Plectorthis) remnicha texana Walcott [1905a, p. 270] Eoorthis remnicha texana.

Plectorthis) remnicha winfieldensis Walcott [1905a, p. 270] Eoorthis remnicha winfieldensis.

Plectorthis) retroflexa Walcott [1905a, pp. 270-271] Billingsella retroflexa.

Plectorthis) saltensis Walcott [1905a, p. 271] Eoorthis saltensis.

Plectorthis) tullbergi Moberg and Segerberg [1906, p. 69] Eoorthis tullbergi.

Walcott [1905a, p. 271] Do.

Orthis (Plectorthis) wichitaensis Walcott [1905a, pp. 271-272] Eoorthis wichitaensis.

Orthis (Plectorthis) wichitaensis laeviusculus Walcott [1905a, p. 272] Eoorthis wichitaensis leeviusculus.

Orthis (Plectorthis) wimani Moberg and Segerberg [1906, p. 70] Eoorthis wimani.

Wdlcott [1905a, p. 272] Do.

Orthis (Plectorthis) sp. Walcott [1905a, pp. 272-273] Eoorthis sp. undt. a and b.

Orthis (Plectorthis) sp. undt. Walcott [1906, p. 571] Eoorthis various sp. undt.

Orthis (Protorthis) billingsi Wysogorski [1900, p. 227] Protorthis billingsi.

Orthisina alberta Matthew [1902c, p. 109] Nisusia alberta.

Walcott [1889c, p. 442] Do.

Orthisina? billingsi Matthew [1891, p. 131] Protorthis billingsi.

Orthisina compta Tate [1892, p. 185] Nisusia compta.
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Orthisina festinata Billings [1861b, p. 10] Nisusia festinata.

Billinga [1861c, p. 949] Do.

Billings [1862b, p. 105] Do.

Billing.s [1862e, p. 221] Do.

Billings [1863, p. 284, figs. 289a-c] Do.

Walcott [1886b, pp. 120-121] Do.

Walcott [1891a, p. 613] Do.

Orthisina (?) johannensis Matthew [1892, pp. 49-50] Eoorthis johannensis.

Orthisina orientalis Walcott [18S6b, p. 120] Billingsella orientalis.

Walcott [lS91a, p. G13] Do.

\%itfield [1884, p. 144] Do.

Orthisina pellico de Verneuil and Barrande [1860, pp. 535-536] Nisusia (Jamesella) pellico.

(Orthisina?) pepina [Orthis?], Hall [1883, PI. XXXVII, figs. 16-19] Billingsella coloradoensis.

Orthisina quacoensis Matthew [1891, p. 131] Protorthis quacoensis.

Orthisina? transversa Walcott [1886b, p. 121] Nisusia festinata transversa.

Walcott [1891a, p. 613] Do.

Orthisina vaticina Mallada [1875, p. 32] Nisusia? vaticina.

de Verneuil and Barrande [1860, pp. 533-535] Do.

Orthisina [Orthis or] sp. Etheridge [1905, p. 250] Huenella etheridgei.

orus [Obolus (Lingulella)], Walcott [1905a, p. 330] Lingulella ora.

Orusia Walcott [1908e, PI. XI, and pp. 142 and 148] Orusia.

(Orusia) [Orthis], Walcott [1905a, p. 273] Do.

(Orusia?) eurekensis [Orthis], Walcott [1905a, p. 277] Orusia? eurekensis.

(Orusia) lenticularis [Orthis], Walcott [1905a, pp. 273-276] Orusia lenticularis.

(Orusia) lenticularis atrypoides [Orthis], Walcott [1905a, p. 276] Orusia lenticularis atrypoidea.

(Orusia) lenticularis lyncioides [Orthis], Walcott [1905a, p. 277] Orusia lenticularis lyncioides.

osceola [Obolus (Lingulella) mosia], Walcott [1898b, p. 409] Lingulella mosia osceola.

osceola [Orthis (Finkelnburgia)], Walcott [1905a, p. 279] Finkelnburgia osceola.

osceola corrugata [Orthis (Finkelnburgia)], Walcott [1905a, p. 280] Finkelnburgia osceola corrugata.

Otusia Walcott [1908e, PL XI, and pp. 142 and 148] Otusia.

(Otusia) [Billingsella], Walcott [1905a, p. 246] Do.

(Otusia) sandbergi [Billingsella], Walcott [1905a, pp. 246-247] Otusia sandbergi.

Otusia utahensis Walcott [new] Otusia utahensis.

ovalia [Acrotreta], Walcott [1902, p. 592] Acrotreta ovalis.

ovalis [Lingulella ferruginea], Davidson [1868, p. 307] Lingulella ferruginea.

Hicks [Salter and Hicks, 1867, p. 341] Do.

ovalis [Lingulella? inflata], Matthew [1895a, p. 127] Acrotreta inflata.

ovata [Lingula], Emmons [1842, p. 105] Lingulella prima.

McCoy [1846, p. 24] Lingula ovata, not Lingulella davisi.

McCoy [1854, p. 254] Lingulella davisi (in part) and Lingula

ovata (in part),

oweni [Obolus (Lingulella)], Walcott [1898b, p. 410] Lingulella oweni.

ovata [Ungula], Pander [1830, p. 59, PI. XXVIII, figs. 6a-b] Obolus (Schmidtia) celatus.

Pander [1830, pp. 59 and 154, PI. Ill, fig. 23] Obolus apollinis.

P.

pacifica [Acrotreta], Walcott [1905a, p. 301] Acrotreta pacifioa.

pagoda [Orthis (Plectorthis)], Walcott [1905a, pp. 267-268] Eoorthis pagoda.

Palaeobolus Matthew [1899b, pp. 201-202] Obolus (Palseobolus).

Matthew [1903, pp. 140-141] Do.

(Palseobolus) [Obolus], Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

Palaeobolus bretonensis Matthew [1899b, p. 202] Obolus (Palaeobolus) bretonensis.

Matthew [1903, pp. 141-143] Do.

(Palseobolus) lens [Obolus], Matthew [1903, pp. 144-146] Obolus (Palseobolus) bretonensis lens.

(Palseobolus) lens longus [Obolus], Matthew [1903, pp. 146-147] Do.

palliatus [Obolus?], Barrande [1868a, pp. 104-105, fig. 64] Obolus? bavaricus.

Barrande [1868a, pp. 104-105, fig. 6.5] Obolus? palliatus.

Barrande [1868b, p. 693, fig. 64] Obolus? bavaricus.

Barrande [1868b, p. 693, fig. 65] Obolus? palliatus.

pandemia [Obolus], Walcott [1898b, p. 388] Obolus pandemia.

panderi [Acrothele], Walcott [new] Acrothele panderi.
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panderi [Keyserlingia], Karpinsky [1887, ,,p. 476] Helmersenia ladogensis.

panderi [Obolus], Mickwitz [1896, pp. 149-151] Obolus panderi.

pannula [Iphidea], Matthew [1902c, p. 110] Micromitra flphidella) pannula.

pannula [Iphidella], Walcott [1905a, p. 307] Do.

pannula [Kutorgina], Pack [1906, p. 296] Do.

Walcott [1886b,, p. 105] Do.

Walcott [1887, p. 190] Do.

Walcott [1891a, p. 609] Do.

pannula [Micromitra (Iphidella)], Walcott [1908c, p. 244, PI. I, figs. 1 , la-c]. Do.

pannula maladensis [Iphidella], Walcott [1905a, p. 306] Micromitra (Iphidella) pannula maladensis.

pannula ophirensis [Iphidella], Walcott [1905a, p. 306] Micromitra (Iphidella) pannula ophirensis.

pannulus [Iphidea], Grabau and Shimer [1907, p. 201] Micromitra (Iphidella) pannula.

Schuchert [1897, p. 234] Do.

pannulus [Trematis], White [1874, p. 6] Do.

White [1877, pp. 36-37] Do.

papellata-prima [Acrotreta], Matthew [1902a, pp. 391-392] Acrothyra sera.

papias [Orthis (Plectorthis)], Walcott [1905a, p. 268] Eoorthis papias.

papillata [Acrotreta], Matthew [1902b, pp. 390-391] Acrothyra sera.

Matthew [1903, p. 95] Do.

papillata lata [Acrotreta], Matthew [1903, pp. 95-96] Do.

papillata-prima [Acrotreta], Matthew [1903, pp. 73-74] Do.

papillata var. [Acrotreta], Matthew [1902b, p. 391] Do.

parvula [Acrotreta], Walcott [1902, p. 592] Acrotreta parvula.

parvula [Obolella], Wallerius [1895, pp. 65-66] Do.

parvus [Dicellomus], Walcott [1905a, pp. 315-316] Dicellomus parvus.

parvus [Obolus], Walcott [1908d, pp. 61-62] Obolus parvus.

Paterina Beecher [1891, p. 345] Micromitra (Paterina).

Hall and Clarke [1892a, p. 247] Do.

Hall and Clarke [1892b, p. 563] Do.

Walcott [1897b, p. 708] Do.

(Paterina) [Micromitra], Walcott [1908e, PI. XI, and pp. 142 and 143] Micromitra (Paterina).

Paterina labradorica Beecher [1891, pp. 345-346] Micromitra (Paterina) labradorica swanton-

ensis.

Hall and Clarke [1892a, p. 247] Do.

(Paterina) labradorica var. undt. [Micromitra], Walcott [new] Micromitra (Paterina) labradorica var.undt.

(Paterina) stissingensisora [Micromitra], Walcott [new] Micromitra (Paterina) stiasingensis ora.

(Paterina) stuarti [Micromitra], Walcott [1908d, p. 58] Micromitra (Paterina) stuarti.

(Paterina) wapta [Micromitra], Walcott [1908d, p. 59] Micromitra (Paterina) wapta.

(Paterina) williardi [Micromitra], Walcott [1908d, p. 60] Micromitra (Paterina) williardi.

Paterina (Micromitra) Schuchert [1905, p. 329] Micromitra.

pealei [Iphidea], Walcott [1897b, pp. 712-713] Micromitra pealei.

pectenoides [Dicellomus], Walcott [1901, p. 673] Dicellomus pectenoides.

Walcott [1905a, p. 316] Do.

pectenoides [Obolella], Schuchert [1897, p. 275] Do.

pectenoides [Obolus], Whitfield [1875, p. 103] , Do.

pectenoides [Obolus?], 'WTiitfield [1880, pp. 338-339] Do.

peculiaris [Orthis (?)], Tate [1892, pp. 185-186] Kutorgina peculiaris.

pelias [Obolus (Lingulella)], Walcott [1905a, pp. 330-331] Obolus mcconnelli pelias.

pellico [Orthisina], "de Veraeuil and Barrande [1860, pp. 535-536] Nisusia (Jamesella) pellico.

pepina [Billingsella], Hall and Clarke [1892a, PI. VIII, figs. 1 and 2] Billingsella coloradoensis.

Hall and Clarke [1892c, p. 230] Do.

pepina [Orthis], Hall [1863, pp. 134-135] Do.

Hall [1867, p. 113] Do.

'WTiitfield [1882, pp. 170-171] .• Do.

pepina [Orthis (Billingsella)], Sardeson [1896, p. 96] Do.

pepina [Orthis? (Orthisina?)], Hall [1883, PI. XXXVII, figs. 16-19] Do.

perattenuatus [Lingulepis], Whitfield [1877, p. 9] Lingulella perattenuata.

WTiitfield [1880, p. 337] Do.

perattenuatus [Obolus (Lingulella)], Walcott [1899, p. 443] Do.

perfectus [Obolus (Fordinia)], Walcott [1908d, pp. 65-66] Obolus (Fordinia) perfectus.

perpasta [Nisusia (Jamesella)], Walcott [1905a, pp. 254-255] Nisusia (Jamesella) perpasta.

perpasta [Orthis], Pompeckj [1896b, pp. 515-516] Do.

perpasta macra [Nisusia (Jamesella)], Walcott [1905a, p.^ 255] Nisusia (Jamesella) perpasta macra.

perpasta macra [Orthis], Pompeckj [1896b, p. 516] Do.
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perpasta subquadrata [Nisusia (Jamesella)], Walcott [1905a, p. 255] Nisusia (Jamesella) perpasta subquadrata.

perpasta subquadrata [Orthis], Pompeckj [1896b, p. 516] Do.

perugata [Kutorgina], Walcott [1905a, p. 310] Kutorgina perugata.

petalon [Lingula], Bomemann [1891, p. 438] Obolus? meneghinii.

Davidson [1868, p. 308] Does not equal Obolus? meneghinii.

Davidson [1871, p. 337] Do.

phaon [Obolus (Lingulella)], Walcott [lS9Sb, pp. 410-411] Lingulella phaon.

pheres [Obolus], Walcott [1905a, p. 328] Obolus pheres.

Philhedra von Huene [1899a, pp. 146-147] Philhedra.

von Huene [1899b, pp. 216-218 and 297-298] Do.

Koken [1889, pp. 465 and 467] Do.

Walcott [1908e, PL XI, and pp. 142 and 147] Do.

Philhedra? columbiana von Huene [1899b, pp. 216 and 298] Philhedra columbiana.

Philhedra columbiana Walcott [1908c, PI. I, figs. 5 and 5a] Do.

phillipsi [Kutorgina cingulata], Matley [1902, pp. 145-147] Micromitra (Paterina) phillipsi.

phillipsi [Obolella?], Davidson [1866, pp. 62-63] Do.

phillipsi [Obolella], Holl [1865, p. 102] Do.

Phillips [1871, p. 68] - Do.

phillipsi [Obolellus?], Roemer [1876, PI. XI, figs. 6a-d] Do.

phillipsia [Obolella], Dall [1877, p. 41] Do.

pileolus [Discina], Davidson [1868, pp. 312-313] Orbiculoidea pileolus.

Davidson [1871, p. 344] Do.

(Hicks MS.) Salter [lS66a, p. 285] Do.

pileolus? [Discina], Hicks [1871, PI. XV, figs. 12 and 12a] Stenotheca pileolus, a gastropod.

pileolus [Orbiculoidea], Hall and Clarke [1892c, p. 137] Orbiculoidea pileolus.

pinnaformis [Lingula], Owen [1852, p. 583] Lingulella (Lingulepis) acuminata.

pinnaformis [Lingulems], Hall [1863, pp. 129-130, PL VI, figs. 12 and 13]. Obolus matinalis.

Hall [1863, pp. 129-130, PL VI, figs. 14-16] Lingulella (Lingulepis) acuminata.

Hall [1867, p. 107, PL I, figs. 12 and 13] Obolus matinalis.

Hall [1867, p. 107, PL I, figs. 14-16] Lingulella (Lingulepis) acuminata.

Whitfield [1880, p. 335] Do.

Whitfield [1882, pp. 169-170] . Do.

pinnaformis [Lingula], Hall [1862, p. 435, and fig. 3, p. 21] Do.

pinniformis [Lingulepis], Dwight [1886, p. 208] Do.

Grabau and Shimer [1907, p. 193] Do.

Hall and Clarke [1892a, p. 232] Do.

Hall and Clarke [1892b, p. 548] Do.

Hall and Clarke [lS92c, p. 60] Do.

Meek and Hayden [1865, pp. 2-3] Do.

Schuchert [1897, p. 260] Do.

plana [Ungula], Pander [1830, pp. 59 and 163] Obolus apollinis.

plana or convexa [Ungula], Pander [1830, p. 163] Do.

plana retroflexa [Clitambonites (Gonambonites)], Matthew [1895b, p. 267] . . Billingsella retroflexa.

planus retroflexus [Clitambonites], Schuchert [1897, p. 184] Do.

Platyceras etheridgei Tate [1892, p. 184] Micromitra (Paterina) etheridgei.

Plectorthis Grabau and Shimer [1907, pp. 250 and 251] Eoorthis (in part) and Plectorthis (in part),

Hall and Clarke [1892c, pp. 194-195] Plectorthis, not Eoorthis.

(Plectorthis) [Orthis], Walcott [1905a, pp. 257-259] Eoorthis.

(Plectorthis) agreste [Orthis], Walcott [1906, p. 570] Eoorthis agreste.

(Plectorthis?) atava [Orthis], Walcott [1905a, pp. 259-260] Eoorthis atava.

(Plectorthis) christianise [Orthis], Moberg and • Segerberg [1906, p. 69] Eoorthis christianiae (in part only). The
reference includes also E. daunus and

E. tuUbergi.

Walcott [1905a, pp. 260-261] Eoorthis christiania;.

(Plectorthis) daunus [Orthis], Moberg and Segerberg [1906, p. 69] Eoorthis daunus.

Walcott [1905a, p. 261] Do.

(Plectorthis) desmopleura [Orthis], Walcott [1905a, p. 261] Eoorthis desmopleura.

(Plectorthis) desmopleura nympha [Orthis], Walcott [1905a, p. 262] Eoorthis desmopleura nympha.

(Plectorthis) diablo [Orthis], Walcott [1905a, p. 262] Eoorthis? diablo.

(Plectorthis) doris [Orthis], Walcott [1905a, pp. 262-263] Eoorthis doris.

(Plectorthis) hastingsensis [Orthis], Walcott [1905a, p. 263] Eoorthis hastingsensis.

(Plectorthis) iddingsi [Orthis], Walcott [1905a, p. 264] Eoorthis iddingsi.
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Plectorthis indianola Grabau and Shimer [1907, pp. 251-252] Eoorthis indianola.

(Plectorthis) indianola [Orthis], Walcott [1905a, pp. 264-265] Do.

(Plectorthis) johannensis [Orthis], Walcott [1905a, pp. 265-266] Eoorthis johannensis.

(Plectorthis) kayseri [Orthis], Walcott [1905a, p. 266] Eoorthis kayseri. -

(Plectorthis) kichouensis [Orthis], Walcott [1906, p. 570] Eoorthis kichouensis.

(Plectorthis) linnarssoni [Orthis], Walcott [1905a, p. 266] Eoorthis linnarssoni.

(Plectorthis) newtonensis [Orthis], Walcott [1905a, p. 267] Eoorthis newtonensis.

(Plectorthis) pagoda [Orthis], Walcott [1905a, pp. 267-268] Eoorthis pagoda.

(Plectorthis) papias [Orthis], Walcott [1905a, p. 268] . Eoorthis papias.

Plectorthis remnicha Grabau and Shimer [1907, p. 252] .Eoorthis remnicha.

(Plectorthis) remnicha [Orthis], Walcott [1905a, pp. 268-269] Do.

(Plectorthis) remnicha sulcata [Orthis], Walcott [1905a, p. 269] Eoorthis remnicha sulcata.

(Plectorthis) remnicha texana [Orthis], Walcott [1905a, p. 270] Eoorthis remnicha texana.

(Plectorthis) remnicha winfieldensis [Orthis], Walcott [1905a, p. 270] Eoorthis remnicha winfieldensis.

(Plectorthis) retroflexa [Orthis], Walcott [1905a, pp. 270-271] Billingsella retroflexa.

(Plectorthis) saltensis [Orthis], Walcott [1905a, p. 271] Eoorthis saltensis.

(Plectorthis) tullbergi [Orthis], Mobefg and Segerberg [1906, p. 69] Eoorthis tuUbergi.

Walcott [1905a, p. 271] Do.

(Plectorthis) wichitaensis [Orthis], Walcott [1905a, pp. 271-272] Eoorthis wichitaensis.

(Plectorthis) wichitaensis Iseviusculus [Orthis], Walcott [1905a, p. 272] Eoorthis wiehitaensis Iseviusculue.

(Plectorthis) wimani [Orthis], Moberg and Segerberg [1906, p. 70] Eoorthis wimani.

Walcott [1905a, p. 272] Do.

(Plectorthis) sp. [Orthis], Walcott [1905a, pp. 272-273] Eoorthis sp. undt. a and b.

(Plectorthis) sp. undt. [Orthis], Walcott [1906, p. 571] Eoorthis various sp. undt.

plicatella [Billingsella], Walcott [1905a, pp! 240-241] Billingsella plicatella.

pogonipensis [Obolus (Lingulella)], Walcott [1898b, pp. 411^12] Lingulella pogonipensis.

polita [Aulonotreta], Kutorga [1848, pp. 279-282] Obolus apollinis (in part), 0. apollinis

ingricus (in part), and O. (Mickwitzella)

eiluricus (in part).

polita [Dicellomus], Hall [1873, p. 246] Dicellomus politus.

polita [Lingula], Hall [1861, p. 24] Do.

polita [Lingula?], Hall [1862, pp. 21 and 435] : Do.

polita [Lingula], WTiitfield [1862, p. 136]. : Do.

polita [Obolella], Billings [1862c, p. 421] Do.

polita [Obolella?], Hall [1863, pp. 133-134] Do.

Hall [1867, pp. 112-113] Do.

polita [Obolella], Hall and Clarke [1892c, pp. 72 and 73] Do.

Walcott [1886b, p. Ill] ' Do.

Whitfield [1880, pp. 339-340] Do.

politus [Dicellomus], Grabau and Shimer [1907, pp. 189-190] Do.

Walcott [1899, pp. 443 and 446] Do.

Walcott [1905a, pp. 313 and 316-318] Do.

Poljrtoechia? montanensis Walcott [1905a, pp. 295-296] Clarkella? montanensis.

prsecisus [Obolus (Schmidtia) celatus], Mickwitz [1896, pp. 166-167] Obolus (Schmidtia) celatus.

pretiosa [Acrothele], Walcott [1898b, p. 402]. Acrothele pretiosa.

pretiosa [Billingsia], Ford [1886a, p. 467] Do.

pretiosa [Elkania], Ford [1886b, p. 325] Do.

pretiosa [Linnarssonia], Grabau and Shimer [1907, p. 200] Either Acrotreta sagittalis or Acrothele

pretiosa. (See p. 652.)

Hall and Clarke [1892c, p. 70] Acrotreta sagittalis.

Schuchert [1897, p. 262] Acrotreta sagittalis (in part) and Acro-

thele pretiosa (in part).

Walcott [1901, p. 673] , .Acrothele pretiosa.

pretiosa [Linnarssonia cf .], Hall [1890, p. 55] Acrotreta sagittaKs.

pretiosa [Mickwitzia], Walcott [1908d, pp. 54-55] Mick-s^atzia pretiosa.

pretiosa [Obolella], Billings [1862d, pp. 68-69] Acrothele pretiosa.

Billings [1863, p. 230] Do.

Chapman [1863, p. 191] Do.

Chapman [1864, p. 163] Do.

pretiosa [Obolella?], Walcott [1886b, p. Ill] Do.

pretiosa [Obolella (Linnarssonia)], Dawson [1890, pp. 53-54] Acrotreta sagittalis.

prima [Acrothele matthewi], Hall and Clarke [1892a, PI. Ill, fig. 27] Acrothele prima.

Hall and Clarke [1892c, PL III, fig. 25] Do.
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prima [Acrothele matthewi], Matthew [18S6, p. 41] Acrothele prima.

Matthew [1895a, PI. V, figs. 7a-b] Do.

Matthew [1902b, pp. 397 and 402] Do.

Matthew [1903, p. 104] . Do.

prima [Acrothyra proavia], Matthew [1901b, p. 303] Acrothyra proavia.

Matthew [1902b, p. 389] Do.

Matthew [1903, pp. 58, 86, and 93] Do.

prima [Acrothyra signata], Matthew [1902b, pp. 382-383] Acrothyra signata prima.

Matthew [1903, p. 73] Do.

prima [Acrotreta papillata], Matthew [1902b, pp. 391-392] Acrothyra sera.

prima [Acrotreta papillata], Matthew [1903, pp. 73-74] Do.

prima [Lingula], Billings [1856, p. 34] Lingulella (Lingulepis) acuminata.

Emmons [1855, p. 202] Lingulella prima.

Hall [1847, p. 3] Do.

Hall [1851, p. 204] Lingulella (Lingulepis) acuminata.

Hayden [1862, p. 73] Probably equals Lingulella (Lingulepis)

acuminata.

Owen [1851, p. 170] Lingulella (Lingulepis) acuminata.
Rogers [1861, p. 390] Obolus (Westonia) rogersi.

prima [Lingulella?], Hall and Clarke [1892c, p. 69] Lingulella prima.

prima [Lingulepis], Grabau and Shinier [1907, p. 193] Lingulella (Lingulepis) acuminata.

Meek and Hayden [1865, p. 3] Dicellomus politus.

Miller [1877, p. 115] Lingulella prima.

Schuchert [1897, p. 260] Lingulella prima (in part).

prima [Meekina], Walcott [1905a, p. 313] Linnarssonella tennesseensis.

prima [Obolella], ^Witfield [1884, pp. 142-143] Lingulella prima.

prima [Orbicula], Owen [1852, p. 583] Lingulella (Lingulepis) acuminata.
Owen [18.52, p. 583] Obolus matinahs.

primaasa [Acrotreta], Walcott [1902, p. 593] Acrotreta primaeva.

primfeva [Acrothele], Pompeckj [1896b, p. 603] Acrothele primfeva.

primseva [Discina (Orbicula)], de Verneuil and BaiTande [1860, p. 532] Do.

primseva [Lingulella], Davidson [1883, p. 208] Lingulella? primseva.

Hicks [1871, p. 401] Do.

Hicks [1881, p. 297] Do.

Salter and Etheridgfe [1881, p. 538] Do.

primordialis [Orthis], Mallada [1875, p. 31] Eoorthis primordialis.

de Verneuil and Ban-ande [1860, pp. 532-533] Do.

primordialis [Syntrophia], Hall and Clarke [lS93b, p. 218] Syntrophia primordialis.

Walcott [1905a, p. 292] Do.

primordialis [Triplecia?], Hall and Clarke [1892c, p. 270] Do.

primordialis [Triplesia], ^A^itfield [1878, p. 51] Do.

Whitfield [1882, p. 172] Do.
primordialis argia [Syntrophia], Walcott [1905a, p. 293] Syntrophia primordialis argia.

primus [Obolus lens], Matthew [1902c, pp. 94-95] Obolus (Palseobolus) bretonensis lens.

primus [Obolus (Lingulepis)], Walcott [1901, p. 673] Lingulella prima.

prindlei [Obolus (Lingulella)], Walcott [1898b, p. 412] Obolus prindlei.

priscus [Schizambon], Matthew [1901a, pp. 277-278] Schizambon priscus.

Matthew [1903, pp. 187-189] Do.

pristinua [Obolus], Matthew [1895a, pp. 121-122] Trematobolus pristinus.

Matthew [1902c, p. 96] Do.

proavia [Acrothyra], Matthew [1902b, pp. 386-388] Acrothyra proavia.

Matthew [1903, pp. 53-55] Do.
proavia [Acrotreta], Matthew [1899b, p. 203] Do.
proavia crassa [Acrothyra], Matthew [1902b, pp. 389-390] Do.

Matthew [1903, p. 94] Do.
proavia prima [Acrothyra], Matthew [1901b, p. 303] Do.

*

Matthew [1902b, p. 389].. Do.
Matthew [1903, pp. 58, 86, and 93] Do.

producta [Lingula?], Moberg and Segerberg [1906, p. 63] Lingulella lepis.

proles [Acrothele], Matthew [1902b, pp. 400^01] Acrothele proles.

Matthew [1903, pp. 60 and 102-103] Do.
prolificus [Dicellomus], Walcott [1908d, p. 77] Dicellomus prolificus.

prospectensis [Iphidea], Schuchert [1897, p. 234] Micromitra (Paterina) prospectensis.
prospectensis [iphidella], Walcott [1905a, p. 307] Do.
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prospectensia [Kutorgina], Walcott [1884b, p. 19] Micromitra (Paterina) prospectensis.

Walcott [1886b, pp. 106-107] Do.

Walcott [1891a, p. 610] Do.

Protorhyncha? antiquata Schuchert [1897, p. 834] Swantonia antiquata.

Protorhyncha? minor Schuchert [1897, p. 334] Obolella minor.

Protorthis Grabau and Shimer [1907, p. 211] Protorthis.

Hall and Clarke [1892a, pp. 273-274] Do.

Hall and Clarke [1892b, pp. 589-590] Do.

Halland Clarke [1892c, pp. 231-233] Do.

Walcott [1905a, pp. 280-281] Do.

Walcott [1908e, PI. XI, and pp. 142 and 147] Do.

Protorthia billings! Hall and Clarke [1892a, p. 274] Protorthis billingsi.

Hall and Clarke [1892c, pp. 219 and 232] Do.

Walcott [1905a, pp. 281-282] Do.

(Protorthis) billingsi [Orthis], Wysogorski [1900, p. 227] Do.

Protorthis? eurekensis Hall and Clarke [1892c, p. 232] Orusia? eurekensis.

Protorthis helena Walcott [1905a, p. 282] Protorthis helena.

Protorthis? hunnebergensis Moberg and Segerberg [1906, pp. 70-71] Protorthis? hunnebergensis.

Protorthis Isevis Walcott [1905a,*p. 283] Protorthis Isevis.

Protorthis latom-ensis Walcott [1905a, pp. 282-283] Protorthis latourensis.

Protorthis nautes Walcott [1905a, pp. 283-284] Nisusia (Jamesella) nautes.

Protorthis? nunnebergensis Walcott [1905a, p. 284] Protorthis? hunnebergensis.

Protorthis quacoensis Hall and Clarke [1892c, p. 232] Protorthis quacoensis.

Walcott [1905a, pp. 284-285] Do.

Protorthis spencei Walcott [1905a, p. 285] Nisusia (Jamesella) spencei.

Protorthis wingi Walcott [1905a, p. 286] Protorthis wingi.

Protorthis ep. undt. Walcott [1905a, p. 286] Protorthis sp. undt.

Protorthis (Billingsella) billingsi Grabau and Shimer [1907, p. 211] Protorthis billingsi.

Protorthis (Loperia) Walcott [1905a, p. 287] Protorthis (Loperia).

Walcott [1908e, PL XI, and pp. 142 and 147] Do.

Protorthis (Loperia) dougaldensis Walcott [1905a, pp. 287-288] Protorthis (Loperia) dugaldensis.

Protosiphon Matthew [1897a, pp. 68-69] Trematobolus.

Matthew [1898a, pp. 129-130] Do.

Protosiphon kempanum Matthew [1897a, pp. 70-71] Trematobolus kempanum.
Matthew [1898a, p. 131] Do.

pulcher [Obolua?], Halland Clarke [1892c, pp. 81 and 183] .Botstordia pulchra.

pulcher [Obolus], Matthew [1889, p. 306]
'. Do.

Matthew [1890, pp. 151-155] Do.

pulcher [Obolus (Botsfordia)], Matthew [1891, p. 148] Do.

Matthew [1892, pp. 62-63] Do.

Matthew [1902c, p. 95] Do.

pulchra [Obolus (Botsfordia)],, Matthew [1894, pp. 90-91] Do.

Matthew [1895a, pp. 115-121] Do.

pumila [Lingulepis], Matthew [1903, p. 75] Lingulella (Lingulepis) pumila.

pumpellyi [Billingsella], Walcott [1905a, p. 242] Billingsella pumpellyi.

punctatus [Obolus (Lingulella)], Walcott [1898b, pp. 412-413] Lingulella punctata.

pusilla [Kutorgina cingulata], Gronwall [1902, p. 40] Micromitra pusilla.

Linnarsson [1876, p. 25] Do.

Matley [1902, pp. 146-147] Do.

puteis [Acrothele avia], Matthew [1902b, p. 398] Acrothele avia puteis.

Matthew [1903, p. 100] Do.

pygmsea [Lingula], Davidson [1866, p. 53] Lingulella (Lingulepis?) pygmsea.

Matley [1902, p. 141] Do.

Phillips [1871, p. 68] Do.

Salter [1865, p. 102] Do.

pyxidicula [Acrotreta], White [1874, p. 9] , Acrotreta pyxidicula.

White [1877, pp. 53-54] Do.

Q.

quacoensis [Billingsella], Schuchert [1897, p. 159] Protorthis quacoensis.

quacoensis [Orthis], Matthew [1886, pp. 43^4] Do.

quacoensis [Orthisina], Matthew [1891, p. 131] Do.

quacoensis [Protorthis], Hall and Clarke [1892c, p. 232] Do.

Walcott [1905a, pp. 284-285] Do.
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quadrilateralis [Obolus (Lingulella)], Walcott [1905a, p. 331] Lingulella quadrilateralis.

quadrilineata [Acrothele], Pompeckj [1896b, p. 511] Acrothele quadrilmeata.

Quebecia Walcott [1905a, p. 320] Quebecia.

Walcott [1908e, PI. XI, and pp. 142 and 145] Do.

Quebecia circe Walcott [1905a, pp. 320-321] Quebecia circe.

quenstedti [Obolus], Hall and Clarke [1892a, p. 243] Obolus apoUinis quenstedti.

Hall and Clarke [1892b, p. 559] Do.

Hall and Clarke [1892c, p. 339] Do.

Matthew [1903, p. 120] Do.

Mickwitz [1892, p. 62] Do.

Walcott [1898b, p. 385] Do.

quenstedti [Obolus apoUinis], Mickwitz [1896, pp. 143-145] Do.

R.

radula [Lingulella], Matthew [1891, pp. 147-148] Lingulella radula.

radulaaspera [Lingulella], Matthew [1903, pp. 204-205] Do.

Rafinesquina? atava Schuchert [1897, p. 338] Eoorthis atava.

randomensis [Obolus (Lingulella)], Walcott [1901, pp. 688-689] Lingulella randomensis.

rara [Nisusia], Walcott [1908d, p. 97] '. Nisusia rara.

rarus [Acrothele], Walcott [1905a, pp. 303-304] Acrothele rara.

recurva [Acrotreta], Kutorga [1848, pp. 277-278] Volborthia recurva.

recurva [Volborthia], Hall and Clarke [1892a, figs. 261 and 262, p. 249] Do.

Hall and Clax-ke [1892b, figs. 261 and 262, p. 565] Do.

Hall and Clarke [1892c, pp. 95-96] Do.

von Moller [1874, pp. 449^52] Do.

(Redlichella) [Acrothele], Walcott [1908d, pp. 89-90] Acrothele (Redlichella).

Walcott [1908e, PL XI, and pp. 142 and 146].... Do.

refulgens [MonoboUna], Matthew [1903, pp. 210-213] Obolus refulgens.

refulgens [Obolus], Matthew [1892, pp. 44-45] Do.

Matthew [1902c, p. 96] Do.

refulgens [Obolus?], Mickwitz [1896, pp. 23-24] Do.

refulgens [Obolus (Monobolina)], Matthew [1902c, p. 98] Do.

remnicha [Orthis?], Walcott [1899, pp. 451-452, PL LXI, figs. 3 and 3a;

PL LXII, figs. 1, Ic-d] Eoorthis remnicha. The te.xt includes

both E. remnicha and E. iddingsi.

Walcott [1899, pp. 451^52, PL LXII, figs, la-b] Eoorthis iddingsi. The text includes both

E. iddingsi and E. remnicha.

remnicha [Orthis], N. H. Winchell [1886, pp. 317-318] Eoorthis remnicha.

remnicha [Orthis (Plectorthis)], Walcott [1905a, pp. 268-269] Do.

remnicha [Pleetorthis], Grabau and Shimer [1907, p. 252] Do.

remnicha sulcata [Orthis (Plectorthis)], Walcott [1905a, p. 269] Eoorthis remnicha sulcata.

remnicha texana [Orthis (Plectorthis)], Walcott [1905a, p. 270] Eoorthis remnicha texana.

remnicha winfieldensis [Orthis (Plectorthis)], Walcott [1905a, p. 270] Eoorthis remnicha winfieldensis.

retroflexa [Billingsella], Matthew [1903, pp. 148-151] Billingsella retroflexa.

retroflexa [Clitambonites (Gonambonites) plana], Matthew [1895b, p. 267].. Do.

retroflexa [Orthis (Plectorthis)], Walcott [1905a, pp. 270-271] Do.

retroflexus [Clitambonites planus], Schuchert [1897, p. 184] Do.

rhea [Obolus], Walcott [lS98b, pp. 387-388] Obolus rhea.

richthofeni [Billingsella], Walcott [1905a, pp. 242-248] Billingsella richthofeni.

roberti [Lingulella], Matthew [1895b, pp. 256-257] Lingulella (Lingulepis) roberti.

roberti [Lingulepis], Matthew [1903, p. 132] Do.

robusta [Lingulepis gregwa], Matthew [1903, pp. 57 and 131] Lingulella (Lingulepis) gregwa robusta.

rogersi [Lingulella], Grabau [1900, pp. 624-625] Obolus (Westonia) rogersi.

rogerai [Obolus (Lingulella)], Walcott [1898b, pp. 413^15] Do.

rogersi [Obolus (Westonia)], Walcott [1901, p. 691] Do.

rokitzanensis [Obolus?], Barrande [1879b, PL CXXVI] Obolus rokitzanensis.

romingeri [Billingsella], Walcott [1905a, pp. 243-244] Billingsella romingeri.

Tomingeri [Orthis], Barrande [1848, p. 203] , Do.

Barrande [lS79a, PL LXII, figs. II : 1-4] Do.

Feistmantel Nisusia (Jamesella) kuthani.

Jahn Do.

Katzer Do.

Krejci - Do.
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romingeri [Orthis], Kusta Nisusia (Jamesella) kuthaui.

Novak Do.

Pompeckj [1896b, pp. 513-514] Billingsella romingsri.

Wentzel Nisusia (Jamesella) kuthaui.

rotunda [Lingulepis], Matthew [1903, p. 199] Lingulella rotunda.

rotunda [Ungula], Pander [1830, pp. 59 and 163]. Obolus apollinis.

rotundata [Syntrophia], Walcott [1905a, pp. 293-294] Syntrophia rotundata.

rotundatus [Obolus (Lingulella)], Walcott [lS98b, p. 415] Obolus rotundatus.

roualti [Lingula], Bornemann [1891, p. 439] Kutorgina sardiniaensis.

rowei [Obolus (Lingulepis)], Walcott [1905a, p. 334] Lingulella (Lingulepis) rowei.

rudis [Acrotreta], Walcott [1908d, pp. 95-96] Acrotreta rudis.

rugatus [Obolus (Acritis?)], Walcott [1901, p. 694] Obolus (Acritis?) rugatus.

rugosa [Schizopholis], Hall and Clarke [1892a, p. 248] Schizopholis rugosa.

Hall and Clarke [1892b, p. 564] Do.

Hall and Clarke [1892c, p. 95] : Do.

Waagen [1885, pp. 753-754] Do.

Waagen [1891, PL II, figs. 12-14] Do.

rugosicostata [Billingsella exporrecta], Walcott [1905a, p. 236] Billingsella exporrecta rugosicostata.

rugosus [Acrotreta ophirensis], Walcott [1902, p. 592] Acrotreta ophirensis rugosa.

Rustella Walcott [1905a, p. 311] Rustella.

Walcott [1908e, PI. XI, and pp. 142 and 143] Do.

Rustella edsoni Walcott [1905a, pp. 311-312] Rustella edsoni.

S.

sabrinse [Acrotreta (?)], Matley [1902, p. 143] Acrotreta sabrinae.

sabrinse [Metoptoma], Callaway [1874, p. 196] Do.

sabrinae [Obolella], Callaway [1877, p. 669] Do.

Davidson [1883, p. 211] Do.

Hall and Clai'ke [lS92c, p. 103] Do.

sabrinse malvernensis [Acrotreta (?)], Matley [1902, pp. 143-144] Do.

saffordi [Billingsella], Walcott [1905a, p. 244] Wimanella saffordi.

sagittalis [Acrotreta cf .], Walcott [new] Acrotreta cf. sagittalis.

sagittalis [Linnarssonia], Freeh [1897, PI. lA, fig. 3a] Acrotreta sagittalis.

Hall and Clarke [1892c, p. 108] Do.

Walcott [1885a, p. 115] Do.

Walcott [1889c, p. 442] Acrotreta depressa.

Walcott [1891a, PI. LXVIII, figs. 2a-d] Acrotreta sagittalis.

sagittalis [Obolella], Brogger [1882, p. 45] Do.

Davidson [1868, pp. 309-310] Do.

Davidson [1871, pp. 339-340] Do.

Davidson [1883, p. 211] Do.

Linnarsson [1876, pp. 19-20] Do.

Linnarsson [1879, pp. 27-28] Do.

Salter [1866a, p. 285] ,Do.

sagittalis [Obolella cf .], Wiman [1902, p. 66] Do.

sagittalis [Obolella (Acrotreta?)], Moberg and Segerberg [1906, p. 64] Do.

sagittalis belli [Obolella], Davidson [1871, desc. of PI. L, figs. 15-17] Acrotreta belti.

sagittalis magna [Acrotreta], Walcott [1902, pp. 595-596] Acrotreta sagittalis magna.

sagittalis taconica [Acrotreta], Walcott [1902, pp. 596-597] Acrotreta sagittalis taconica.

sagittalis taconica [Linnarssonia], Walcott [1889b, p. 36] Do.

Walcott [1891a, pp. 610-611] Do.

sagittalis transversa [Linnarssonia], Freeh [1897, PI. lA, fig. 3b] Acrotreta sagittalis transversa,

Walcott fl891a, desc. of PI. LXVIII,
figs. 2a, 2c-d] Do.

salemensis [Billingsella], Walcott [1905a, p. 245] Billingsella salemensis.

ealemensis [Orthis], Oehlert [1889, p. 1139] Do.

Walcott [1887, pp. 190-191] Do.

Walcott [1891a, pp. 612-613]. • Do.

saltensis [Orthis], Kayser [1876, p. 8] Eoorthis saltensis.

Kayser [1897, p. 280] Do.

saltensis [Orthis (Pleetorthis)], Walcott [1905a, p. 271] Do.

salteri [Obolella (?)], Davidson [1868, p. 311] Obolus (Broggeria) salteri.

salteri [Obolella], Holl [1865, p. 102] Do.
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salteri [Obolella (?)], Matley [1902, pp. 139-140] Obolus (Broggeria) salteri.

salteri [Obolella], Phillips [1871, p. 68] Do.

salteri? [Obolella], Davidson [1866, pp. 61-62] Do.

salteri [Obolus], Brogger [1882, pp. 44-45] Do.

salteri [Obolus?], Dall [1870, p. 163] Do.

Mickwitz [1896, p. 19] Do.

salteri [Obolus (Broggeria)], Moberg and Segerberg [1906, p. 64] Do.

Walcott [1903, pp. 605-606] Do.

salteri var.? [Obolus (Broggeria)], Westergard [1909, p. 56] Do.

sandbergi [Billingsella (Otusia)], Walcott [1905a, pp. 246-247] Otusia sandbergi.

sandbergi [Orthis (?)], Walcott [1899, pp. 452-453] Do.

sandbergi [Orthis], N . H. Winchell [1886, p. 318] Do.

sardiniaensis [Kutorgina], Walcott [1901, p. 695] Kutorgina sardiniaensis.

Walcott [1905a, p. 311] Do.

scabrinse [Obolella?], Walcott [1884b, PI. I, fig. Ic] Acrotreta sabrinse.

Schizambon Hall and Clarke [1892a, pp. 253-254] Schizambon.

Hall and Clarke [1892b, pp. 569-570] Do.

Hall and Clarke [1892c, pp. 113-117] Do.

Walcott [1884b, pp. 69-70] Do.

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Winchell and Schuchert [1895, p. 360] Do.

Schizambon ? esthonia Walcott [new] Schizambon ? esthonia.

Schizambon manitouensis Walcott [new] Schizambon manitouensis.

Schizambon priscus Matthew [1901a, pp. 277-278] Schizambon prisons.

Matthew [1903, pp. 187-189] Do.

Schizambon typicalis Hall and Clarke [1892a, p. 253] Schizambon typicalis.

Hall and Clarke [1892c, pp. 114, 116, and 117] Do.

Walcott [18S4b, pp. 70-71] Do.

Schizambonia Oehlert [1887, p. 1266] Schizambon.

Schizopholis Hall and Clarke [1892a, p. 248] Schizopholis.

Hall and Clarke [1892b, p. 564] Do.

Hall and Clarke [1892c, p. 94] Do.

Oehlert [1887, p. 1267] Do.

Waagen [1885a, p. 7.52] Do.

Walcott [1908e, PI. XI, and pp. 142 and 145] Do.

Schizopholis rugosa Hall and Clarke [1892a, p. 248] Schizopholis rugosa.

Hall and Clarke [1892b, p. 564] Do.

Hall and Clarke [1892c, p. 9.5] Do.

Waagen [1885a, pp. 753-7.54] Do.

Waagen [1891, PL II, figs. 12-14] Do.

schmalenseei [Acrotreta], Walcott [1902, pp. 597-598] Acrotreta schmalenseei.

schmalenseei [Obolus (Lingulella)], Walcott [1902, p. 605] Obolus schmalenseei.

schmidti [Obolus], Mickwitz [1896, pp. 152-1.54] Obolus schmidti.

Schmidtia Balsamo-Crivelli [1863] A genus of the Porifera.

Schmidtia Dall [1877, p. 62] Obolus (Schmidtia).

Hall and Clarke [1892a, p. 244] Do.

Hall and Clarke [1892b, p. 560] Do.

Hall and Clarke [1892c, p. 83] Do.

Oehlert [1867, p. 1261] Do.

Volborth [1869, pp. 208-209] Do.

Zittel [1880, p. 66.5] Dicellomus (in part) and Obolus
(Schmidtia) (in part).

(Schmidtia) [Obolus], Mickwitz [1896, p. 158] Obolus (Schmidtia).

Walcott [1901, p. 683] Do.

Walcott [1908e, PL XI, and pp. 142 and 144] Do.

(Schmidtia) acuminatus [Obolus], Mickwitz [1896, pp. 179-183] Obolus (Schmidtia) acuminatus,

(Schmidtia) acuminatus alatus [Obolus], Mickwitz [1896, pp. 183-184] Do.

(Schmidtia) acuminatus humeratus [Obolus], Mickwitz [1896, pp. 184-186] Do.

(Schmidtia) acuminatus subtriangularis [Obolus], Mickwitz [1896, pp. 186-

187] Do.

Schmidtia celata Hall and Clarke [1892a, p. 244] Obolus (Schmidtia) celatus.

Hall and Clarke [1892b, p. 560] Do.

Hall and Clarke [1892c, p. 83] Do.

Volborth [1869, pp. 209-212] Do.
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(Schmidtia) celatus [Obolus], Mickwitz [1896, pp. 159-163] Obolus (Schmidtia) celatus.

(Schmidtia) celatus orbiculatus [Obolus], Mickwitz [1896, pp. 163-165] Do.

(Schmidtia) celatus prascisus [Obolus], Mickwitz [1896, pp. 166-167] Do.

Schmidtia?? complexus Mickwitz [1896, pp. 19-20] Obolus compiexus.

(Schmidtia) crassus [Obolus], Mickwitz [1896, pp. 187-193] Obolus (Schmidtia) crassus.

(Schmidtia) crassus angulatus [Obolus], Mickwitz [1896, pp. 193-194] Do.

(Schmidtia) obtusus [Obolus], Mickwitz [1896, pp. 167-171] Obolus (Schmidtia) obtusus.

(Schmidtia) obtusus acutus [Obolus], Mickwitz [1896, pp. 172-173] Do.

(Schmidtia) obtusus ellipticus [Obolus], Mickwitz [1896, pp. 177-178] Do.

(Schmidtia) obtusus extenuatus [Obolus], Mickwitz [1896, pp. 178-179] Do.

(Schmidtia) obtusus latus [Obolus], Mickwitz [1896, pp. 174-175] Do.

(Schmidtia) obtusus longus [Obolus], Mickwitz [1896, pp. 171-172] Do.

(Schmidtia) obtusus minutus [Obolus], Mickwitz [1896, pp. 175-177] Do.

schucherti [Obolus (Lingulella)], Walcott [1901, pp. 689-690] Lingulella schucherti.

Schuchertina Walcott [1905a, p. 323] Schuchertina.

Walcott [1908e, PI. XI, and pp. 142 and 145] Do.

Schuchertina cambria Walcott [1905a, pp. 323-324] Schuchertina cambria.

scotica [Micromitra], Walcott [new] Micromitra scotica.

sculpta [Aulonotreta], Dall [1877, p. 16] Obolus (Acritis) antiquissimus.

Kutorga [1848, pp. 282-283] Do.

sculptilis [Iphidea (??)], Meek [1873, p. 479] Micromitra sculptilis.

eculptilis [Iphidea], Schuchert [1897, p. 235] Do.

Walcott [1899, pp. 447^148] Do.

sculptilis [Iphidella], Walcott [1905a, p. 308] Do.

sculptilis [Kutorgina], Walcott [1884b, p. 20] Do.

sculptilis endlichi [Micromitra], Walcott [1908d, p. 56] Micromitra sculptilis endlichi.

seebachi [Acrotreta], Moberg and Segerberg [1906, pp. 66-67] Acrotreta seebachi.

Walcott [1902, pp. 598-599] Do.

selwyni [Lingulella], Matthew [1895b, pp. 255-256] Obolus selwyni.

Matthew [1903, pp. 62-63] Do.

Matthew [1903, pp. 116-123] Do.

septalis [Obolus (Lingulella)], Walcott [1905a, p. 331] Obolus septalis.

sequens [Lingulella (Lingulepis) acuminata], Walcott [1908d, p. 72] Lingulella (Lingulepis) acuminata sequena.

sera [Acrothyra (signata)], Matthew [1902b, pp. 383-384] Acrothyra sera.

sera [Acrothyra signata], Matthew [1903, p. 56] Do.

Matthew [1903, pp. 87-88] . Do.

shantungensis [Acrotreta], Walcott [1905a, pp. 301-302] Acrotreta shantungensis.

shelbyeusis [Wimanella], Walcott [1908d, p. 100] Wimanella shelbyensis.

shensiensis [Obolus], Walcott [1905a, p. 327] Obolus ehansiensis.

siemiradzkii [Obolus (Lingulella)], Walcott [1901, pp. 690-691] Lingulella siemiradzkii.

signalis [Acrotreta], Walcott [1902, p. 599] Acrotreta signalis.

signata [Acrothyra], Matthew [1902b, pp. 381-382] Acrothyra signata.

Matthew [1903, p. 87] Do.

signata [Lingula?], Barrande [1868a, p. 103] Lingulella signata.

Barrande [1868b, p. 692] Do.

signata orta [Acrothyra], Matthew [1902b, pp. 385-386] •. Acrothyra signata orta.

Matthew [1903, pp. 89-90] Do.

signata prima [Acrothyra], Matthew [1902b, pp. 382-383] Acrothyra signata prima.

Matthew [1903, p. 73] Do.

(signata) sera [Acrothyra], Matthew [1902b, pp. 383-384] Acrothyra sera.

signata sera [Acrothyra], Matthew [1903, p. 56] Do.

Matthew [1903, pp. 87-88] Do.

signata tarda [Acrothyra], Matthew [1902b, pp. 384-385] Do.

Matthew [1903, p. 89] Do.

siluricus [Obolus], Eichwald [1843a, pp. 7-8] Obolus (Mickwitzella) siluricus.

Eichwald [1859, PL XXXVII, figs. 6 and 7a-b] Do.

Eichwald [I860, pp. 927-928] Do.

Mickwitz [1892, p. 60] Do.

Schmidt [1861, p. 218] Do.

Schmidt [1881, p. 17] Do.

Siemiradzki [1886, p. 672] Obolus (Acritis) antiquissimus.

siluricus [Obolus (Thysanotos)], Mickwitz [1896, pp. 195-199] Obolus (Mickwitzella) siluricus.

similis [Obolus (Lingulella)], Walcott [1898b, pp. 415-416] Lingulella similis.

simplex [Lingula], Barrande [1879b, PL CIV, figs, vi : 1-1] Lingulella? simplex.
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simplex [Wimanella], Walcott [1908d, p. 101] ' Wimanella simplex.

since [Obolus (Lingulella)], Walcott [189Sb, pp. 416^17] Obolus sinoe.

Siphonotreta Davidson [1853, pp. 131-133] Siphonotreta.

Davidson [1866, p. 75] Do.

Davidson [1877, pp. 13-16] Do.

Davidson [1883, pp. 217-219] Do.

Eichwald [1860, p. 915] Do.

Hall and Clarke [1892a, pp. 252-253] Do.

Hall and Clarke [1892b, pp. 568-.569] Do.

Hall and Clarke [1892c, pp. 110-113] ; Do.

Jeremejew [1856, pp. 73 and 80] Helmersenia.

Kutorga [1848, pp. 261-263] Siphonotreta.

Morris [1849, pp. 315-320] Do.

Morris [1850, pp. 57-58] Do.

Oehlert [1887, p. 1265] Do.

Quenstedt [1871, pp. 673-674] Do.

Seebach [1865, p. 341] Do.

de Verneuil [1845, p. 286]
'. Do.

Walcott [1908e, PL XI, and pp. 142 and 146] ..-. Do.

Winchell and Schuchert [1895, p. 358] Do.

Zittel [1880, pp. 665-666] Do.

Siphonotreta ? dubia Walcott [new] Siphonotreta ? dubia.

Siphonotreta ladogensis Jeremejew [1856, pp. 73 and SO] Helmersenia ladogensis.

Siphonotreta unguiculata Davidson [1853, PL IX, figs. 261-265, 269, and

270] Siphonotreta unguiculata.

Davidson [1877, pp. 14 and 1.5] Do.

Eichwald [1860, pp. 915-916] Do.

Gagel [1890, p. 23] Do.

Hall and Clarke [1892a, p. 253] Do.

Hall and Clarke [1892c, p. Ill] Do.

Kutorga [1848, pp. 264 and 284] Do.

Quenstedt [1871, p. 674] Do.

Quenstedt [1885, p. 755] Do.

Schmidt [1861, p. 218] Do.

de Verneuil [1845, pp. 286-287] Do.

Walcott [1884b, p. 16] Do.

Zittel [1880, p. 666] Do.

Siphonotreta unguiculata var. a Kutorga [1848, p. 284] Do.

Siphonotreta unguiculata var. /3 Kutorga [1848, pp. 264-265] Do.

Siphonotreta unguiculata var. ;- elongata Kutorga [1848, p. 265] Do.

Siphonotreta verrucosa Davidson [1853, PL IX, figs. 267 and 268] Siphonotreta verrucosa.

Eichwald [1860, pp. 916-917] Do.

Gagel [1890, p. 22] Do.

Kutorga [1848, pp. 266-267] -• Do.

Morris [1849, PL VII, figs. 2a-d] Do.

Quenstedt [1871, p. 674] Do.

Quenstedt [1885, p. 755] Do.

Schmidt [1861, p. 218] Do.

de Verneuil [1845, p. 287] Do.

rsipo [Acrotreta], Matthew [1902b, pp. 406-^07] Acrotreta bisecta.

Matthew [1903, pp. 185-186] Do.

smithi [Obolus], Walcott [1908d, pp. 62-63, PL VII, fig. 9a] Obolus smithi.

Walcott [1908d, PL VII, fig. 9] Micromiti-a (Paterina) major.

socialis [Acrotreta], Gronwall [1902, p. 39] Either Acrotreta schmalenseei or A. socialis.

(Seep. 712.)

Linnarsson [1876, pp. 16-18] Acrotreta schmalenseei.

Linnarsson [1877, p. 374] Either Acrotreta schmalenseei or A. socialis.

(See p. 712.)

von Seebach [1865, p. 341] Acrotreta socialis.

Walcott [1902, pp. 599-600] Do.

Wallerius [1895, p. 66] Acrotreta schmalenseei.

socialis [Acrotreta cf.], Brogger [1882, pp. 46-47, PL X, figs. 2, 2a-b] Acrotreta carinata.

Brogger [1882, pp. 46—47, PL X, figs. 3 and 4] Not referred in this monograph.

Matley [1902, pp. 144-145] Acrotreta sabriuEe.
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socialis [Acrotreta cf .], Matthew [1902b, pp. 392-394] Acrotreta sp. undt., not A. socialis.

Matthew [1903, pp. 183-185] Do.

solidus [Obolus (Leptembolon) lingulseformis], Mickwitz [1896, pp. 204-

205] , Lingulella (Leptembolon) lingulaeformis.

spatulus [Obolus (Lingulella)], Walcott [1902, p. 607] Lingulella (Liagulepis) spatula.

spencei [Protorthis], Walcott [1905a, p. 285] Nisusia (Jamesella) spencei.

Sphserobolus Matthew [1895b, p. 263] Obolus (Lingulobolus).

Sphserobolus spissus Grabau [1900, pp. 622-623] Obolus (Lingulobolus) spissus.

Matthew [1895b, pp. 263-266] Do.

spiuosa [Acrotreta], Walcott [1905a, p. 302] Acrotreta spinosa.

Spirifera? lenticularis von Buch [1834, p. 48] Orusia lenticularis.

epissa [Lingulella?], Billings [1872b, pp. 468-469] ; . . .Obolus (Lingulobolus) spissus.

Billings [1874, pp. 67-68] Do.

Billings [1882, p. 15] Do.

spissus [Obolus (Liugulobolus)], Walcott [1898a, p. 327] Do.

spissus [Sphserobolus], Grabau [1900, pp. 622-623] Do.

Matthew [1895b, pp. 263-266] Do.

spurri [Acrothele], Walcott [1908d, pp. 86-87] Acrothele spurri.

squama [Davidsonella], Waagen [1885, pp. 766-767] Neobolus warthi.

squamosa [?Lingula], Davidson [1866, p. 41] Lingulella (Lingulepis?) squamosa.

squamosa [Lingula], HoU [1865, p. 102] Do.

starri [Lingulella], Matthew [1891, pp. 146-147] Lingulella (Lingulepis) starri.

starri [Lingulepis], Matthew [1903, p. 195] Do.

starri exigua [Lingulepis], Matthew [1903, pp. 197-198] Lingulella (Lingulepis) exigua.

starri minor [Lingulella], Matthew [1892, pp. 58-59] Lingulella minor.

starri var. [Lingulepis], Matthew [1903, pp. 193-197] Lingulella (Lingulepis) exigua.

stissingensis [Iphidea], Schuchert [1897, p. 234] Micromitra (Paterina) stissingensis.

stissingensis [Iphidella], Walcott [1905a, p. 308] Do.

stissingensis [Kutorgina], Dwight [1889, pp. 145-147] Do.

Dwight [1891, p. 105] Do.

stissingensis ora [Micromitra (Paterina)], Walcott [new] Micromitra (Paterina) stissingeosis era.

stoneana [Lingulella], Hall and Clarke [1892c, PI. II, figs. 9-11] Obolus (Westonia) stoneanus.

Weller [1903, p. 112] Do.

RTiitfield [1882, pp. 344-345] Do.

stoneanus [Obolus (Westonia)], Walcott [1901, p. 691] Do.

striata [Billingsella], Walcott [1905a, p. 245] Billingsella striata.

Strophomena atava Matthew [1893b
, pp . 102-103] Eoorthis atava

.

Strophomena? atava Moberg and Segerberg [1906, PI. II, figs. 7, 7a-b] Do.

Strophomena (Eostrophomena) Walcott [1905a, p. 256] Eostrophomena.
'

Strophomena (Eostrophomena) elegantula Walcott [1905a, pp. 256-257] ..Eostrophomena elegantula.

Strophomena (Eostrophomena) walcotti Moberg and Segerberg [1906, p. 71]. Do.

strophomenoides [Orthis lenticularis], Matthew [1892, p. 49] Orusia lenticularis.

Matthew [1903, p. 217] Do.

stuarti [Micromitra (Paterina)], Walcott [1908d, p. 58] Micromitra (Paterina) stuarti.

subconica [Acrotreta], Davidson [1853, PI. IX, figs. 271-275] Acrotreta subconica.

Kutorga [1848, p. 275] Do.

Meek [1873, p. 463] Acrotreta attenuata (in part), A. attenuata

var. (in part), and A. idahoensis (in part).

Quenstedt [1885, p. 755] : Acrotreta subconica.

von Seebach [1865, p. 341]
."

Do.

Walcott [1902, pp. 600-601] Do.

subquadrata [Nisusia (Jamesella) perpasta], Walcott [1905a, p. 255] Nisusia (Jamesella) perpasta eubquadrata.

subquadrata [Orthis perpasta], Pompeckj [1896b, p. 516] Do.

subsidua [Acrothele], Beecher [1891, PI. XVII, fig. 12] Acrothele subsidua.

Grabau and Sh'imer [1907, p. 200] Do.

Hall and Clarke [1892c, pp. 100 and 103] Do.

Matthew [1902c, p. 110] Do.

Matthew [1903, p. 103] Acrothele spurri.

Walcott [1886b, pp. 108-109, PI. IX, figs. 4a-c] Acrothele subsidua. The paragraph on
page 109 includes i-eference to this spe-

cies and to Acrothele spurri.

Walcott [1886b, p. 109, PL IX, fig. 4] Acrothele spurri. The paragraph on page
109 includes reference to this species and
to Acrothele subsidua.
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subsidua [Acrothele], Walcott [1891a, p. 608, Pi. LXX, fig. 1] Acrothele spurri. The text includes refer-

ence to this species and to Acrothele sub-

sidua.

Walcott [1891a, pp. 608-609, PI. LXX, figs. la-c].... Acrothele subsidua. The text includes

reference to this species and to Acrothele

spurri.

White [1880, p. 47] Acrothele subsidua.

subsidua [Acrotreta?], AVhite [1874, p. 6] Do.

\ATiite [1877, pp. 34-36] Do.

subsidua hera [Acrothele], Walcott [1908d, p. 87] Acrothele subsidua hera.

subsidua leevis [Acrothele], Walcott [new] Acrothele subsidua Isevis.

subtriangularis[Obolus(Schmidtia) acuminatus], Mickwitz [1896, pp. 186-

187] Obolus (Schmidtia) acuminatus.

sulcata [Acrotreta idahoensis], Walcott [1902, p. 588] Acrotreta idahoensis sulcata.

sulcata [Crania], Eichwald [1829, p. 274] Siphonotreta unguiculata.

sulcata [Orthis (Plectorthis) remnicha], Walcott [1905a, p. 269] Eoorthis remnicha sulcata.

sulcatus [Discinopsis], Walcott [1906, pp. 568-569] Discinopsis? sulcatus.

superba [Iphidea], Walcott [1897b, p. 711]..' Micromitra (Paterina) superba.

swantonensis [Iphidea], Grabau and Shimer [1907, p. 201] Micromitra (Paterina) labradorica swanton-

ensis.

swantonensis [Iphidea labradorica], Schuchert [1897, p. 234] Do.

swantonensis [Iphidella labradorica], Walcott [1905a, p. 307] Do.

swantonensis [Kutorgina labradorica], Walcott [1890b, p. 36] Do.

Walcott [1891a, p. 609] Do.

Swantonia Walcott [1905a, p. 296] Swantonia.

Walcott [1908e, PI. XI, and pp. 142 and 148] Do.

Swantonia antiquata Walcott [1905a, pp. 296-297] Swantonia'antiquata.

Swantonia weeksi Walcott [1905a, p. 297] Swantonia weeksi.

Syntrophia Grabau and Shimer [1907, p. 270] Syntrophia.

Hall and Clarke [1892c, p. 270] Do.

Hall and Clarke [1893b, pp. 216-218] Do.

Hall and Clarke [1894a, p. 836] Do.

Walcott [1905a, pp. 288-289] , . . . Syntrophia (in part) and Huenella (in part).

Walcott [1908e, PI. XI, and pp. 142 and 148] Syntrophia.

Syntrophia abnormis Walcott [1905a, pp. 289-290] Huenella abnormis.

Syntrophia alata Walcott [1905a, p. 290] Syntrophia alata.

Syntrophia barabuensis Hall and Clarke [1893b, p. 216] Syntrophia barabuensis.

Walcott [1905a, pp. 290-291] Do.

Syntrophia billingsi Walcott [1905a, pp. 291-292] Huenella billingsi.

Syntrophia calcifera Grabau and Shimer [1907, p. 271] Syntrophia nundina.

Syntrophia? calcifera Hall and Clarke [1893b, p. 218] Syntrophia calcifera.

Syntrophia Cambria Walcott [1908d, pp. 106-107] Syntrophia cambria.

Syntrophia campbelli Walcott [1908d, pp. 107-108] Syntrophia campbelli.

Syntrophia lateralis Hall and Clarke [1892c, p. 270] , Syntrophia lateralis.

Hall and Clarke [1893b, p. 217] Do.

Hall [1894a, p. 837] Do.

Syntrophia nundina Walcott [1905a, p. 292] Syntrophia nundina.

Syntrophia orientalis Walcott [1905a, p. 292] Huenella orientalis.

Syntrophia orthia Walcott [1905b, pp. 11-12] Syntrophia orthia.

Syntrophia primordialis Hall and Clarke [1893b, p. 218] Syntrophia primordiali ;.

Walcott [1905a, p. 292] 'Do.

Syntrophia primordialis argia Walcott [1905a, p. 293] Syntrophia primordialis argia.

Syntrophia rotundata Walcott [1905a, pp. 293-294] Syntrophia rotundata.

Syntrophia texana Walcott [1905a, p. 294] Huenella texana.

Syntrophia texana Iseviusculus Walcott [1905a, pp. 294-295] Huenella texana teviusculus.

Syntrophia? unxia Walcott [1908d, pp. 108-109] Syntrophia? unxia.

T.

taconica [Acrotreta sagittalis], Walcott [1902, pp. 596-597] Acrotreta sagittalis taconica.

taconica [Linnarssonia], Oehlert [1889, p. 1138] Do.

Walcott [1887, pp. 189-190] ... Do.

taconica [Linnarssonia sagittalis], Walcott [1889b, p. 36] Do.

Walcott [1891a, pp. 610-611] Do.

tarda [Acrothyra signata], Matthew [1902b, pp. 384-385] Acrothyra sera.
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tarda [Acrothyra signata], Matthew [1903, p. 89] Acrothyra sera.

tarpa [Obolus ( Lingulella)], Walcott [1898b, pp. 417-418] Lingulella tarpa.

tatei [Orthis (?)], Etheridge, jr. [1905, p. 249] Eoorthis tatei.

Tellinomya McCoy [1854, p. 274] Lingulella.

Tellinomya lingulse-comes McCoy [1851a, p. 56] Lingulella davisi.

Salter Does not equal Lingulella davisi.

Tellinomya lingulicomes McCoy [1854, p. 274] Lingulella davisi.

tennesseensis [Linnarssonella], Walcott [1902, pp. 604-605] Linnarssonella tennesseensis.

Terebratula Eichwald [1840, p. 138 (24)] Siphonotreta (in part).

Eichwald [1843b, p. 145] Siphonotreta.

Terebratula unguiculata Eichwald [1840, pp. 138-140 (24-26)] Siphonotreta unguiculata.

Eichwald [1842, p. 145] Do.

Terebratula verrucosa Eichwald [1840, pp. 140-141 (26-27)] Siphonotreta verrucosa.

tetonensis [Acrotreta microscopica], Walcott [1902, p. 590] Acrotreta microscopi'ca tetonensis.

tetonensis [Obolus], Walcott [1901, p. 684] Obolus tetonensis.

Walcott [1905a, p. 327] Do.

tetonensis leda [Obolus], Walcott [1908d, p. 63] Obolus tetonensis leda.

tetonensis ninus [Obolus], Walcott [1905a, p. 328] ."Obolus tetonensis ninus.

texana [Lingulella], Walcott [1908d, p. 71] Lingulella texana.

texana [Orthis (Plectorthis) remnicha], Walcott [1905a, p. 270] Eoorthis remnicha texana.

texana [Syntrophia], Walcott [1905a, p. 294] Huenella texana.

texana Iseviusculus [Syntrophia], Walcott [1905a, pp. 294-295] Huenella texana laeviusculus.

themis [Obolus (Westonia)], Walcott [1905a, pp. 336-337] Obolus (Westonia) themis.

thyone [Eoorthis], Walcott [1908d, pp. 105-106] Eoorthis thyone.

Thysanota Albers [1860, p. 63] A genus of the Gastropoda.

(Thysanotos) [Obolus], Mickwitz [1896, pp. 194-195] Obolus (Mickwitzella).

(Thysanotos) siluricus [Obolus], Mickwitz [1896, pp. 195-199] Obolus (Mickwitzella) siluricus.

(Thysanotus) [Obolus], Walcott [1901, p. 683] Obolus (Mickwitzella).

torrentis [Leptobolus], Matthew [1903, pp. 74-75] Lingulella torrentis. ,

torrentis [Obolus], Matthew [1902c, p. 94] Obolus? torrentis.

Matthew [1903, p. 76] Do.

transversa [Linnarssonella], Walcott [1908d, p. 92] Linnarssonella transversa.

transversa [Linnarssonia], Hall and Clarke [1892a, PI. Ill, figs. 22 and 23] . Acrotreta sagittalis transversa.

Hall and Clarke [1892c, p. 108] Do.

Matthew [1886, p. 35] Do.

Matthew [1895a, p. 125] Do.

Walcott [18S5a, p. 115] .•. . . Do.

transversa [Linnarssonia sagittalis], Freeh [1897, PL lA, fig. 3b] Do.

Walcott [1891a, desc. of PI. LXVIII,
figs. 2a, 2c, and 2d] Do.

transversa [Nisusia festinata], Walcott [1905a, p. 251] Nisusia festinata transversa.

transversa [Obolella], Hartt [1868, p. 644] Acrotreta sagittalis transversa.

Hartt [1878, p. 644] Do.

Hartt [1891, p. 644] Do.

Walcott [1884a, p. 16] : . Do.

transversa [Orthisina?], Walcott [1886b, p. 121] Nisusia festinata transversa.

Walcott [1891a, p. 613] Do.

transversa [Ungula], Pander [1830, pp. 59 and 154, PI. Ill, fig. 24] Obolus apollinis quenstedti.

Pander [1830, pp. 59 and 163, PL XXVIII, figs. 7a-b

and 8a-b?] Obolus apollinis. The text includes

Obolus apollinis quenstedti.

Trematis pannulus White [1874, p. 6] Micromitra (Iphidella) pannula.

\^Tiite [1877, pp. 36-37] Do.

Trematobolus Hall and Clarke [1892a, p. 252] Trematobolus.

Hall and Clarke [1892b, p. 568] Do.

Matthew [1893a, pp. 276-279] Do.

Matthew [1894, pp. 88-90] Do.

Matthew [1895a, pp. 122-125] Do.

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Trematobolus excelsis Walcott [190Sd, pp. 80-81] Trematobolus excelsis.

Trematobolus insignis Hall and Clarke [1892a, p. 252] Trematobolus insignis.

Hall and Clarke [1892b, p. 568] Do.

Matthew [1893a, pp. 276-279] Do.

Matthew [1894, pp. 88-90] Do.
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Trematobolus insignia Matthew [1895a, pp. 122-125] Trematobolus insignia.

Matthew [lS95c, p. 95] Do.

Matthew [1898, p. 35] Do.

triangularis [Obelus], Mickwitz [1896, pp. 145-147] Obolus triangularis.

Moberg and Segerberg [1906, p. 65] Do.

Westergard [1909, p. 56] Do.

triangularis pTnguIa], Pander [1830, pp. 59, 154, and 163] Obolus apoUinis.

triangularis inornatus [Obolus], Mickwitz [1896, pp. 148-149] Obolus triangularis.

triparilis [Obolus], Matthew [1902c, p. 94] Lingulella triparilis.

triparilis [Obolus (Eoobolus)], Matthew [1903, pp. 136-137] Do.

Triplecia? calcifera Hall and Clarke [1892c, p. 270] Syntrophia calcifera.

Triplecia? primordialis Hall and Clarke [1892c, p. 270] Syntrophia primordialis.

Triplesia calcifera Walcott [lS84b, pp. 75-76] Syntrophia nundina.

Triplegia lateralis 'Whittield [1886, p. 303] : Syntrophia lateralis.

Triplesia primordialis 'WTiitfield [1878, p. 51] Syntrophia primordialis.

Whitfield [1882, p. 172] Do.

tritavus [Leptobolus atavus], Matthew [1903, p. 109] Lingulella torrentis.

tullbergi [Orthis (Plectorthis)], Moberg and Segerberg [1906, p. 69] Eoorthis tullbergi.

Walcott [1905a, p. 271] Do.

tumida [Lingulella], Matthew [1899b, p. 200] Lingulella tumida.

Matthew [1903, p. 123] Do.

tumeri [Acrothele], Walcott [1908d, pp. 87-88] Acrothele turneri.

typicalis [Schizambon], Hall and Clarke [1892a, p. 253] Schizambon typicalia.

Hall and Clarke [1892c, pp. 114, 116, and 117]. . Do.

Walcott [1884b, pp. 70-71]
, Do.

U.
uhichi [Acrotreta], Walcott [1908.d, pp. 96-97] Acrotreta ulrichi.

undosa [Kutorgina], Moberg [1892b, p. 112] Micromitra (Paterina) undosa.

unguiculata [Crania], Eichwald [1829, p. 274] Siphonotreta unguiculata.

unguiculata [Siphonotreta], Davidson [1853, PI. IX, figs. 261-265, 269, and

270]. .fc Do.

Davidson [1877, pp. 14 and 15] Do.

Eichwald [1860, pp. 915-916] Do.

Gagel [1890, p. 23] Do.

Hall and Clarke [1892a, p. 253] Do.

Hall and Clarke [1892c, p. Ill] Do.

Kutorga [1848, pp. 264 and 284] Do.

Quenstedt [1871, p. 674] Do.

Quenstedt [1885, p. 755] Do.

Schmidt [1861, p. 218] Do.

de Verneuil [1845, pp. 286-287] Do.

Walcott [1884b, p. 16] Do.

Zittel [1880, p. 666] Do.

unguiculata var. a [Siphonotreta], Kutorga [1848, p. 284] Do.

unguiculata var. /3 [Siphonotreta], Kutorga [1848, pp. 264-265] Do.

unguiculata var. y elongata [Siphonotreta], Kutorga [1848, p. 265] Do.

unguiculata [Terebratula], Eichwald [1840, pp. 138-140 (24-26)] Do.

Eichwald [1842, p. 145] Do.

unguiculus [Lingulella], Salter [1866a, p. 285] Lingulella ferruginea.

Ungula Dall [1877, p. 75] Obolus.

Pander [1830, pp. 57-58] Do.

Ungula convexa Pander [1830, pp. 59 and 163] Obolus apollin's quenstedti.

Ungula ovata Pander [1830, p. 59, PI. XXVIII, figs. 6a-b] Obolus (Schmidtia) celatus.

Pander [1830, pp. 59 and 154, PI. Ill, fig. 23] Obolus apoUinis.

Ungula plana Pander [1830, pp. 59 and 163] Do.

Ungula plana or convexa Pander [1830, p. 163] Do.

Ungula rotunda Pander [1830, pp. 59 and 163] Do.

Ungula transversa Pander [1830, pp. 59 and 154, PI. Ill, fig. 24] Obolus apoUinis quenstedti.

Pander [1830, pp. 59 and 163, PI. XXVIII, figs. 7a-b

and 8a-b?] Obolus apoUinis. The text includes also

Obolus apollinis quenstedti^

Ungula triangularis Pander [1830, pp. 59, 154, and 163] Obolus apollinis.

ungula [Orthis], von Buch [1841, pp. 7-8] Do.
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Unguliten von Buch [1841, p. 7] i Obolus.

Pander [1830, pp. 55-58] Do.

Quenstedt [1837, pp. 143-145] Do.

Ungulites Quenstedt [1885, p. 756] Do.

Ungulites apoUinis Quenstedt [1885, pp. 755 and 756] Obolus apoUinis.

Ungulites sp. Quenstedt [1837, pp. 143-145] Obolus apoUinis quenstedti.

unxia [Syntrophia?], Walcott [1908d, pp. 108-109] Syntrophia? unxia.

upis [Obolus (Lingulella)], Walcott [1905a, pp. 331-332] Lingulella upis.

uplandensis [Acrotreta], Walcott [1905a, p. 802] Acrotreta uplandica.

uplandica [Acrotreta], Wiman [1902, p. 54] Do.

uplandica limonensis [Acrotreta], Walcott [1905a, p. 303] Acrotreta uplandica limoensis.

urania [Linnarssonella], Walcott [1908d, pp. 92-93] Linnarssonella urania.

utahensis [Iphidella labradorica], Walcott [1905a, p. 306] Micromitra (Paterina) labradorica utahen-

sis.

utahensis [Nisusia (Jamesella)], Walcott [1905a, pp. 255-256] Nisusia (Jamesella) utahensis.

utahensis [Otusia], Walcott [new] Otusia utahensis.

Y.
varians [Discina], Barrande [1868a, pp. 103-104] Orbiculoidea varians.

Barrande [1868b, p. 692] Do.

Pompeckj [1896a, p. 4] Do.

vaticina [Orthisina], Mallada [1875, p . 32] Nisusia? vaticina.

de Verneuil and Barrande [1860, pp. 533-535] Do.

ventrosus [Obolus (Acritis) antiquissimus], Mickwitz [1896, pp. 213-214]. .Obolus (Acritis) antiquissimus.

vermilionensis [Obolella], Walcott [new] Obolella vermilionensis.

vermontana [Huenella], Walcott [new] Huenella vermontana.

verrucosa [Siphonotreta], Davidson [1853, PI. IX, figs. 267 and 268] Siphonotreta verrucosa.

Eichwald [1860, pp. 916-917] Do.

Gagel [1890, p. 22] Do. *

Kutorga [1848, pp. 266-267] Do.

Morris [1849, PI. VII, figs. 2a-d] Do.

Quenstedt [1871, p. 674] Do.

Quenstedt [1885, p. 755] Do'

Schmidt [1861, p. 218] Do.

de Verneuil [1845, p. 287] Do.

verrucosa [Terebratula], Eichwald [1840, pp. 140-141 (26-27)] Do.

villaboimensis [Acrothele], Delgado [1904, p. 365] Acrothele villaboimensis.

volborthi [Obolus], Mickwitz [1896, pp. 155-157] Obolus volborthi,

Volborthia Hall and Clarke [1892a, p. 249] Volborthia.

Hall and Clarke [1892b, p. 565] Do.

Hall and Clarke [1892c, pp. 95-96] Do.

von Moller [1874, pp. 449-452] Do.

Walcott [1908e, PI. XI, and pp. 142 and 143] Do.

Volborthia recurva Hall and Clarke [1892a, figs. 261 and 262, p. 249] Volborthia recurva.

Hall and Clarke [1892b, figs. 261 and 262; p. 565] Do.

Hall and Clarke [1892c, pp. 95-96] Do.

von Moller [1874, pp. 449^52] Do.

W.
walcotti [Strophomena (Eostrophomena)], Moberg and Segerberg [1906,

p. 71] Eostrophomena elegantula.

wanneri [Yorkia], Walcott [1897b, p. 715] Yorkia wanneri.

wanniecki [Lingulella], Eedlich [1899, p. 7] Lingulella wanniecki.

wanniecki [Obolus (Lingulella)], Walcott [1905a, p. 332] Do.

wapta [Micromitra (Paterina)], Walcott [1908d, p. 59] Micromitra (Paterina) wapta.

warthi [Lingula?], Waagen [1885a, pp. 769-770] Lingulella kiurensis.

Waagen[1891, PI. II, figs. 18a-b] Do.

warthi [Neobo^us], Freeh [1897, PL lA, figs. 5a-b] Neobolus warthi.

Hall and Clarke [1892a, p. 24.5] Do.

Hall and Clarke [1892b, p. 561] Do.

Hall and Clarke [1892c, p. 84] • Do.

Oehlert [1887, p. 1263] Do
Waagen [1885a, pp. 758-7.59] Do.

Waagen [1891, PL II, figs. 5-9] Do.

warthi [Orthis], Waagen [1891, pp. 102-104] Wynnia warthi.
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wasatchensis [Obolus (Westonia)], Walcott [1908d, pp. 69-70] Obolus (Westonia) wasatchensis.

washingtonensis [Yorkia?], Walcott [1897b, pp. 715-716] Yorkia? washingtonensis.

weeksi [Swantonia], Walcott [1905a, p. 297] Swantonia weeksi.

welleri [Obolus (Lingulella)], Walcott [1902, p. 608] Lingulella welleri.

(Westonia) Matthew [1903, pp. 205-206] Obolus (Westonia).

(Westonia) [Obolus], Walcott [1901, pp. 683 and 691] Do.

Walcott [1908e, PI. XI, and pp. 142 and 144] Do.

(Westonia) alandensis [Obolus], Walcott [1905a, p. 334] Obolus (Westonia) alandensis.

(Westonia) aurora [Obolus], Walcott [1901, p. 691] Obolus (Westonia) aurora.

(Westonia) baltica [Obolus], Walcott [1905a, p. 334] Obolus (Westonia) balticus.

(Westonia) blackwelderi [Obolus], Walcott [1905a, p. 335] Obolus (Westonia) blackwelderi.

(Westonia) bottnica [Obolus], Walcott [1905a, pp. 335-336] Obolus (Westonia) bottnicus.

(Westonia) chuarensis [Obolus], Walcott [1901, p. 691] Obolus (Westonia) chuarensis.

(Westonia) dartoni [Obolus], Walcott [1908d, p. 67] Obolus (Westonia) dartoni.

/Westonia) ella [Lingulella], Grabau and Shimer [1907, p. 193] Obolus (Westonia) ella.

(Westonia) ella [Obolus], Walcott [1901, p. 691] Do.

(Westonia) ella onaquiensis [Obolus], Walcott [1908d, pp. 67-68] Obolus (Westonia) ella onaquiensis.

(Westonia) elongatus [Obolus], Walcott [1908d, p. 68] Obolus (Westonia) elongatus.

Westonia escasoni Matthew [1903, pp. 206-209] Obolus (Westonia) escasoni.

(Westonia) escasoni [Obolus], Walcott [1901, p. 691] Do.

(Westonia) euglyphus [Obolus], Walcott [1901, p. 691] Obolus (Westonia) euglyphus.

(Westonia) finlandensis [Obolus], Walcott [1902, pp. 611-612] Obolus (Westonia) finlandensis.

(Westonia) iphis [Obolus], Walcott [1905a, p. 336] Obolus (Westonia) iphis.

(Westonia?) lamellosus [Obolus], Walcott [1901, p. 691] Obolus (Westonia?) lamellosus.

(Westonia) notchensis [Obolus], Walcott [1908d, p. 69] Obolus (Westonia) notchensis.

(Westonia) rogersi [Obolus], Walcott [1901, p. 691] Obolus (Westonia) rogersi.

' (Westonia) stoneanus [Obolus], Walcott [1901, p. 691] Obohis (Westonia) stoneanus.

(Westonia) themis [Obolus], Walcott [1905a, pp. 336-337] Obolus (Westonia) themis.

(Westonia) wasatchensis [Obolus], Walcott [1908d, pp. 69-70] Obolus (Westonia) wasatchensis.

(Westonia) wimani [Obolus], Walcott [1905a, p. 337] Obolus (Westonia) wimani.

whiteavesi [Bicia], Walcott [1901, p. 680] Bicia whiteavesi.

whitfieldi [Billingsella], Schuchert [1897, p . 159] Billingsella whitfieldi.

Walcott [1905a, p. 246] Do.

whitfieldi [Kutorgina], Walcott [1884b, pp. 18-19] Do.

wichitaensis [Orthis (Plectorthis)], Walcott [1905a, pp. 271-272] Eoorthis wichitaensis.

wichitaensis laeviusculus [Orthis (Plectorthis)], Walcott [1905a, p. 272] Eoorthis wichitaensis Iseviusculus.

williardi [Micromitra (Paterina)], Walcott [1908d, p. 60] Micromitra (Paterina . williardi.

willisi [Obolus (Lingulella)], Walcott [1898b, pp. 418^19] Obolus willisi.

Wimanella Walcott [1908d, pp. 98-99] Wimanella.

Walcott [1908e, PI. XI, and pp. 142 and 148] Do.

Wimanella inyoensis Walcott [1908d, p. 99] Wimanella inyoensis.

Wimanella shelbyensis Walcott [1908d
, p . 100] Wimanella shelbyensis.

Wimanella simplex Walcott [1908d, p. 101] Wimanella simplex.

wimani [Obolus (Westonia)], Walcott [1905a, p. 337] Obolus (Westonia) wimani.

wimani [Orthis (Plectorthis)], Moberg and Segerberg [1906, p. 70] Eoorthis wimani.

Walcott [1905a, p. 272] Do.

winfieldensis [Orthis (Plectorthis) remnicha], Walcott [1905a, p. 270] Eoorthis remnicha winfieldensis.

wingi [Protorthis], Walcott [1905a, p. 286] , Protorthis wingi.

winona [Lingula], Hall [1863, p. 126] Lingulella winona.

Hall [1867, p. 102] Do.

Sardeson [1896, p. 96] Do.

winona [Lingulella], Schuchert [1897, p. 258] Do.

winona convexus [Obolus (Lingulella)], Walcott [1901, p. 691] Lingulella winona convexa.

witrialpensis [Obolella] , Etheridge [1905, p . 248] Obolella wirrialpensis

.

wirrialpensis calceoloides [Obolella], Etheridge [1905, p. 249] Do.

wirthi [Lingula], Barrande [1868a, p. 101] Lingulella wirthi.

Barrande [1868b, p. 691] Do.

woodworthi [Acrothele] , Walcott [1908d
, p . 88] Acrothele woodworthi

.

wortheni [Obolus], Walcott [1908d, pp. 63-64] Obolus wortheni.

wynnei [Neobolus], Waagen [1885a, pp. 759-761] Neobolus warthi.

Waagen [1891, PI. II, figs. 10 and 11] Do.

Wynnia Walcott [1908e, PL XI, and pp. 142 and 148] Wynnia.
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yorkensis [Acrothele], Walcott [1908d, pp. 88-89] Acrothele yorkensis.

Yorkia Walcott [1897b, p. 714] Yorkia.

Walcott [1908e, PI. XI, and pp. 142 and 146] Do.

Yorkiamiqueli Walcott [new] Yorkia miqueli.

Yorkia? orientalis Walcott [1906, pp. 569-570] Yorkia? orientalis.

Yorkia wanneri Walcott [1897b, p. 715] Yorkia wanneri.

Yorkia? washingtonensis Walcott [1897b, pp. 715-716] Yorkia? washingtonensis.

Z.

zeno [Eoorthis], Walcott [1908d, p. 106] Eoorttis zeno.

zenobia [Micromitra], Walcott [new] Micromitra zenobia.

zetus[Obolus (Lingulella)], Walcott [1898b, p. 419] Obolus zetus.

zeus [Lingulella], Walcott [new] Lingulella zeus.

zoppi [Obolus?], Walcott [1901, pp. 684-685] .Obolus? zoppi.

GEOLOGIC DATA.

GENERAL GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION.

The distribution of the Bracliiopoda, both Cambrian and Ordovician, is set forth in the four

tables following. The first (pp. 98-109) gives the general geographic and stratigraphic distri-

bution of the various Cambrian and Ordovician species, arranged zoologically; the second

(pp. 110-112) gives a summary of the Cambrian Brachiopoda by genera and by families; the

tliird (p. 113)- a summary of the Ordovician Bracliiopoda by genera and by famiUes; and the
.

fourth (p. 113) a general summary by families of all the Brachiopoda described in this paper,

whether Cambrian or Ordovician.

The question of the systemic reference of some of the formations (e. g., whether the

Orthoceras limestone and the Ceratopyge hmestone should be placed in the Ordovician or the

passage beds between the Upper Cambrian and Ordovician, or whether the Ceratopijge slate,

the Bryograptus slate, and the Dictyograptus slate should be referred to the Upper Cambrian or

the Ordovician, etc.) does not appear to be a vital one in connection with this monograph.
Wlienever possible, however, the locaUties included in these pages contain the names of the

formations represented, and these should enable the student to refer the species to the desired

place in the geologic column.

DISTRIBUTION BY SPECIES.

The following table gives the general geograpliic and stratigraphic distribution of the

Cambrian and Ordovician Brachiopoda taken up in tliis monograph:

General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda.
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General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda—Continued.
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General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda—Continued.
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General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda—Continued.
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General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda—Continued.
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General geographic and atratigraphic distribution of the Cambrian and Ordovidan BracMopoda—Continued.
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General geographic and stratigraphic distribution of the Cambrian and Ordovidan Brachiopoda—Continued.
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General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda—Continued.



106 CAMBRIAN BEACHIOPODA.

General geographic and stratigraphic distribution of the Cambrian and Ordovidan Brachiopoda—Continued.
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Oena'ol geographic and straligraphic distribution of the Cambrian and Ordovidan Brachiopoda—Continued.
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General geographic and stratigraphic distribution of the Cambrian and Ordovician Brachiopoda—Continued.
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General geographic and stratigraphie distribution of the Cambrian and Ordovidan Brachiopoda—Continued.
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SUMMARY OF CAMBBIAN BRACHIOPODA.

The distribution of the Cambrian Brachiopoda is summed up in three tables. The first

(pp. 110-111) gives the general geographic and stratigraphic distribution of the genera; the

second (p. 112) gives the same information for the families; and the third (p. 112) is a summary
of the Cambrian Brachiopoda by genera and species.

Summary of Cambrian Brachiopoda by genera.
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Summary of Cambrian Brachiopoda hy genera—Continued.

Ill
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Summary of Cambrian Brachiopoda by families.

•
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SUMMARY OF ORDOVICIAN BRACHIOPOBA.
The Ordovician Brachiopoda are summarized in two tables, one by genera and the other

by famiUes

:

Summary oj Ordovician Brachiopoda hy genera.
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DETAILED GEOGRAPHIC DISTRIBUTION.

In the following lists the various species of Cambrian Brachiopoda are listed by continents,

as they occur in the various faunal provinces of Cambrian time in North America and in other

countries. The record of the local distribution of each species will be found at the end of the

description of the species.

The tables are arranged under the following heads, the species being zoologically arranged

under each head

:

1. North American species of Cambrian Brachiopoda (p. 114).

2. European species of Cambrian Brachiopoda (p. 120).

3. Asiatic species of Cambrian Brachiopoda (p. 121).

4. South American species of Cambrian Brachiopoda (p. 122).

5. Australian species of Cambrian Brachiopoda (p. 122).

6. North American species of Ordovician Brachiopoda (p. 122). <»

7. Eiu-opean species of Ordovician Brachiopoda (p. 123)."

CAMBRIAN BRACHIOPODA.

NORTH AMERICAN SPECIES.

Oeogra-phic distribution of North American species of Camhrian Brachiopoda.

Note.—The letters placed opposite each species in the various columns denote the State or province in which the species occurs; for instance,
a ''C" in column 2 under A indicates that the species occurs in Gape Breton, "CN" indicates that it occurs -in -hoth- Cape Breton and New
Brunswick.



DETAILED GEOGKAPHIC DISTRIBUTION. 115

Geographic distribution of North American species of Cambrian Brachiopoda—Continued.

Note.—The letters placed opposite each species in the various columns denote the State or province in which the species occurs; for instance,

a"C'* in column 2 under A indicates that the species occurs in Cape Breton, "CN" indicates that it occurs in both Gape Breton and New
Brunswick.



116 CAMBRIAN BEACHIOPODA.

Geographic distribution of North American species of Cambrian Brachiopoda—Continued.

Note.—The letters placed oppoi

a "C" in column 2 under A indicE

Brunswick.

J, each species in the various columns denote the State or province in which the species occurs; for instance,
3 that tne species occurs in Cape Breton, "CN" Indicates that it occurs in both Cape Breton and New
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Geographic distribution of North American specks of Cambrian Brachiopoda—Continued.

Note.—The letters placed opposite each species in the various columns denote the State or province in which the species occurs; for instance,

a "C ' in column 2 under A indicates that the species occurs in Cape Breton, "CN" indicates that it occurs in both Cape Breton and New
BrunswieK.
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Geographic distribution of North American species of Cambrian Brachiopoda—Continued.

Note.—The letters placed opposite each species in the various columns denote the State or province in which thespecies occurs; for instance,
a"C" in column 2 uuder A indicates that the species occurs in Cape Breton, "CN" indicates that it occurs in both Cape Breton and New
Brunswick.
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Geographic distribution of North American species of Cambrian Brachiopoda—Continued.

Note.—The letters placed opposite each species in the various columns denote the State or province in which the species occurs; tor instance,

<n" in nninmn o nnrier A inHipates f.hat. t.hn snecies nnniir.s in Cane Breton. "CN" indicates that it occurs in both Cape Breton and JNew
: under A indicates that the species occurs in Cape BretoU;
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EtTBOPEAN SPECIES.

Geographic distribution of European species of Cambrian Brachiopoda.

Note.—The letters placed opposite each species in the various columns denote the country or province in which the species occurs; for
instance, in the third column an "S" indicates that the species occurs in Sweden, "SF" indicates that it occurs in both Sweden and Finland, etc.
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Geographic distribution of European species of Cambrian Brachiopoda—Continued.

-The letters placed opposite each species in the various columns denote the country or province in which the species occurs; for
1^- it,-J „ .,0.,

ijj<jj(^tgg that the species occurs in Sweden, "SF" indicates that it occurs in both Sweden and Finland, etc.
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Oeographic distribution of Asiatic species of Cambrian Brachiopoda—Continued.
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Geographic distribution of North American species of Ordovician Brachiopoda—Continued.

General location. Occurrence in Cambrian.o

Elkanla anibigua
f
Walcott)

desiderata (Billings)

Ida C Billings)
Dicellomus nanus (Meek and Hayden)
Schizambon manitouensis AValcott

typicalis Walcott
Acrothele levisensis Walcott

pretiosa (Billings)
Linnarssonella minuta (Hall and \A'hitfield)

.

Acrotreta gemma Billings
idahoensis Walcott
ovalis Walcott

Billingsella coloradoensis (Shumard)
dice (Walcott)

Eoorthis desmopleura (Meek)
desmopleura nj'mpha (Walcott)
wlchitaensis (Walcott)

Syntrophia calcifera (Billings)

lateralis (Whitfield)
nundina Walcott

Clarkella montanensis (Walcott)

.do.
Wyoming
Colorado
Nevada
Quebec
Quebec and New York.
Nevada
Newfoundland
Nevada
Quebec
Minnesota
Vermont
Colorado and Utah
Colorado

.do.
Quebec and Newfoundland.

.

Vermont
Nevada. Utah, and Colorado.
Montana

C, D3, and D?.

C.

C.

C and D^

A,C,D2,D3,D5,andD7.

B, C,.D6, and D^

C, D3, DS D^ and DL

a See table on pp. 114-119.

ETJHOPEAN SPECIES.

Geographic distribution of European species of Ordovician Brachiopoda.

General location. Also occurs in

—

Volborthia recurva (Kutorga)
Obolus? advenus Barrande

? ancillus (Barrande)
complexus Barrande ,

feistmanteli (Barrande)
? mirandus (Barrande)
? rotitzanensis Barrande

Obolus? (Westonia?) laraellosus (Barrande).
Linguiella davidsoni (Barrande) .

davisi
f
McCoy )

beberti Barrois
? insons (Barrande)
? simplex (Barrande)

Siphonotreta unguiculata (Eichwald)

verrucosa (Eichwald).,
Acrotreta babel Barrande.

? minima ( Barrande)

.

nicholsoni Davidson. .

.

subconica Kutorga

England .

.

Spain
Bohemia.

Upper Cambrian.

Passage beds (Russia).

Do.

Upper Cambrian.

DETAILED STRATIGRAPHIC DISTRIBUTION OF CAMBRIAN AND ORDOVICIAN
BRACHIOPODA.

The follo's\dng table includes, arranged alphabetically by States or countries, more or less

detailed information concerning the stratigraphic distribution of the different species of Cam-
brian and Ordovician Bracliiopoda.

The data available for the foreign species were not sufficient to warrant greater detail

than that secured by the use of generahzed sections, and there has been no attempt to keep

the species from any one section in a distmct column. Doubtful correlations are indicated

by a question mark after the locality number.

For some of the regions in North America typical fossiliferous sections have been intro-

duced, giving in an adjoining column the species collected from the various horizons in the

section and in a third column the species collected at other places in the same general area.

In such tables the stratigraphic arrangement of the second column is fairly accurate; that of

the third may contain errors in correlation and must be regarded as merely approximate.

Each specific name is followed by the number of the locahty at which it occurs, and the list

of localities on pages 161-291 will furnish the student with all known information as to the

association and the stratigraphic and geographic position of the species in question.

The numbers of the different localities identified from a given formation. State, country,

or place may be found by referring to the index.
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Detailed stratigraphic distribution of Cambrian and Ordovician BrachiopodaA

Alabama.

See Tennessee, Georgia, and Alabama, where the horizons are more or less closely differentiated and correlated,

with complete lists of localities and included species.

Alberta.

See British Columbia: Mount Bosworth section, where the Alberta localities are shown in their approximate

stratigraphic position.

Arizona.

One of the Arizona localities (75) has been assigned to the Upper Cambrian; 74b occurs high up in the Tonto

group, but has been entered as Middle Cambrian; and the remainder (see index for numbers) occur at various more

or less closely related horizons in the "Tonto" sandstone.

Bohemia.

Section.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

British Columbia: Mount Boswoith.

Mount Bosworth section.
[Walcott, 190Sf, pp. 204-217.]
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Detailed stratigraphic distribution of Cambrian and Ordovician Braehiopoda—Continued.

British Columbia: Mount Bosworth—Continuod.

Mount Boswortll section.
[Walcott, lOOSt, pp. 204-217.]



DETAILED STRATIGEAPHIC DISTEIBUTION. 127

Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

British Columbia: Mount Bosworth—Continued.

Mount Bosworth section.
[Walcott, IQOSr, pp. 204-217.)
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

British Columbia: Mount Bosworth—Continued.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Biitish Columbia: Mount Bosworth—Continued.

Mount Bosworth section.
[Walcott, 1908f, pp. 204-217.]

Other locaUties and species in

British Columbia and Alberta
shown in tlieir approximate
stratigraphic position.

MIDDLE CAMBRIAN—continued.

Cathedral limestone—Continued.
Ic. Similar to la. Annelid borings and trails occm- in and on some of Feet.

the layers 12(1

Id. Similar to 1& S3

Ic. Thin-bedded lead-gray to blue-gray thin-bedded (layers 1 inch to

4 inches thick) arenaceous limestone 25

1/. Alternating thin and massive bedded arenaceous steel-gray lime-
stone weathering light gray 275

1,595

Total Middle Cambrian 4, 963

LOWER CAMBRIAN.

i placed
at this horizon on account of the presence in the Mount
Stephen section of Olenellus in the limestone 110 feet below
the massive arenaceous limestone belt represented by 1/in
the Cathedral limestone of the Mount Bosworth section.

la. Thin-bedded bluish-gray slightly s limestone 120 Numerous annelid trails and
borings.

1&. Gray oolitic limestone in layers 3 to 6 inches thict 44 Acrotreta sagittalis taconica—
57s.

Nisusia (Jamesella) lowi—
57s.

Micrndiscus sp. undt.—57s.

Agraulos sp.—57s.

Ptychopana sp.—57s.

57m, 68l£, 58p, 58t.
In the Mount Stephen section the
following species occur at a
horizon near the top of this
limestone (58k and 58p):

Acrotreta sagittalis taconica—
58k:.

Nisusia alberta var.—58k,58p,
Nisusia (Jamesella) lowi—
5Sk, 5Sp.

Stenotheca elongata var.

—

58k.
Scenella variaTis—5Sk.
Platyceras n. sp.—oSk.
Hyolithes billingsi—-b^V, 5Sp.
P/yfftopariasp.—5Sk. 5Sp
Crepiccphalus n. sp.—58k.
Protypusn. sp.—58k.
Alhcrtella sp. undt.—5Sk.

At Castle Mountain OftoZusporifMS

occurs at about this horizon
(58t).

About 50 feet down in the Mount
Stephen section, in a gray sili-

ceous shale, the following spe-
cies occur (57m) :

Cystid plates—57m.
Micromitra (Paterina) sp.

undt.—57m.
Acrotreta sagittalis taconica—

57to.

Nisusia (Jamesella) lowi—
57m.

Ilyolithps (fragment)—57m.
Hyolithellus cf. wicans—57m..
SceneUa varians—57n\.
Olenellus canadensis—57m.

Ic. Massive layers made up of banded bluish-gray limestone and
sandstone in layers i inch to 2 inches thick

Agraulos sp. undt.
67e, 67r, 58s.
On Mount Stephen, at a horizon
near the top of this bed of lime-
stone, there was found (67e):

AcTothele coUeni—o7e.
Acrotreta sagittalis taconica—

57e.

SceneUa varians^57e.
Stenotheca elongata var.—o7e.

Albertella sp. undt.—57e.
Olenellus canadensis—57e.
BathyuTiscus sp. undt.—57e.

Near the base on Mount Stephen
(57r»68s):

Micromitra (Paterina) labra-

doTica var.—57r. 58s.

Micromitra (Iphidella) pan-
nula—57v, 58s.

Acrotreta sagittalis taconica—
57r, 5Ss.

Ptychoparia, 3 species—57r,

62667°—VOL 51, pt 1—12-



180 CAMBEIAN BRACHIOPODA.

Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

British Columbia: Mount Bosworth—Continued.

Mount Bosworth section.
[Walcott, 1908f, pp. 204-217.]

Other localities and species in
British Columbia and Alberta
shown in their approximate
stratipraphic position.

LOWEE CAMBRIAN—continued.

Mount Whyte formation—Conimned.
2. Gray and brownish-gray sandstone in thin and massive layers. On Mount Stephen, at this hori-

zon, there were found:
Microdiscus sp. undt.
Olenellus sp. undt. (frag-

ments).
Plychoparia sp. undt.
Prntypus sp. undt.

3. Siliceous shale with a few interbedded thin layers of compact hard
gray sandstone - 115

3Sc.
On the south slope of Mount
Bosworth two drift blocks
of siliceous shale, supposed
to be from this horizon,
were found, from which
the following species were
collected:

Micromitra {Patenna)
wapta—35c.

Obolus parvus—35c.

Acrothele colleni—35c.

Wimanella simplex—S5c.
Agraulos sp.—35c.

Ptychoparia sp.—35c.
Albertella hosworthi—Sdc.
A Ibertella helena—35c

.

sp.—35c.

35e.
In the Lake Agnes section, 5 miles
southeast of Mount Bosworth,
the fauna of about this horizon
includes

:

Mi cTomitra {Patenna)
waptaSSe.

Obolus parvus—Z5e.
HyolUlies billingsi—35e.

Olenopsis n. sp.—35e.

Ptychoparia, 3 species.—35e.

Albertella sp. undt.—35e.

Batliyuriscus—35e.

Olenellus gilberti—35e.

On Mount Stephen, at about the
same horizon, the following
were found:
UyoUthcs billingsi.

Scenella varians.

Olenopsis n. sp.

"^FvT

Total of Mount Whyte formation.

35h.
Nisusiafestinata—35h.
Scenella varians—35h.
Hyolithellus—35h.
PtycTioparia-^bh..
Agraulos—35h.
Protypus n. sp.—35h.
Olenellus canadensis—35h.
Olenellus gilberti—35h.

35f.

At this horizon on Mount
Stephen the following were
found:

Micromitra {Iphidella) pan-
nula —35f

.

Kutorgina cingulata—35f.

Eutorgina sp. undt.—35f.

Acrotreta sagittalis taconica—
35f.

Nisusia festinata—SSf.
Hyolifhcs billingsiS5f.
Scenella varians—35f.

Protypus n. sp.—35f.
Agraulos sp. undt.—35f.

Ptychoparia, 3 sp. undt.—35f.

Olenellus canadensis—35f.

''r.Vi':.' ,/ Bow Kiver group.

St. Piran sandstone [Walcott, 190Sa, p. 4]:

lo. Siliceous and arenaceous greenish-colored shales in layers 1 to
3 inches in thickness interbedded in shaly and thin-bedded
gray and brownish-gray sandstone, with a thick layer of

compact gray sandstone near the top

lb. Irregularly bedded bro\raish, dirty-gray, and occasionally
purplish-colored sandstones, more or less compact and
quartzitic, in massive and thin layers that break down read-
ily on slopes 310

In the Lakes Louise and Agnes section, about 5 miles southeast of
Mount Bosworth, the total thickness of the St. Piran sand-
stone is

Below the St. Piran the following section occurs:

Lake Louise shale [Walcott, 1908a, p. 5]:

1. Compact gray siliceous shale

Annelid trails and borings
(Scolithu^).

Hyolithes.
Olenellus canadensis?.
Ptychoparia, 2 species.

Annelid trails and borings
{Scolithus).

Hyolithes.
Olenellus canadensis?.

35d.
Annelid trails—35d.
Cruziana—35d.

Mi cromitra (Iphidella)

louise—35d.

60b.
Obolella vermilionensis—QOXi.
Wanneria gracile—QOh.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

British Columbia : Uount Bosworth—Continued.

Mount Bosworth section.
[Walcott, IQOSf, pp. 204-217.1

Other localities and species in
British Columbia and Alberta
.shown in their approximate
stratigraphic position.

LOWER c-tMBRiAN -Continued.

Bow River group—Continued.

Fort Mountain sandstone: a

1. Thin and thick layers of gray, quartzitic, brownish weathering, Feet.

compact sandstones (estimated) 000+

Total Lower Cambrian 3, 800+

Total Cambrian 12, 353+

a In 190S[Walcott, 1908a, p. 5] these quartzitic sandstones were described as the "Fairview formation." As that name, however, is preoccupied

in American nomenclature, and as the lower part of the formation has since been found exposed at several places on the east side of the Bow River
Valley, it has been decided to apply the name Fort IMountain sandstone to the whole, from the typical exposures on Fort Mountain. The forma-

tion is here composed of 2,700 feet of sandstones similar to the 600 feet of sediments to which the name " Fairview" was applied, and a basal bed of

massive conglomerate nearly 200 feet thick. At this locality the Fort Mountain formation is unconformably underlain by pre-Cambrian rocks.

Califoriua.

See Nevada, Barrel Spring section, wliere the California localities are shown in their approximate stratigraphic

position.
Cape Breton and ITew Brunswick.

For the strata above the Etcheminian a generalized section only has been used. The Cape Breton localities have,

however, been kept distinct from those in the vicinity of St. John. The Acadian is not represented in the brachiopod

collections from Cape Breton. The Etcheminian is so well developed and so fossiliferous on Dugald Brook that

Matthew's section is copied and the fossils from the brook are kept separate from those occurring elsewhere.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Cape Breton and New Brunswick—Continued.

Section.
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Detailed stratigraphic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

Cape Breton and New Brunswick—Continued.
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Detailed stratigrapMc distribution of Cambrian and Ordovician Brachiopoda—Continued.

Cape Breton and New Brunswick—Continued.

Dugald Brook section.
[Matthew, 1903, pp. 21-26.]



DETAILED STRATIGEAPHIC DISTRIBUTION. 135

Detailed stratigraphic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

Cape Breton and New Brunswick—Continued.

Dugald Brook section.
[Matthew, 1903, pp. 21-25.1
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Detailed stratigraphic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

England, Scotland, and Wales—Continued.

, Section.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Uissourl.

Section.
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Detailed stratigraphie distribution of Cambrian and Ordovician Brachiopoda—Continued.

Nevada: Barrel Spring—Continued.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Nevada: Eureka District.

Eureka district section.
[Walcott, 1881b, p. 2S4; and 1908f, p. 184.1
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Detailed stratigraphic distribution of Cambrian and Ordovician BracJiiopoda—Continued.

Nevada: Eureka District—Continued.

Eureka district section.
[Walcott, 1884b, p. 284; and 1908f, p. 184.]
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stratigraphic distribution of Cambrian and Ordovieian Brachiopoda—Continued.

Newfoundland; Manuels Brook, Conception Bay—Continued.

141

Manuels Brook section.

[Walcott, 1891b, pp. 360-261.]
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Oklahoma: Axbuckle Mountains—Continued.

Springer section, south side of Arbuckle Mountains.
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Detailed hie distribution of Cambrian and Ordovician Brachiopoda—Continued.

Ontario,

See Quebec, Ontario, and Labrador for general discussion of stratigraphy.

Pennsylvania.

All but two of the Pennsylvania localities (see index for numbers) are from approximately the same horizon in the

Lower Cambrian. One locality (346b) is from the Tapper Cambrian and one (48d) from the Middle Cambrian.

Quebec, Ontario, and Labrador.

Thi'ee general horizons fi'om Quebec and Ontario are represented in the collections: An Ordovician (Chazy?'), an
Upper Cambrian equivalent to the Potsdam of New York, and a Lower Cambrian in limestone pebbles in a conglomer-

ate. The Lower Cambrian forms may be compared with those occm-ring in localities 392a, 392c, and 3921, all at the

Straits of Belleisle, Labrador. See index for numbers of all localities in Quebec, Ontario, and Labrador.

Localities and species.

ORDOVICIAN.

Jewelimestone (D).
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Detailed stratigra'phic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

Russia—Continued.

Localities and species.

TJngulite grit or Oholus saTidsfone—Continued. 9d, 336a, 336b, 336c, 336h, 336j-u, 395, 395a-e, 395z—Continued.
Obolus {Schmidfia) obi

Oholus ISchmidlia) obi

Obolus (Schmidtia) ob\

Obolus (Schmidtia) obi

Obolus (Schmidtia) obi

Obolus (Schmidtia) obi

Obolus (Schmidtia) obi

Lingulella (Leptemboi

-395,-395b.

lusus acutus—395.

tusus ellipticus—S95, 395b.
tusus extenuatus~SQ5

.

tusus laius—Z95.
tusus longus—Z9?>.
tusus minutus~3Q5.
Ion) Ungulaeformis—395.

Helmcrsenia iddogcjisis—336o-q

.

Kcyserlingia buchi—^d, 336a, 336n-p, 395, 395b.
Schizambon? esihonia—336h.

Obolus coTiglomerate and sandstone below it (Schmidtia c

ite).

3361, 395f-ii.
Obolus apollinis—395f.

Obolus apollinis maximus—395f.

Obolus triangularis—SSGi, 395g, 395i.

Obolus triangularis inornatus—395g.
Obolus (Schmidlia) cdatus—395g-i, 395o, 395s-u.
Obolus (Schmidtia) cclatus orbiculatus—395g-r.

Obolus (Schmidtia) cclatus prsecisus—395g-r.

Fucoid sandstone.

LOWER CAMBRIAN.

MicTcwilzia conglomerate.

Miclcwitzia monilifera—396q-w.
Mesonacis micfcwiVzi—396r, 39Gu, 396v.

See England, Scotland, and Wales, where the horizons are more or less closely differentiated and correlated,

with complete lists of localities and included species.

South Dakota and Wyoming.

Three of the localities (302e, 302p, and 302u) occur in the upper part of the Deadwood formation and have been
referred to the Upper Cambrian; the remainder (see index for numbers) occur in the Middle Cambrian at various

more or less closely related horizons in the Deadwood formation. (See also Montana and Wyoming.)

Sweden, Demnark, Finland, and Norway.

Section.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Sweden, Denmarls, Finland, and Norway—Continued.

Section.
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Detailed stratigraphic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

Sweden, Demnarh, Finland, and Norway—Continued.

Localities and species in Sweden, Denmark, and
Finland in their approximate stratigraphic
position.

MIDDLE CAMBRIAN—continued.

Paradoxides davidis zone.

Paradoxides tessini zone, Agnostus parvifrons

zone, Conocorypheexsulans zone, ana Etage Ic

(Norway).

16k, 16 1.

Acrothele coriacca—IGk, 161.

Acrotreta sagittalis—16k, 161.

16i, SlOm, 310o, 311z, 320d, 320h, 334a, 334c,

334d.
Obolus schmalensed—16i,

Obolus {Westonia) finlandensis—311x.
Lingulella ferruginea—SlOm, 310o.

Lingulella sp.—161.

Acrothele coriacea—334c, 334d.

Acrothele intermedia—320h, 334a.

Acrotreta sagittalis—161.

Acrotreta schmalenseei—320d.
Liocephalus impressa—16i.

Acrothele coriacea—324a, 324b.
Agnostus TiMdws-324b.

Paradoxides celandicus zone. 8z, 309i?, 310c, 310p, 3201, 320sT, 320t.
Obolus sp. undt. g—3201.

Lingulella ferruginea—310p.
Acrothele coriacea—3201.

Acrothele (Redlichella) granulataSz, 309f, 3201,

320s, 320t.

Acrotreta schmalenseei—310c, 310p.
^crotreta socialis—Sz.
AcrotretasTp.—8z.

Billingsella exporrecta—Z2Q\.
Billingsella Undstromi—3201.

(See Sz, p. 173, for additional associated forms.)

Acrotreta schmalenseei—323b.

MIDDLE ? CAMBRIAN.

LOWER CAMBRIAN.

Eolmia kjerulfi zone (Mesonacis torelli zone).

311, 311a-u, 311y, 320o.
MicliwUzia jformosa—311 1, 311s.

JlXicfc«Jii2iamomZi/i;ra—311e,311f,3111,311q,311r,
311u.

Obolus (Westonia) dlandensis—Sll], 311k, 311m,
311y.

Obolus (Westonia) balticusSllh., 311o, 311t.

Obolus IWestonia) bottnicus—311, 311e.

Obolus (Westonia) wimani—311c, 311g, 311i, 311t.

Lingula or Lingulella—dllc, 311j, 311p, 311t, 311y

.

Acrothele coriacea—S20o.
Acrotreta eggegrundensis—311, 311a, 311d.

Acrotreta uplandica—Zllh, Slip.

Acrotreta uplandica limben^is—Slln..
(See 311, 311c, Slip, 311k, 311m, 311n, 311s ,311t,

311y, pp. 243-245, for additional associated
forms.)

320x, 321s, 3217.
Lingulella nathorsti—320x.

Obolella lindstrdmi—i2ls, 321v.
Obolella mo&erffi-321s, 321v.
Mesonacis torelli—321v.
Holmia kjerulfi—i2Qx.

8v, 324.
Lingulella sp.—324.

Obolella mobergi—8v, 324.

Obolella (Glyptias) favosa—324.
A crothele bellapunctata—8v.
Holmia kjerulfi—324.
Arionellus—S24.

Fucoid sandstone. 309c, 309d, 310e?, 310f?, 310gT, 390a?, 390d?,
390h.

Micromitra (Paterina) undosa—SlOf, 390a, 390d,
390h.

Obolella (Glyptias) favosa—3Q9c, 309d.

Acrothele sp. undt.—310e.

Acrothele sp. undt.—310f, 310g.
Discinella—SlOS, 390a, 390d, 3301i.

Eophyton sandstone (MickwitZi

Sparagmite sandstone).
8y, 390j, 390k.
Mickwitzia m onilifera—3Q0] , 390k.
Mickwitzia pretiosa—390j.

Lingulella nathorsti—8y.
(See 8y and 390j, pp. 173 and 280, for additional

associated forms.)
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Tennessee, Georgia, and Alabama.

Section.
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Detailed stratigraplnc distribution of Cambrian and Ordovician Brachiopoda—Continued.

Texas.

The Texas localities are from the Upper Cambrian, at about the stratigraphic horizon of the Reagan sandstone

of the Oklahoma section.
ITtali: Blacksmith Fork, Cache County.

Blacksmith Fork section.
[Walcott, 1908f, pp. 190-200.)
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Detailed stratigi-aphic distribution of Cavibrian and Ordovician Brachiopoda—Continued.

TTtah: Blacksmith Fork, Cache County—Continued.

Blacksmith Fork section.
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Detailed stratigraphic distribution of Cambrian and Ordovician Br

Utah: Blacksmith Fork, Cache County—Continued

'a—Continued.

Blacksmith Fork section.

[Walcott, 1908f, pp. 190-200.]
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Utah: Blacksmith Fork, Cache County—Continued.

Blacltsmith Fork section.
[Walcott, 1908f, pp. 190-200.]
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Detailed stratigraphic distribution of Cambrian and Ordovician BracMopoda—Continued.

Utah: Blacksmith Fork, Cache County—Continued.

Blacksmith Fork section.

[Walcott, 1908f, pp. 190-200.1
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Detailed stratigraphic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

trtah: Blacksmith Fork, Cache County—Continued.

Blacksmith Forli: section.
[Walcott, 1908f, pp. 190-200.]
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Detailed siratigraphic distribution of Cambrian and Ordovician Braehiopoda—Continued.

irtah: House Range, Millard County—Contmued,

House Range section.
[Walcott, 1908r, pp. 173-186.]
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued,

trtah: House Range, Millard County—Continued.

155
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

TTtah: House Range, Millard County—Continued.
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Detailed stratigraphic distribution of Cambrian and Ordovidan Brachiopoda—Continued.

Utah: House Range, Millard County—Continued.

House Range section.
[Walcott, 190Sf, pp. 173-1S5.]

Localities and species in the
House Range section.

Other localities and species in
Utah and Nevada sho\vn in
their approximate strati
graphic position.

MIDDLE CAMBRIAN—continued.

Swasey formation [Walcott, 1908a, p. 11]: a Feet,
la. Oolitic and arenaceous limestone in massive layers near the

top. Below, some dark bluish-gray limestone is interbedded,
and gradually it becomes the principal rock; it breaks up on
weathering into irregular shaly layers J to 3 inches thick 152

30b, 31w.
Near the top:
Platyceras—Slw

.

ZacanthoidesSlw.
Near the base:
Scenella—SOh.
Zacanthoides—SOh.
Ptychoparia—ZOb.
Dorypyge—iiOh.

lb. Drab and reddish argillaceous shales, with Interbedded thin
layers of fossiliferous limestone 63

Ic. Dark bluish-gray limestone in massive layers that break up into
irregular snaly layers i to 2 inches thick 17

Id. Calcareous and argillaceous shales, with thin layers of gray lime-
stone 102

llw, 30c.
Micromitra {Paterina) labra-

dorica utaheiisis—30c.

Lingulella arguta—llw.
Ptychoparia, 2 species—llw,

SOc.

le. Bluish-gray limestone in layers 4 to 10 inches thick, with numer-
ous concretions from i^ to 1 inch in diameter in a few layers. .

.

Total of Swasey formation

30d.
Obolus (Westonia) ella—30d.
Ptychoparia, 3 species—30d.

34u?.
Obolus (Westonia) wasatcliensis-

Dorae Canyon limestone [Walcott, 1908a, p. 11]: 6

Massive-bedded cliff-forming gray siliceous limestone, with small specks
ofcalcite. 100 feet from the top and for 50 feet below some layers
of brownish-yellow arenaceous limestone 15 inches to 2 feet thick
occur

How ell formation [Walcott, 1908a, p. 11]: c

la. Bluish-black limestone in massive layers that break up on
weathering into irregular thin layers 50 Micromitra (Iphidella) pan-

nula—31v.
Acrotreta of. ophirensis—31v.
Ptychoparia—3 1v

.

14t?, 33r?.
Micromitra {Iphidella) pannula-

14t.

Lingulella ci. similis—14t.

A crotreta neboensis—14t.

Otusia utahensis—33r.

1&. Gray siliceous limestone S

Ic. Bluish-black limestone similar to la 105

Id. Pinkish-colored argillaceous shale, with interbedded thin
layers of limestone 10

31s.
Micromitra (Iphidella) pan-
nula—Sis.

Obolus (Westonia) ella—31s.

AcrotretacS. ophirensis—31s.

Scenella—31s.

Hyolithes—31s.

Zacanthoides—31s.

BathyuTiscus—31s

.

3d, Us, 32h, 32j, 33z, 33f.
Micromitra sculptilis—lis.

Micromitra sp.—3d.
Micromitra (Paterina) labradorica
utahensis—3d.

Obolus (Westonia) ella—3d, lis,

32h,32z.
Obolus (Westonia) ella onaquien-
5i5—33f.

Acrotreta ci. ophirensis—32j.

Olenoides?—Sd.
Bathyuriscus sp.—32h, 32z.

le. Gray siliceous limestone in layers 2 to 10 inches thick.

If. Bluish-black limestone in massive layers, breaking up into thin
layers on weathering 102

30f.

Ptychoparia—30f.

Bathyuriscus—SOf.

a Section exposed on the southwest ridge of Swasey Peak.
b Section exposed in the central portion of Dome Canyon and adjoining cliffs.

c Section exposed on the west face of the House Range at Howell Mountain.
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Detailed stratigraphic distribution of Cambrian and Ordovician Brachiopoda—Continued.

Utah: House Kange, Millard County—Continued.

House Range section.

[Walcott, 1908f, pp. 173-185.]

MIDDLE CAMBRIAN—continued.

ffowdi/ormaiioji—Continued

.

Ig. Gray siliceous limestone in thick beds..

111. Pinkish argillaceous shale, which is helieved to be the same as

the Spence shale member of the Ute limestone ot northeastern

Utah, is exposed on the east side of Dome Canyon a little

above where it bends to the westward 20

Total of Howell formation

.

Localities and species in the
House Range section.

3v.
MicromUra (Iphidella) can-
nula—3v.

Obolus (Westonia) ella—3v.

LiTi^ulella dubia—3v.
A CTothele subsidua—Sv.
Hyolithes Wllingsi—iv

.

Ptijclioparia piocliensis—3v.

Ptychoparia sp.—3v.

Zacanthoides typicalis—3v.

BatUyuriscus productus—3v.

Other localities and species in
Utah and Nevada shown in
their approximate strati-
graphic position.

55u!.
MicromUra (Iphidella) pannula-

oou.
Linnarssonella urania—55u.

3c, 7k, 30a, 31, 31u, 32o, 34llT,

329e, 333, 333a, 333b.
MicromUra (Iphidella) pannula—
30a, 31, 333.

Obolus mcconnelli—34n

.

Obolus (Westonia) ella—3c, 30a,

31, 31u, 320, 329e, 333, 333a, 333b.
Lingulella dubia—31 , 333.

Lingulella lielena—30a.
Hyolithes billingsi—30a, 31, 31u.
Isoxys argentea—30a.

Eocystites longidactylus—Zl, 31u,
333.

Ptychoparia tempi—333b.
Ptychoparia piochensis—31, 31u,

333a, 333b.
Ptychoparia quadrans—30a.

Anomocare parvum—31.

Bathyuriscus howelli—31, 3iu, 333,

333a, 333b.
Bathyuriscus productus—30a, 31,

31u, 333, 333a.
Zacanthoides grabaui—333b.
Zacanthoides typicalis—31, 31u,

333, 333b.

Langston (?) limestone [Walcott, 1908a, p. 8]: o

la. Massive-bedded bluish-gray arenaceous limestone, with irregu-

lar partings of buff-colored arenaceous limestone. The lat-

ter penetrates the layers of limestone in the most irregular

manner and frequently surrounds small irregular nodules

of the bluish-gray limestone 170

30e.
Billingsella sp. undt.-
P^afyceras-30e.
Hyolithes—30e.
Leperditia—30e.
Ptychoparia—30e.

Zacanthoides—30e.

Dorypygc?—30e.

16. Brown bufl-weathering arenaceous limestone in thick layers;

almost sandstone in places 35

Total of Langston (?) limestone 205

Total Middle Cambrian 4, 417

LOWER CAMBRLIN.

Piocheformation [Walcott, 1908a, p. 11] 6

Arenaceous and siliceous shaly layers, with some thicker layer;

quartzitic sandstone

41, 30, 31a, 331, 313g.
MicromUra (Iphidella) pannula—

41, 3D, 31a.

Obolus (Westonia) ella—33i.

Acrothele spurri—31a.
Acrothele subsidua ftcra—31a.
Acrotreta claytoni—4 1.

A crotreta primxva—4 1 , 31a.

Billingsella highlandensis—30, 31a..

BilliTwsella sp.—313g.
Nisusia (Jamesella) erecta—3\3g.
Hyolithes billingsi—31a.

Callavia nevadensis—30, 313g.

Olenellus fremonti—30, 313g.

Olenellus gilberti—30, 31a.

Peachella iddingsi—SO, 313g.

Zacanthoides levis—31a.

Crepicephalus augusta—30, 31a.

Crepicephalus liliana—30, 31a.

Oryctocephalus primus—31a.

Prospect Mountain quartzite\VJaXr^it, 190Sa, p. 12] :c

Gray and brownish quartzitic sandstone in layers 4 inches to 3 feet

in thickness 1,375+

Total Lower Cambrian 1.500-f

Trtal Cambrian 9,232

a This section of beds which are doubtfully referred to the Langston was measured at the same locality as the shale forming Ih of the Howell

formation, which is believed to be equivalent to the Spence shale member of the Ute limestone of northeastern Utah.
t> Section exposed at the westward bend of Dome Canyon,
c Section exposed on the west slope and foothills of the House Range north and south of Dome Canyon.
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Detailed stratigrapMc distribution of Cambrian and Ordovician Brachiopoda—Continued.

Vermont.

The localities in Vermont are somewhat scattering, but most of them are confined to a fairly well-marked horizon

in the Lower Cambrian. Two (319f and 227) occur in the Ordovician, tour (28, 16n, 87', and 319c() in the Upper Cam-
brian, and two (28a and 319s) in the Middle Cambrian. The interrelations o£ these localities (see index for num-
bers) are obscure and" stratigraphic comparisons would have little value.

Virginia and Maryland.

All but two of the localities in Maryland and Virginia (see index for numbers) occur in the same Lower Cambrian

sandstone horizon. One Upper Cambrian locality (92b) and one Middle (47h) have been identified.

Wales.

See England, Scotland, and Wales, where the different horizons are more or less closely differentiated and corre-

lated, with complete lists of localities and included species.

Wisconsin, Michigan, Minnesota, and Iowa.

Two localities (339 and 364a) from the Lower Ordovician Oneota dolomite and three (328b, 339a, and 364) from the

Upper Cambrian St. Lawrence formation have been identified by Sardeson [1896, pp. 95 and 96]. The remainder are

from the "St. Croix sandstone," and have all been referred to the Upper Cambrian, with the following exceptions:

79x, 83^ 84, 84f, 84s, 328e, 328g, 339e, 339i, 339j, and 339k. These eleven localities occur in the lower portion of the

"St. Croix sandstone" and while they may belong in the Upper Cambrian, they have been placed in the Middle

Cambrian because of the entire absence in the collections at our disposal of characteristic Upper Cambrian forms.

Wyoming.

See both South Dakota and Montana for general discussion of stratigraphy.

HABITAT.

The conditions in which the Cambrian brachiopods are found indicate that some of them
were gregarious in habit, and that many persisted through marked changes of environment and

sedimentation. Micromitra (IpJiidella) pannula, for instance, is found in sandstone, siUceous

and argillaceous shale, and limestone. It has a wide distribution in the.Cordilleran province of

western North America, and has a vertical range of 2,000 feet or more. Other forms, such as

Micromitra Tiaydeni, are known only from one locality and one layer of rock. A large

number of species occur in sandstone and shales that are evidently of shallow-water origin;

others occur in limestones that were probably deposited in relatively deep water. The evidence

indicates that their habitat largely ranged from between tides to a depth of 1,000 to 2,000 feet.

Some forms may have had a greater bathymetric range, but the evidence in favor of such a

conclusion is not known to me.

In the following list there has been brought together a summary statement of the character

of the sediment in which each of the genera taken up in this monograph occurs. Gradations

froin one type of sediment to another are so frequent and close that some of the separations may
be considered arbitrary, though most of the determinations have been made by an examination

of the hand specimen upon which the species is preserved. The numbers in the columns give

the number of species occurring in the different classes of sediment and the number which have

been identified from more than one class. The totals at the end of the table give the number of

species and the number of genera, respectively, that have been identified from the different

sediments.

It is probable that a reexamination of some of the specimens would justify their transfer to

another column; for instance, the one sandstone representative of the genus Huenella might be

found to occur in a calcareous sandstone or arenaceous limestone, which might equally as well

be placed in the limestone column; but the table as a whole and the figures for each genus seem

to indicate that the various genera are by no means confined to nor even characteristic of a given

type of sediment. On the other hand, a similarly prepared table of the species in the mono-

graph showed that with few exceptions each of the species is confined to one type of sediment.

Disregarding those species (about 200) which have been found at but one locality, the table

showed that out of over 500 specific occurrences only 150 had been identified from more than

one type of sediment. Errors in the identification of sediment would be of more importance in

the latter case than in that of the genera, but none of the specimens were reexamined and in

none of the tables has there been any rearrangement of the figures.



160 CAMBRIAN BEACHIOPODA.

List of genera and subgenera, alphabetically arranged, giving number of species occurring in the different types of sediment.

Genera.
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C1-C75 (pp. 286-291) were assigned to the faunules collected by the expedition to China of the

Carnegie Institution of Washington. Numbers 300-396z (pp. 229-286) have been arbitrarily

assigned to localities mentioned in the literature or unnumbered localities in the United States

National Museum collections, and the included species may not occur together as do those of

the former localities. For each of the species listed in localities 300-396z it is simply true that

the description of the locality under which it is placed gives all available information as to its

stratigraphic and geographic position and the authority for so listing it.

Localities 1-227, U. S. National Museum.

1 (about 50 feet above la). (For stratigraphic position and association, see p. 140.) Middle Cambrian: Shales of

zone A of No. 7 of the Manuels Brook section [Walcott, 1891b, p. 261], Manuels Brook, a small stream which

flows into Conception Bay from the east, near Topsail Head, Newfoundland (C. D. Walcott, 1888).

*Obolus fragiiis.

Lingulella ferruginea.

Lingulella ferruginea?.

Acrothele matthewi.

Acrotreta misera.

Conocoryphe matthewi (Hartt).

Paradoxides hicksi Salter.

Paradoxides sp.

Anopolenus venustus Billings.

Erinnvs venulosa Salter.

Walcoft [1891b, p. 261] cites the following additional species:

Hyolithes sp. a.

Agnostus 3 sp.

Microdiscus punctatue Salter.

Conocoryphe elegans (Hartt).

Agraulos socialis Billings.

Liostracus tener (Hartt).

la (^6n and 6 1, about 50 feet below 1). (For stratigraphic position and association, see p. 140.) Middle Cambrian:

Shalesnear the top of No. 6 of the Manuels Brook section [Walcott, 1891b, p. 261], Manuels Brook, Concep-

tion Bay, Newfoundland (C. D. Walcott, 1888).

Obolus fragiiis.

Lingulella ferruginea.

Acrothele matthewi.

Agraulos socialis (Billings).

Liostracus tener (Hartt).

Conocoryphe elegans (Hartt).

Paradoxides davidis Salter.

Paradoxides sp.

11 (same horizon as Iv). (For stratigraphic position and association, see p. 138.) Lower Cambrian: Shales of

No. 3 of the Silver Peak group, Barrel Spring section [Walcott, 1908f, p. 189°], 2.5 miles (4 km.) south of

Barrel Spring and 0.5 mile (0,8 km.) east of road, in the extreme southeastern corner of the Silver Peak
quadrangle (U. S. G. S.), Esmeralda County, Nev. (F. B. Weeks, 1899).

Acrothele spurri?. I Ptychoparia sp.

Acrotreta claytoni.
|
Olenellus gilberti Meek.

Im (^Ip). (For stratigraphic position and association, see p. 1'68.) Lower Cambrian: Limestones of No. 2 of the

Silver Peak group, Barrel Spring section [Walcott, 1908f, p. 189], about 2.5 miles (4 km.) south of Barrel

Spring and 0.5 mile (0.8 km.) east of the road, in the extreme southeastern comer of the Silver Peak quad-

rangle (U. S. G. S.), Esmeralda County, Nev. (F. B. Weeks, 1899).

Micromitra (Paterina) prospectensis. I Olenellus gilberti Meek.

Nisusia (Jamesella) argenta.
|

Ip (=lm, which see). (For stratigraphic position and association, see p. 138.) (F. B. Weeks, 1899.)

Micromitra (Paterina) prospectensis. I Olenellus fremonti Walcott.

* Nisusia (Jamesella) argenta.
|
Olenellus gilberti Meek.

Iv (same horizon as 11). (For stratigraphic position and association, seep. 138.) Lower Cambrian: Shales of

No. 3 of the Silver Peak group. Barrel Spring section [Walcott, 1908f, p. 189a], 3 miles (4.8 km.) north of

Valcalda Spring and 4 miles (6.4 km.) west-northwest of the Drinkwater mine, Silver Peak quadrangle

(U. S. G. S.), Esmeralda County, Nev. (F. B. Weeks, 1899).

Swantenia sp.

Stenotheca cf. elongata Walcott.

Stenotheca cf. rugosa (Hall).

Ptychoparia sp.

Wanneria gracile Walcott.

Olenellus argentus Walcott.

Archseocyathus.

*Micromitra (Paterina) labradorica var.

Kutorgina cingulata.

*Kutorgina perugata.

*Siphonotreta? dubia.

*Swantonia weeksi.

2. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Shales of zone B of No. 7 of the

Manuels Brook section [Walcott, 1891b, p. 261], Manuels Brook, Conception Bay, Newfoundland (C. D.

Walcott, 1888).

Obolus fragiiis. I Acrothele matthewi.

Lingulella ferruginea.
|

a The species mentioned by Walcott [1908f, p. 189] occur at slightly difEerent localities (11 and Iv), none of the species being common to

both localities.

62667°—VOL 51, pt 1—12 11
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Walcott [1891b, p. 261] cites the following:

Linnarssonia misera=Acrotreta misera.

Orthis sp.

Stenotheca ep.

Agnostus punctuosus Angelin.

Agnostus 5 sp.

Microdiscus punctatus Salter.

Paradoxides davidis Salter.

Paradoxides hicksi Salter.

Paradoxides sp.
i

Sa (same horizon as 1). (For stratigraphic position and association, see p. 140.) Middle Cambrian: Above
and to the north of the limestone, in the shales of the Paradoxides zone. Topsail Head, Conception Bay,

Newfoundland (C. D. Walcott, 1888).

Lingulella ferruginea.

2b. Lower Cambrian: Limestone just north of Beman Park, in the northeastern part of the city of Troy, Troy
quadrangle (U. S. G. S.), Rensselaer County, N. Y. (H. E. Dickhaut, 1899).

Anopolenus venustus Billings.

Conocoryphe elegans (Hartt).

Ctenocephalus matthewi (Hartt).

Erinnys venulosa Salter.

Ptychoparia robbi Hartt.

Ptychoparia variolaris Salter.

Holocephalina infiata Hicks.

Agraulos socialis Billings.

Micromitra (Paterina) labradorica.

Bicia gemma.
*Bicia whiteavesi.

Obolella crassa.

Botsfordia caelata.

Billingsella salemensis.

2d. Lower Cambrian: Arenaceous limestone in the knobs just east of Beman Park and southwest of Brunswick,

near Troy, Troy quadrangle (U. S. G. S.), Rensselaer County, N. Y. (H. E. Dickhaut, 1899).

Obolella crassa.

2e (see 3b). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shale 25 feet (7.6 m.)

above the basal quartzite, Seeley Street, St. John, St. John County, New Brunswick (S. W. Loper, 1899).

Protorthis billingsi.

2f (3 feet below 2g; see 308e). (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sand-

stones of Division Ibl of Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook, St. John County,

New Brunswick (C. D. Walcott and S. W. Loper, 1899).

*Lingulella martinensis.

Acrothele prima.

*Acrotreta infiata.

Acrotreta sagittaHs transversa.

2g (3 feet above 2f and underljdng 2h; see 308e). (For stratigraphic position and association, see p. 133.) Middle

Cambrian: Sandstones of Division Ibl of Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook,

St. John County, New Brunswick (C. D. Walcott and S. W. Loper, 1899).

Lingulella martinensis. I
Acrotreta sagittalis.

*Acrotreta infiata. ]
Acrotreta sagittalis transversa.

Matthew cites the following additional species fi-om Division Ibl:

Acrothele matthewi? (Hartt). I *Hipponicharion eos Matthew.

*Acrothele matthewi prima Matthew=Acrothele prima. | Beyrichona tinea planata (Matthew).

21i (overlying 2g; see 301). (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sandstones

of Division lb2 of Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook, St. John County, New
Brunswick (C. D. Walcott and S. W. Loper, 1899).

Lingulella martinensis.

Trematobolus pristinus.

Acrothele prima.

*Acrothele prima costata.

Acrotreta sagittalis transversa.

Matthew cites the following additional species from Division lb2:

Beyrichona tinea Matthew.

*Beyrichona tinea planata (Matthew).

Beyrichona rotundata Matthew.

Beyrichona ovata Matthew.

Indiana secunda Matthew.

21 (underlying 2k). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sandstones of

Division lb3 of Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook, St. John County, New Bruns-

wick (C. D. Walcott and S. W. Loper, 1899).

Lingulella ferruginea?. Acrothele prima.

Lingulella martinensis. . Acrothele prima costata.

Botsfordia sp. Acrotreta sagittalis magna.

Trematobolus pristinus. Acrotreta sagittalis transversa.
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Matthew cites the following additional species from Division lb3:

Bradoria benepuncta (Matthew).

Bradoria minor (Matthew).

*Bradoria cambrica (Matthew).

Bradoria oculata (Matthew).

Indiana lippa (Matthew).

Indiana secunda pyriformis (Matthew).

Walcottella fusiformis (Matthew).

Beyrichona tinea Matthew.

Beyrichona tinea planata (Matthew).

*Beyrichona tinea triangularis (Matthew).

Beyrichona papilio (Matthew).

^Beyrichona rotundata Matthew.

*Hipponicharion minus Matthew.

*Hipponicharion cavatum Matthew.

2k (just above 2i). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sandstones of

Division IbS of Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook, St. John County, New Bruns-
wick (C. D. Walcott and S. W. Loper, 1899).

Trematobolus pristinus.

Acrothele prima costata.

Acrotreta sagittalis transversa.

Matthew cites the following additional species from this locality:

Indiana secunda pyriformis (Matthew).

Beyrichona tinea Matthew.

21 (underlying 2m). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Limestone at the

base of the Paradoxides zone [Matthew, 1895a, p. 108], Hanford Brook, St. John County, New Brunswick
(S. W. Loper, 1899).

Lingulella ferruginea.

Acrothele matthewi.

Acrothele matthewi multicostata.

Acrotreta sagittalis magna.

Protorthis billingsi.

*Eoorthis hastingsensis.

Matthew cites the following additional species from the base of the Paradoxides zone at this locality:

Beyrichona tinea Matthew.

2m (overlying 2 1). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shales near the base

of the Paradoxides zone [Matthew, 1895a, p. 108], Hanford Brook, St. John County, New Brunswick
(S. W. Loper, 1899).

Lingulella ferruginea.
|

Protorthis billingsi.

Acrothele matthewi.
|
Eoorthis hastingsensis.

Sn. Lower Cambrian: Limestone bowlders in conglomerate along the shore of the St. Lawrence, near Trois

Pistoles, Temiscouata County, Quebec, Canada (C. D. Walcott, 1899).

*Micromitra (Paterina) bella.

*Micromitra (Paterina) logani.

2o (see 2p and 2r). Lower Cambrian: Limestone bowlders in conglomerate on shore at east entrance to harbor at

Bic, Rimouski County, Quebec, Canada (C. D. Walcott, 1899).

Micromitra (Paterina) bella. Botsfordia caelata.

Micromitra (Paterina) labradorica. Yorkia wanneri?.

Bicia gemma. Nisusia festinata.

Kutorgina cingulata. Discinella sp.

Obolella crassa.

2p (see 2o and 2r). Lower Cambrian: Limestone on south side of the road a little west of Bic and half a mi!e

(0.8 km.) west of the road leading to the wharf, Rimouski Count}', Quebec, Canada (C. D. Walcott, 1899).

Bicia gemma.
Botsfor(Ua caelata.

2r (see 2o and 2p). Lower Cambrian: Limestone bowlders in a conglomerate in a cut on the Intercolonial Rail-

way, 2 miles (3.2 km.) west of Bic railway station, Rimouski County, Quebec, Canada (C. D. Walcott,

1899).

*Micromitra nisus: I Botsfordia cselata.

Micromitra (Paterina) labradorica?.
| Callavia bicensis Walcott.

2s (see2t). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Limestone in upper part

oi Paradoxides zone, at Hastings Cove [see Matthew, 1898b, p. 38], on Kennebecasis Bay, 0.5 mile (0.8 km.)
northeast of Torryburn, on the Intercolonial Railway, northeast of St. John, St. John County, New Bruns-
wick (C. D. Walcott, 1899).

Lingulella ferruginea.

Acrothele matthewi.

Acrothele matthewi multicostata.

*Acrotreta gracia.

Acrotreta misera.

Acrotreta sagittalis.

*Acrotreta sagittalis magna.

Billingsella coloradoensis.

Billingsella sp.

Eoorthis hastingsensis.
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Matthew cites the following additional species from this locality:

Indiana primseva (Matthew).

Indiana dermatoides (Walcott).

2t (shale in which limestone of 2s is interbedded). (For stratigraphic position and association, see p. 132.) Middle

Cambrian: Shales in upper part of Paradoxides zone, at Hastings Cove [see Matthew, 1898b, p. 38], on

Kennebecasis Bay, 0.5 mile (0.8 km.) northeast of Torryburn, on the Intercolonial Railway, northeast of

St. John, St. John County, New Brunswick (C. D. Walcott, 1899).

*Acrothele matthewi multicostata.

Acrotreta misera.

2u (below 2x; see 308g). (For stratigraphic position and acsociation, see p. 132.) Middle Cambrian: Lowes

beds exposed on the south side of Long Island, Kennebecasis Bay [see Matthew, 1898a, pp. 124 and 127],

St. John County, New Brunswick (C. L. Walcott, 1899).

Trematobolus kempanum.
*Protorthis helena.

Protorthis (Loperia) dugaldensis.

2x (=locality given by Matthew [1892, p. 59]; a higher horizon than 2u). (For stratigraphic position and associa-

tion, see p. 131.) Upper Cambrian: Thin-bedded sandstones of Division 2 of Matthew [1892, p. 59], on the

south shore of Long Island, Kennebecasis Bay [see Matthew, 1898a, pp. 124 and 127], St. John County

New Brunswick (C. D. Walcott, 1899).

*Lingulella minor.

Lingvdella minor?.

Lingulella (Lingulepis) starri.

2y. (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sandstone about 25 feet (7.6 m.)

above the Lower Cambrian, on the southeast side of Catons Island, in Long Reach, St. John River, Kings

County, New Brunswick (C. D. Walcott, 1899).

Botsfordia pulchra.

2z. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Nolichuckjf(?) shale [Campbell,

1899, p. 3], near Shipley Ferry, 0.75 mile (1.2 km.) northwest of Bethany Chapel, northeastern comer of

the Roan Mountain quadrangle (U. S. G. S.), Sullivan County, Tenn. (M. R. Campbell, 1894).

Dicellomus appalachia.

2z'. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales in the Honaker limestone

[Campbell, 1899, p. 3], at Wallace switch, about 5 miles (8 km.) northeast of Bristol, Bristol quadrangle

(U. S. G. S.), Sullivan County, Tenn. (T. C. Mendenhall and M. R. Campbell, 1894).

Dicellomus appalachia.

3 (highest horizon on Manuels Brook). (For stratigraphic position and association, see p. 140.) Upper Cambrian:

Shaly limestones 300 feet (91.4 m.) aboye the Paradoxides zone, Manuels Brook, Conception Bay, New-

foundland (C. D. Walcott, 1888).

Lingulella ferruginea. I
Acrotreta sagittalis transversa.

Acrothele matthewi.
I

Orusia lenticularis.

3a. Lower Cambrian: 450 feet (137.1 m.) below the quartzite in the St. John formation and over 500 feet (152.4

m.) below the Protolenus fauna of Matthew [see Walcott, 1900, pp. 320-322], Hanford Brook, St. John

County, New Brunswick (C. D. Walcott, 1899).

Micromitra (Paterina) labradorica.

3b (see 2e). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shale at the base of the

Paradoxides zone, head of Seeley Street, St. John, St. John County, New Brunswick (S. W. Loper, 1899).

Acrothele matthewi.

Protorthis billingsi.

Protorthis quacoensis.

30. (For stratigraphic position and association, see p. 158.) Middle Cambrian: Shales about 75 feet (22.9 m.)

above the quartzitic sandstones of the Cambrian, at Ophir, Oquirrh Range, Tooele County, Utah (H. E.

Dickhaut, 1900).

Obolus (Westonia) ella.

3d. (For stratigraphic position and association, see p. 157.) Middle Cambrian: Concretionary limestone about

100 feet (30.5 m.) above the quartzitic sandstones of the Cambrian, at Ophir, Oquirrh Range, Tooele

County, Utah (H. E. Dickhaut, 1900).

Micromitra sp.
j

Obolus (Westonia) ella.

Micromitra (Paterina) labradorica utahensis.
|
Olenoides?.
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(For stratigrapMc position and association, see p. 156.) Middle Cambrian: Thin-bedded limestone less than
400 feet (121.9 m.) above the quartzitic sandstones of the Cambrian, at Ophir, Oquirrh Range, Tooele
County, Utah (H. E. Dickhaut, 1900).

*AcrotheIe subsidua laevis.

*Acrotreta ophirensis.

*Acrotreta ophirensis rugosa.

Olenoides?.

Micromitra sp.

*Micromitra (Iphidella) pannula ophirensis".

Obolus matinalis.

Obolus tetonensis.

Lingulella arguta.

3g (see 360h). Middle Cambrian: Shales on river bank 250 feet (76.2 m.) above west end of Denver and Rio
Grande Railway tunnel, Glenwood Springs, Garfield County, Colo.

Obolus (Westonia) ella.

Lingulella sp.

31i. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale and shaly limestone, on
McNeil Brook, 1.5 miles (2.4 km.) east of Marion Bridge, Cape Breton, Nova Scotia (S. W. Loper, 1900).

*Obolus acadicus.

Obolus (Broggeria) salteri.

Lingulella concinna.

Lingulella ferruginea.

Schizambon priscus.

3i. (For stratigraphic position and association, see p. 132.) .
Middle Cambrian: Compact, fine-grained, thm-bedded

gray sandstone of the Paradoxides zone, on McLean Brook, 1 mile (1.6 km.) east of McCodrum Brook and

1.5 miles (2.4 km.) west of Marion Bridge, Cape Breton, Nova Scotia (S. W. Loper, 1900). Matthew [1903,

p. 195] says the horizon is his Division C2b.

*Lingulella cania. Lingulella rotunda.

Lingulella concinna. *Lingulella (Lingulepis) exigua.

Lingulella ferruginea. Acrothyra proavia.

3j (same locality as 5], but 25 feet above; see 4v and 4q). Middle Cambrian: Above the quartzitic sandstones, in

a shale corresponding in position to the upper part of shale No. 6 of the Dearborn River section [W^alcott,

1908f, p. 202], about 6 miles (9.6 km.) west-northwest of Scapegoat Mountain, on the Continental Divide

between Bar Creek and the headwaters of the south fork of the North Fork of Sun River, Coopers Lake

quadrangle (U. S. G. S.) Powell County, Mont. (C. D. Walcott, 1905).

Obolus mcconnelli.

Bathyuriscus productus (Hall and Whitfield).

3n. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Thin-bedded sandstone on Salmon

River, Gillis Hill, 13 miles (20.9 km.) south of Marion Bridge, eastern Cape Breton, Nova Scotia (S. W.
Loper, 1900).

Lingulella minor. I *Acrotreta convexa.

Lingulella (Lingulepis) exigua.
|

3o (see 372c). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales in the first

ravine south of the post office at Barachois, east of Little Bras d'Or Lake, eastern Cape Breton, Nova Scotia

(S. W. Loper, 1900).

Lingulella concinna.

3p. (For stratigraphic position and ass9ciation, see p. 131.) Upper Cambrian: Shales in ravine 0.5 mile (0.8 km.)

north of McMullins, on the crossroad to Boisdale station, eastern Cape Breton, Nova Scotia (S. W. Loper,

1900).

Lingulella concinna.

3c(. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale in Barachois Glen, 4 miles

(6.4 km.) south of Little Bras d'Or Lake, eastern Cape Breton, Nova Scotia (S. W. Loper, 1900).

Obolus (Broggeria) salteri.
j

Schizambon priscus.

Lingulella concinna.
I

Acrotreta bisecta.

3s (same horizon as Iz, 4, and 15b; =3t and 8g). (For stratigraphic position and association, see p. 156.) Middle

Cambrian: About 1,700 feet (518.2 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the Upper
Cambrian, in the shaly limestones and calcareous shales of the Wheeler formation [Walcott, 1908f, p. 181], in

the eastern part of Wheeler Amphitheater, east of Antelope Springs, House Range [Walcott, 1908f, Pis. XIII
[

and XV], Millard County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1903 and 1905).

Obolus mcconnelli pelias.

Acrothele subsidua.

Acrotreta attenuata.

Agnostus bidens (Meek).

Ptychoparia kingi (Meek).

Ptychoparia sp.

Asaphiscus wheeleri (Meek).
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3t (=3s, which see). (For stratigraphic position and association, see p. 156.)

3v. (For stratigraphic position and association, see p. 158.) Middle Cambrian: About 200 feet (61 m.) above the

Lower Cambrian in the " Spence shale " [Walcott, 1908f, p. 183] (described in this monograph, p. 158, as

Ih of the Howell formation), in Dome Canyon, about 5 miles (8 km.) west of Antelope Springs, House
Range [Walcott, 1908f, PI. XIII], Millard County, Utah.

(See p. 158 for list of species.)

3w (same horizon as 30g and llq). (For stratigraphic position and association, see p. 156.) Middle Cambrian
About 2,350 feet (716.3 m.) above the Lower Cambrian and 2,050 feet (624.8 m.) below the Upper Cambrian,

in the central portion of the thin-bedded limestones forming Ic of the Marjum limestone [Walcott, 1908f,

p. 180], in the cliff about 2 miles (3.2 km.) southeast of Marjum Pass, House Range [see Walcott, 1908f,

Pis. XIII and XV], Millard County, Utah (C. D. Walcott, 1903).

Lingulella arguta. I Ptychoparia.

Acrotreta bellatula.
|
Neolenus.

3x (=llx). (For stratigraphic position and association, see p. 156.) Middle Cambrian: About 2,200 feet (670.6

m.) above the Lower Cambrian and 2, 200 feet (670.6 m.) below the Upper Cambrian, in the limestones forming

Id of the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east of Antelope Springs, in ridge

eastof Wheeler Amphitheater, House Range [Walcott, 1908f, Pis. XIII and XV],.Millard County, Utah (C. D.
Walcott, F. B. Weeks, and L. D. Burlins. 1905).

Micromitra sculptills.

Micromitra (Iphidella) pannula ophirensis

Obolus mcconnelli pelias.

Obolus rotundatus.

Lingulella arguta.

Acrothele subsidua.

Acrothele subsidua Isevis.

Acrotreta attenuata.

Acrotreta ophirensis.

Eoorthis remnicha?.

*Eoorthis thyone.

*Syntrophia? unxia.

Agnostus 3 sp.

Ptychoparia.

Neolenus inflatus Walcott.

Neolenus intermedins Walcott.

Neolenus superbus Walcott.

Ogygopsis?.

3y. (For stratigraphic position and association, see p. 156.) Middle Cambrian: About 2,150 feet (655.3 m.) above

the Lower Cambrian and 2,250 (685.8 m.) below the Upper Cambrian, in the shaly limestones forming Id of

the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east of Antelope Springs, in ridge east of

Wheeler Amphitheater, House Range [Walcott, 1908f, Pis. XIII and XV], Millaid County, Utah (CD. Wal-

cott, F. B. Weeks, and L. D. Burling, 1905).

Obolus mcconnelli pelias. Ptychoparia.

Acrotreta ophirensis. Ogygopsis?.

Agnostus.

4 (same horizon as 3s). (For stratigraphic position and association, see p. 156.) Middle Cambrian: Drift pieces

believed to have come from the Wheeler formation [Walcott, 1908f, p. 181], collected near Antelope Springs,

House Range [Walcott, 1908f, PI. XIII], Millard County, Utah (J. F. Gibbs, 1889).

*Acrothele subsidua. I Ptychoparia kingi (Meek).

Agnostus interstrictus White.
|
Asaphiscus wheeleri (Meek).

4e (see 4m and 4n). Middle Cambrian: Limestones about 950 feet (289.6 m.) above the unconformable base of the

Cambrian, in the divide at head of Jackson Creek (locally known as Sheep Creek), a creek flowing into Jack-

son Lake about 0.5 mile (0.8 km. ) south of its northwestern corner, Teton Mountains, Grand Teton quadrangle

(U. S. G. S.), Uinta County, Wyo. (C. D. Walcott, 1898).

*Obolus tetonensis. I *Acrotreta microscopica tetonensis.

Lingulella (Lingulepis) acuminata meeki.
|
Billingsella coloradoensis.

(Possibly the last named is from a bed different from that containing the other species.)

4g (50 feet below 4h; see 4h, 4k, and 4p). Middle Cambrian^: About 325 feet (99.1 m.) above the base of the Cam-
brian, in the Flathead shales of Peale [1893, p. 21], 1 mile (1.6 km.) north of the junction of East Gallatin

and West Gallatin (Gallatin) rivers, 4 miles (6.4 km.) east-northeast of Ijogan, Threeforks quadrangle

(U. S. G. S.), Gallatin County, Mont. (C. D. Walcott).

Obolus (Westonia) ella.

4h (50 feet above 4g; see 4g, 4k, and 4p). Middle Cambrian: About 375 feet (114.3 m.) above the base of the Cam-
brian, in limestone interbedded in the Flathead shales of Peale [1893, p. 21], 1 mile (1.6 km.) north of the

junction of East Gallatin and West Gallatin (Gallatin) rivers, 4 miles (6.4 km.) east-northeast of Logan,

Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (C. D. Walcott).

Micromitra pealei. I Lingulella (Lingulepis) acuminata meeki.

Obolus tetonensis.
|
Acrotreta pyxidicula.
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4j. Middle Cambrian: Limestone at the head of Deep Creek, Canyon quadrangle (U. S. G. S.), Yellowstone
National Park, Wyo.

Billingsella plicatella.

Eoorthia sp. ^

*Huenella abnormis.

The first and third of these fossils may not have been collected from the same bed.

4k (4i is limestone interbedded in these shales; see 4g, 4h, and 4p). Middle Cambrian: About 725 feet (221 m.)
above the base of the Cambrian, in the shales of the Gallatin formation of Peale [1893, PI. IV], on the north

side of West Gallatin (Gallatin) River, northeast of Logan, Threeforks quadrangle (U. S. G. S.), Gallatin

County, Mont. (C. D. Walcott, 1898).

Obolus (Westonia) ella.

41. (For stratigraphic position and association, see pp. 140 and 158.) Lower Cambrian: Limestone in the equiv-
alent of the Pioche formation at Pioche and in the House Range [Walcott, 1908a, p. 11], on a ridge 2.5

miles (4 km.) northwest of the town of Cherry Creek, White Pine County, Nev. (O. H. Hershey).

Micromitra (Iphidella) pannula.

Acrotreta claytoni.

Acrotreta primaeva.

4m (about 175 feet below 4n). Middle Cambrian: Sandstones about 150 feet (45.7 m.) above the unconformable
base of the Cambrian, in the divide at the head of Jackson Creek (locally known as Sheep Creek), a creek
flowing into Jackson Lake about 0.5 mile (0.8 km.) south of its northwestern corner, Teton Mountains,
Grand Teton quadrangle (U. S. G. S.), Uinta County, Wyo. (C. D. Walcott, 1898).

Obolus tetonensis.

4n (about 175 feet above 4m). Middle Cambrian: Limestone about 325 feet (99.1 m.) above the unconformable
base of the Cambrian, in divide at the head of Jackson Creek (locally known as Sheep Creek), a creek flowing

into Jackson Lake about 0.5 mile (0.8 km.) south of its northwestern corner, Teton Mountains, Grand Teton
quadrangle (U. S. G. S.), Uinta County, Wyo. (C. D. Walcott and F. B. Weeks, 1898).

Micromitra pealei.
[

Lingulella helena.

Obolus (Westonia) ella,
j
Acrotreta attenuata.

M. pealei also occurs in locality 4n',,which is probably a slightly different bed at the locality given for 4n.

4o (about 50 feet above 4n). Middle Cambrian: Shale about 375 feet (115 m.) above the unconformable base of

the Cambrian, in divide at the head of Jackson Creek (locally known as Sheep Creek), a creek flowing into

Jackson Lake about 0.5 mile (0.8 km.) south of its northwestern corner, Teton Mountains, Grand Teton
quadrangle (U. S. G. S.), Uinta County, Wyo. (C. D. Walcott, 1898).

Acrotreta definita.

4p (see 4g, 4h, and 4k). Middle Cambrian: About 225 feet (68.6 m.) above the base of the Cambrian, in lime-

stones interbedded in the Flathead shales of Peale [1893, p. 21], on the north side of West Gallatin (Gal-
'

latin) River, 2 miles (3.2 km.) northeast of Logan, Threeforks quadrangle (U. S. G. S.), Gallatin County,
Mont. (C. D. Walcott, 1898).

Micromitra pealei.

4c[ (115 feet above 4v; see 3j and 4v). Middle Cambrian: About 315 feet (96 m.) above the unconformable base
of the Cambrian and 190 feet (57.9 m.) above the top of the quartzitic sandstones, in a shale which corre-

sponds in position to the upper part of shale No. 6 of the Dearborn River section [see Walcott, 1908f, p.

202], on the ridge between Gordon and Youngs creeks, about halfway between Gordon Mountain and Car-

dinal Peak, Ovando quadrangle (U. S. G. S.), Powell County, Mont. (C. D. Walcott, 1905).

Ptychoparia 3 sp.

Bathyuriscus productus (Hall and Whitfield).

Zacanthoides.

*Micromitra (Iphidella) nyssa

Micromitra (Iphidella) pannula.

*Acrothele colleni.

Wimanella simplex.

4ct' (just below 4q; see 3j, 4q, and 4v). Middle Cambrian: Limestone about 310 feet (94.5 m.) above the uncon-
formable base of the Cambrian and 185 feet (56.4 m.) above the top of the quartzitic sandstones, in a shale

which corresponds in position to the upper part of shale No. 6 of the Dearborn River section [see Walcott,

1908f, p. 202], on the ridge between Gordon and Youngs creeks, about halfway between Gordon Mountain
and Cardinal Peak, Ovando quadrangle (U. S. G. S.), Powell County, Mont. (C. D. Walcott, 1905).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

4r. Upper Cambrian: Just above the Middle Cambrian, in the limestones of the Gallatin formation of Peale

[1893, PL IV], on a ridge 8 miles (12.8 km.) east of Yellowstone River and 3 miles (4.8 km.) north-

northeast of Mount Delano, Livingston quadrangle (U. S. G. S.), Park County, Mont. (C. D. Walcott, 1898).

Eoorthis remnicha.
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4u. Middle Cambrian: Shalea in the Gallatin formation of Peale [1893, PI. IV], northwest side of canyon, 0.5

mile (0.8 km.) south of Helena, Jefferson County, Mont. (L. S. Griswold and C. D. Walcott, 1898).

Obolus (Westonia) ella.

Lingulella helena.

4v (115 feet below 4q; same horizon as 5j; see 3j and 4q). Lower Cambrian: About 200 feet (61 m.) above the

unconformable base of the Cambrian and 75 feet (22.9 m.) above the top of the quartzitic sandstones, in a

shale which corresponds in stratigraphic position to shale No. 6 of the Dearborn River section [see Walcott,

1908f, p. 202], Gordon Creek, 6 miles (9.6 km.) from South Fork of Flathead River, Ovando quadrangle

(U. S. G. S.), Powell County, Mont. (C. D. Walcott, 1905).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

Acrothele coUeni.

*Acrothele panderi.

*Wimanella simplex

Ptychoparia sp.

Albertella helena Walcott.

Bathyuriscus productus (Hall and Whitfield)?.

Bathyuriscus? sp.

4w (same horizon as 4q). Lower Cambrian: About 315 feet (96 m.) above the unconformable base of the Cambrian

and 190 feet (57.9 m.) above the top of the quartzitic sandstones, in a shale which corresponds in position

to shale No. 6 of the Dearborn River section [see Walcott, 1908f, p. 202], on Youngs Creek, about 5 miles

(8 km.) from its junction with Danaher Creek, Ovando quadrangle (U. S. G. S.), Powell County, Mont.

(CD. Walcott, 1905).

Wimanella simplex.

Ptychoparia sp.

Zacanthoides sp.

4x (a little higher than 5f ; see 4g, 4h, 4k, and 5f). Middle Cambrian: Limestone interbedded in the Wolsey shale

[Weed, 1900, p. 285], at the base of a biitte in Belt Park, about 6 miles (9.6 km.) northwest of Neihart, Little*

Belt Mountains quadrangle (U. S. G. S.), Cascade County, Mont. (C. D. Walcott, 1898).

Micromitra pealei.

Obolus tetonensis.

Scenella.

4y (=54t, which see). (For stratigraphic position and association, see p. 149.) (C. D. Walcott, 1898.)

Obolus (Westonia) ella.

Billingsella coloradoensis.

6. Middle Cambrian: Siliceous shale on Hayward Creek, Braintree, Dedham quadrangle (U. S. G. S.), Norfolk

County, Mass. (W. P. Rust, 1891).

Acrothele gamagei. I

Agraulos quadrangularis (Whitfield).

Hyolithes shaleri Walcott.
I

Paradoxides harlani Green.

Grabau [1900] cites the following additional species from this locality:

Fucoids or trails?. I
Hyolithes ? haywardensis Grabau.

Parmophorella acadica (Hartt). I

Ptychoparia, rogersi Walcott.

5a (=54t, which see). (For stratigraphic position and association, see p. 149.) (C. D. Walcott, 1898.)

Obolus wortheni.

Lingulella desiderata.

Billingsella coloradoensis.

6b (=54s, which see). (For stratigraphic position and association, see p. 152.) (C. D. Walcott, 1893.)

For the species occurring at this locality, see Locality 54s.

5o (=54t, which see). (For stratigraphic position and association, see p. 149.) (C. D. Walcott and L. D. Burling,

1906.)

Obolus wortheni.

*Acrotreta idahoensis.

Billingsella coloradoensis.

Sf (a little lower than 4x). Middle Cambrian: Limestone interbedded in the Wolsey shale fW^eed, 1900, p. 285],

in Meagher County, on the road to Wolsey, about 4 miles (6.4 km.) south of the divide at the head of Saw-

mill Creek and 11 miles (17.7 km.) south of Neihart, Little Belt Mountains quadrangle (U. S. G. S.), Cascade

County, Mont. (C. D. Walcott, 1898).

Micromitra pealei.

Obolus (Westonia) ella.

Lingulella desiderata.

Scenella.

Dorypyge? quadriceps (Hall and Whitfield).
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51i (=55d, which see). (For etratigraphic position and association, see p. 150.) (C. D. Walcott, 1898.)

Obelus (Westonia) ella.

5j (same horizon as 4v; same locality as 3]V but 25 feet below). Lower Cambrian: Above the quartzitic sand-

stones, in a shale which corresponds in position to shale No. 6 of the Dearborn River section [see Walcott,

1908f, p. 202], about 6 miles (9.6 km.) west-northwest of Scapegoat Mountain, on the Continental Divide

between Bar Creek and the headwaters of the south fork of North Fork of Sun River, Coopers Lake quad-

rangle (U. S. G. S.), Powell County, Mont. (C. D. Walcott, 1905).

Acrothele panderi.

Albertella helena Walcott.

5k. Middle Cambrian: Limestone in Meagher County, on the road to Wolsey, about 1 mile (1.6 km.) south of the

divide at the head of Sawmill Creek and 8 miles (12.8 km.) south of Neihart, Little Belt Mountains quad-

rangle (U. S. G. S.), Cascade County, Mont. (C. D. Walcott, W. H. Weed, and F. B. Weeks, 1895).

Micromitra sp. I *Schuchertina cambria.

Dicellomus politus.
j
Billingsella coloradoensis.

5 1 (50 feet below 5n at same locality ; same horizon as 5p and 41). (For stratigraphic position and association, see

p. 141.) Lower Cambrian: Limestone on Smith Point, in Smith Sound, Trinity Bay, Newfoundland (C. D.

Walcott, 1899).

Micromitra (Paterina) labradorica.

Olenellus?.

5n (50 feet above 5 1 at same locality; 275 feet below 5o). (For stratigraphic position and association, see p. 141.)

Lower Cambrian: Shale on Smith Point, in Smith Sound, Trinity Bay, Newfoundland (C. D. Walcott, 1899).

Obolella atlantica.

Callavia broggeri (Walcott).

5o (about 275 feet above 5n; see 51 and 5n). (For stratigraphic position and association, see p. 141.) Lower
Cambrian: Just below the Middle Cambrian, in shales on Smith Point, in Smith Sound, Trinity Bay, New-
foundland (S. W. Loper and C. D. Walcott, 1899).

Obolella atlantica.

Olenellus?.

8p (same horizon as 51 and 41). (For stratigraphic position and association, see p. 141.) Lower Cambrian: Lime-

stone 300 feet (91.4 m.) southeast of the railway station, Manuels, Conception Bay, Newfoundland (C. D.

Walcott, 1899).

Obolella atlantica.

Callavia broggeri (Walcott).

5r. (For stratigraphic position and association, see p. 141.) Lower Cambrian: Limestone near the railroad track,

1.5 miles (2.4 km.) west of the railway station at Manuels, Conception Bay, Newfoundland (C. D. Walcott,

1899).

Micromitra (Paterina) labradorica.

Callavia broggeri (Walcott).

St. (For stratigraphic position and association, see p. 141.) Lower Cambrian: Shale and limestone nodules about

20 feet (6 m.) above the base of the Cambrian, on Redrock Point, near Chappie Cove, Hollywood Point, Con-

ception Bay, Newfoundland (J. P. Howley and C. D. Walcott, 1899).

Micromitra (Paterina) labradorica.

Obolella atlantica.

Callavia broggeri (Walcott).

6g. (For stratigraphic position and association, see p. 141.) Middle Cambrian: Limestone near the base of the

Middle Cambrian, the lowest horizon carrying Paradoxides, northwest side of Chappie Arm Harbor, about 1

mile (1.6 km.) from its head. Trinity Bay, Newfoundland (J. P. Howley and C. D. Walcott, 1899).

Micromitra (Iphidella) ornatella.

Micromitra (Iphidella) pannula maladensis.

Lingulella ferruginea.

Acrothele matthewi.

Acrotreta misera.

Acrotreta sagittalis.

61i. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Limestone in the southwest cove of

Chappie Arm, Trinity Bay, Newfoundland (C. D. Walcott, 1899).

Acrotreta misera.
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6i (280 feet below 6b). (For stratigraphic position and association, see p. 140.) Middle Cambrian: Limestone

about 300 feet (91.4 m.) below the base of the Upper Cambrian, on shore north of Fosters Point, Random
Island, Random Sound, Newfoundland (G. D. Walcott, 1899).

Acrotreta sagittalis.

Agnostus.

Microdiscus.

61 (=la, except that the fossils, were collected on the east side of the brook). (For stratigraphic position and
association, see p. 140.) (C. D. Walcott, 1899.)

Lingulella ferruginea.
|

Acrotreta?.

Acrothele matthewi.
|
*Eoorthis papias.

6n (=la, except that the fossils were collected on the west side of the brook). (For stratigraphic position and
association, see p. 140.) (C. D. Walcott, 1899.)

Lingulella ferruginea.

Acrothele matthewi.

Acrothele prima costata.

6r. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Limestone on the west side oi

Manuels Brook, Conception Bay, Newfoundland (C. D. Walcott, 1899).

Lingulella ferruginea.

Acrotreta misera.

6s (=6u; 280 feet above 6i). (For stratigraphic position and association, see p. 140.) Upper Cambrian: Just

north of Fosters Point, Random Island, Random Sound, Newfoundland (C. D. Walcott, 1899).

Lingulella ferruginea?.

6u (same horizon as 6s). (For stratigraphic position and association, see p. 140.) Upper Cambrian: Shale on the

west side of Manuels Brook, Conception Bay, Newfoundland (C. D. Walcott, 1899).

Lingulella ferruginea.

6v (375 feet above 6n). (For stratigraphic position and association, see p. 140.) Upper Cambrian: Shaly lime-

stones 325 feet (99.1 m.) above the Middle Cambrian, Manuels Brook, Conception Bay, Newfoundland (C. D.

Walcott, 1899).

Orusia lenticularis.

6w. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Limestone at Seal Point Cove, near

Long Point, Trinity Bay, Newfoundland (C. D. Walcott, S. W. Loper, and J. P. Howley, 1899).

Acrotreta sagittalis.

6y. (For stratigraphic position and association, see p . 140. ) Upper Cambrian : Sandstone on north side of Random
Island, between Birch and Sandy points. Smith Sound, Trinity Bay, Newfoundland (C. D. Walcott and
S. W. Loper, 1899).

*Lingulella randomensis.

7. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Shaly beds about 1,000 feet (305 m.)

above the quartzitic beds. Silver Canyon, \Miite Mountain Range, Inyo County, Cal. (C. D. Walcott, 1894).

Kutorgina perugata.

Yorkia wanneri?.

7d. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shales in second cliff, 0.125

mile (0.2 km.) west of Peak post office, 3 miles (4.8 km.) south of Clinton, Briceville quadrangle (U. S. G. S.),

Anderson County, Tenn.

Obolus lambomi.

Lingulella ino.

7i. (For stratigraphic position and association, see p. 139.) Middle Cambrian: Limestone just west of the summit,
on the road east of Schellbourne, Schell Creek Range, ^Tiite Pine County, Nev. (J. E. Spurr, 1899).

Obolus rotundatus. I Lingulella punctata.

Lingulella manticula.
| Acrotreta idahoensis alta.

7j. Middle Cambrian: Limestones at the north end of the Quinn Canyon Range, 1 mile (1.6 km.) northwest of

the Italian Ranch foothills, Nye County, Nev. (J. E. Spurr, 1899).

Micromitra 2 sp. undt.

Obolus rotundatus.

Lingulella manticula.

"Lingulella similis.

Fossils marked ° may not all be from the same bed or even from the same approximate stratigraphic horizon.

*Acrotreta cf . idahoensis.

"Acrotreta primseva?.

"Acrotreta pyxidicula.
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7k (see 31 and 333b). (For stratigraphic position and association, see p. 158.) Middle Cambrian: Shales in the

dumps of the Half-moon and Chisholm mines, southwest slope of Ely Mountains, 3 miles (4.8 km.) north-

west of Pioche, Lincoln County, Nev. (J. E. Spun-, 1899).

OboluB (Westonia) ella.

7n. Upper? Cambrian: Limestone at Hornet Spring in the Spring Mountain Range, on the road from Indian Spring

to Pahrump Valley, Lincoln County, Nev. (J. E. SpuiT, 1899).

*Obolus sp. undt. b.

7r (see 7s and 7v). Middle Cambrian: Calcareous shales 4 miles (6.4 km.) south-southeast of Emigrant Peak,

Silver Peak quadrangle (U. S. G. S.), Esmeralda County, Nev, (H. W. Turner, 1899).

Obolus mcconnelli decipiens.

*Acrothele turneri.

7s (see 7r and 7v). Upper Cambrian: Shales of the Emigrant formation [Turner, 1902, p. 265], 4 miles (6.4 km.)

south-southeast of Emigrant Peak, Silver Peak quadrangle (U. S. G. S.), Esmeralda County, Nev. (H. W.
Turner, 1899).

Obolus mcconnelli pelias.

7v (see 7r and 7s). Upper Cambrian: Shales of the Emigrant formation [Turner, 1902, p. 265], 4.25 miles (6.8 km.)

south-southeast of Emigrant Peak, Silver Peak quadrangle (U. S. G. S.), Esmeralda County, Nev. (H. W.
Turner, 1899).

"*Obolus mcconnelli decipiens.

Acrotreta argenta.

7w. (For stratigraphic position and association, see p. 156.) Middle Cambrian: Limestone in Rock Canyon in the

Wasatch Mountains, east of Provo, Utah County, Utah (G. H. Girty, 1900).

"^Nisusia (Jamesella) utahensis.

Dorypyge?.

7x (=7y; 50 feet below 8a). Upper Cambrian: limestone of the Emigrant formation [Turner, 1902, p. 265], about

2.5 miles (4 km.) southeast of Emigrant Pass, Silver Peak quadrangle (U. S. G. S.), Esmeralda County,

Nev. (F. B. Weeks, 1900).

Lingulella (Lingulepis) acuminata.

Acrotreta argenta.

Menocephalus sp.

Acrotreta argenta.

Menocephalus.

Obolus mcconnelli decipiens.

* Obolus (Fordinia) bellulus.

Lingulella desiderata.

7y (=7x, which see). (F. B. Weeks, 1900.)

Obolus (Fordinia) bellulus.

Lingulella desiderata.

Xingulella (Lingulepis) acuminata.

7z. Upper Cambrian: Limestone of the Emigrant formation [Turner, 1902, p. 265], about 3 miles (4.8 km.) south-

east of Emigi-ant Pass, Silver Peak quadrangle (U. S. G. S.), Esmeralda County, Nev. (F. B. Weeks, 1900).

Obolus (Fordinia) bellulus.

Lingulella desiderata.

Lingulella (Lingulepis) acuminata.

8a (50 feet above 7x). Upper Cambrian: Shaly limestones of the Emigrant formation [Turner, 1902, p. 265],

2 miles (3.2 km.) southeast of Emigrant Pass, Silver Peak quadrangle (U. S. G. S.), Esmeralda County,

Nev. (F.B. Weeks, 1900).

Obolella?.

8b. Lower Cambrian: Limestone in ToUgate Canyon, about 15 miles (24.1 km.) east of A^Tiite Pine, White Moun-

tain Range, Inyo County, Cal. (C. D. Walcott, 1894).

Kutorgina sp.

Obolella vermilionensis.

*Wimanella inyoensis.

8b'. Upper Cambrian: Shales of the Emigrant formation [Turner, 1902, p. 265], in a ravine on the east side of

the road about 1 mile (1.6 km.) southwest of Emigrant Pass, Silver Peak quadrangle (U. S. G. S.), Esmeralda

County, Nev. (F. B. Weeks, 1900).

"* Acrotreta argenta.

8d (see 372). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales at Upper Leitches

Creek, eastern Cape Breton, Nova Scotia (S. W. Loper, I'JOO).

Xiingulella concinna.
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8e. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Limestone in Patterson Canyon,

west side of the Schell Creek Eange, White Pine County, Nev. (F. B. Weeks, 1900).

Lingulella manticula.

8f. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Limestone at summit of canyon
10 miles (16.1 km.) south of Egan Canyon, east side of Egan Range, White Pine County, Nev. (F. B. Weeks,

1900).

Obolus discoideus. I Lingulella punctata.

Lingulella manticula.
|
Eoorthis?.

8g (=3s and 3t, which see). (For stratigraphic position and association, see p. 156.) (P. B. Weeks, 1900.)

Obolus mcconnelli pelias.

Acrothele subsidua.

81. (For stratigraphic position and association, seep. 156.) Middle Cambrian: Shales believed to be referable to

the lower portion of the Marjum limestone [Walcott, 1908f, p. 180], found about 0.5 mile (0.8 km.) east of

Antelope Springs, House Range [Walcott, 1908f, PL XIII], Millard County, Utah (F. B. Weeks, 1900).

Micromitra sculptilis.

Obolus mcconnelli pelias.

Kutorgina sp.

8j. Middle Cambrian: About 575 feet (175.8 m.) above the unconformable base of the Cambrian, in a shale which

corresponds in position to shale No. 4 of the Dearborn River section [see Walcott, 1908f, p. 202], on the ridge

between Gordon and Youngs creeks, about halfway between Gordon Mountain and Cardinal Peak, Ovando
quadrangle (U. S. G. S.), Powell County, Mont. (C. D. Walcott, 1905).

Micromitra (Paterina) superba. Ptychoparia sp.

Obolus mcconnelli pelias. Zacanthoides sp.

Bathyuriscus productus? (Hall and Whitfield).

8k. (For stratigraphic position and association, see p. 156.) Middle Cambrian: Shales 0.5 mile (0.8 km.) northwest

of Tyler Springs, east slope of House Range, east of Antelope Springs [Walcott, 1908f, PI. XIII], Millard-

County, Utah (F. B. Weeks, 1900).

Obolus mcconnelli pelias.

8m. (For stratigraphic position and association, seep. 139.) Middle Cambrian: Limestone near the south end
of the high ridge 4 miles (6.4 km.) northeast of Osceola, White Pine County, Nev. (F. B. Weeks, 1900).

Obolus mcconnelli.

Obolus mcconnelli decipiens.

8n. (For stratigraphic position and association, seep. 139.) Upper Cambrian: Limestone about 500 feet (152 m.)

up in the Cambrian limestones east of Swallow ranch, west side of the Snake Range, 20 miles (32.2 km.)

south of Osceola, "WTiite Pine County, Nev. (F. B. Weeks, 1900).

Lingulella desiderata.

8o. (For stratigraphic position and association, see p. 139.) Upper Cambrian : Limestone on the slope of the ridge

where the range swings around to the northwest, 2 miles (3.2 km.) north of Aurum, Schell Creek Range,

White Pine County, Nev. (F. B. Weeks, 1900).

* Micromitra sculptilis endlichi.

Micromitra sp.

Obolus rotundatus.

LinguleUa punctata.

Acrotreta microscopica.

Eoorthis sp.

8p. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Limestone halfway up the canyon

east of McGill's ranch, on the west side of the Schell Creek Eange, 14 miles (22.5 km.) northeast of Ely,

'W'hite Pine County, Nev. (F. B. Weeks, 1900).

Obolus rotundatus?.

8q. Lower Cambrian: Shales near the contact between the Cambrian and the Triassic, 2 miles (3.2 km.) northwest

of York, York County, Pa. (A. Wanner, 1900).

Obolus sp.

Olenellus thompsoni rudis Walcott.

8r. Upper Cambrian: Shales of the Emigrant formation [Turner, 1902, p. 265], about 8 miles (12.8 km.) south-

east of Emigrant Peak, Silver Peak quadrangle (U. S. G. S.), Esmeralda County, Nev. (H. W. Turner).

Obolus mcconnelli decipiens.

8v. (For stratigraphic position and association, seep. 146.) Lower Cambrian: Shales in upper portion of Holmia

kjerulfi zone, Ringsaker, near Lake Mjosen, Province of Hedemarken, Norway (Schmalensee, 1900).

Obolella mobergi.

* Acrothele bellapunctata.
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8w (see 310 1, 320f, and 321y). (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-
stones of Paradoxidesforchhammeri zone, at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province

of Christianstad, Sweden (Schmalensee, 1900).

Micromitra pusilla.

Micromitra (Iphidella) ornatella.

*Obolus schmalenseei.

Lingulella ferruginea.

Lingulella sp.

Acrothele coriacea.

Acrotreta sagittalis.

*Acrotreta schmalenseei.

Acrotreta socialis.

Dolichometopus svecicus Angelin.

Elyx laticeps Angelin,

Solenopleura holometopa Angelin.

(For stratigraphic position and association, see p. 144.) Passage beds between the Upper Cambrian and the

Ordovician: Ctratopyge limestone at the cement works at Slemmestad, in Roken, about 3 miles (4.8 km.)
southwest of Christiania, Norway (Schmalensee, 1900).

Obolus (Broggeria) salteri.

Lingulella lepis.

Lingulella sp.

Acrothele coriacea.

*Acrotreta seebachi.

Acrotreta socialis.

Eoorthis daunus.

Eoorthis winiani.

Ceratopyge forficula Sars.

Triarthrus angelini Linnarsson.

8y. (For stratigraphic position and association, see p. 146.) Lower Cambrian: With Torellella Ixvigata in the

"Sparagmite" sandstone, at Sk&rosen, northwest Dalarne, Province of Kopparberg, Sweden (Schmalensee,

1900).

Lingulella nathorsti.

Torellella laevigata Linnarsson.

8z. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Limestones of Paradoxides

mlandicus zone, Borgholm, Oeland Island, Sweden (Schmalensee, 1900).

Acrothele (Redlichella) gi'anulata. [ Liostracus aculeatus Angelin.

Acrotreta socialis. EUipsocephalus polytomus Linnarsson.

4:ftrotreta sp.
I

9 (same horizon as 9a). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone

on southeastern slope of ridge 1 mile (1.6 km.) north of the northwest corner of Harlan Knob, about 4 miles

(6.4 km.) northeast of Rogersville [see Keith, 1905, areal geology sheet], Hawkins County, Tenn. (C. D.
Walcott, 1891).

Lingulella desiderata.

9a (same horizon as 9). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone
on the south shore of Holston River, at Melinda Ferry, 5 miles (8 km.) southwest of Rogersville [see

Keith, 1896a, areal geology sheet], Hawkins County, Tenn. (C. D. Walcott, 1891).

Lingulella desiderata.

Lingulella similis.

9d. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus sandstone at Jaggowal,

about 20 miles (32.2 km.) east-southeast of Reval, Government of Esthonia, Russia (Schmalensee, 1900).

Obolus apollinis.

Obolus triangularis.

Keyserlingia buchi.

9e. (For stratigraphic position and association, see p, 145.) Upper Cambrian: Sandstone in the Obolus con-

glomerate at Boda, north of Rattvik, Dalarne, Sweden (Schmalensee, 1900),

Obolus apollinis.

9f. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Limestones of the Olenus zone at

Noersnaes, west of Christiania, Norway (Schmalensee, 1900).

Lingulella lepis,

Orusia lenticularis.

Peltura scarabseoides Wahlenberg.

91i (limestone above the Wolsey shale). Middle Cambrian: Limestone on Beaver Creek, 5 miles (8 km.) north

of York, about 8 miles (12.8 km.) north of Canon Ferry, Big Belt Mountains, Fort Logan quadrangle

(U. S. G. S.), Meagher County, Mont. (C. D. Walcott, 1900).

Micromitra pealei. I Acrotreta attenuata.

Obolella?.
|
Billingsella plicatella.

9k. Middle Cambrian: Limestone forming Ic of the Dearborn River section [Walcott, 1908f, p. 201], on North

Fork of Dearborn River, in the eastern part of the Lewis and Clark National Forest, Lewis and Clark

County, Mont. (C. D. Walcott, 1900).

*Dearbornia clarki.
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9m. Middle Cambrian: Shale 4 miles (6.4 km.) above Walker's ranch, on North Fork of Dearborn River, in the
eastern part of the Lewis and Clark National Forest, Lewis and Clark County Mont. (C. D. Walcott,

1900).

Obelus (Westonia) ella.

9ii (=326e). Lower Cambrian: Dark pm-plish siliceous shales on Pearl Street, North Weymouth, Norfolk County,
Mass. (H. T. Burr, 1900).

Obolella atlantica.

Callavia burri Walcott.

Callavia crosbyi Walcott.

So. Middle Cambrian: Siliceous limestone about 15 feet (4.6 m.) above the Coronado quartzite [Lindgren, 1905,

p. 3], 0.5 mile (0.8 km.) southwest of Milk ranch, on the first spur north of the one which the main road
follows, Clifton quadrangle (U. S. G. S.), Graham County, Ariz. (J. M. Boutwell, 1901).

Lingulella lineolata.

Lingulella perattenuata.

9p (about 115 feet above 9r; 55 feet above 12s; almost same horizon as 9x; 10 feet below 9t). (For stratigraphic

position and association, see p. 142.) Upper Cambrian: About 160 feet (48.8 m.) above the porphyry con-
tact in the limestone of the Reagan sandstone, in SE. J NE. J sec. 2, T. 4 N., R. 13 W., about 15 miles.

(24.2 km.) northwest of Fort Sill, Comanche County, Okla. (E. 0. Ulrich, 1901).

Obolus tetonensis ninus.

*Lingulella ora.

Linnarssonella girtyi.

Ptychoparia sp.

Chariocephalus sp.

Uleenurus sp.

9q (50 feet below 12d). (For stratigraphic position and association, see p. 142.) Upper Cambrian: About 10 feet

(3 m.) above the porphyry contact and 90 feet (27.4 m.) below the Arbuckle limestone, in limestone of the

Reagan sandstone, in middle of west half of sec. 2, T. 4 N., R. 13 W., about 15 miles (24.2 km.) northwest

of Fort Sill, Comanche County, Okla. (E. 0. Ulrich, 1901).

Obolus tetonensis ninus.

Lingulella ora.

Lingulella (Lingulepis) acuminata.

Linnarssonella girtyi.

Linnarssonella girtyi?.

Eoorthis wichitaensis-

Agnostus sp.

Agraulos sp.

Ptychoparia sp.

Pterocephalus sp.

9r (about 125 feet below 9t; about 115 feet below 9p; see 9v). (For stratigraphic position and association, see

p. 142.) Upper Cambrian: About 45 feet (14 m.) above the porphyry contact in the limestone of the

Reagan sandstone, in SE. i NE. f sec. 2, T. 4 N., R. 13 W., 15 miles (24.2 km.) northwest of Fort Sill,

Comanche County, Okla. (E. O. Ulrich, 1901).

Acrotreta microscopica.

Agnostus sp.

Ptychoparia sp.

*Obolus tetonensis ninus.

Lingulella similis.

Linnarssonella girtyi.

9s (believed to just overlie 9u). (For stratigraphic position and association, see p. 142.) Upper Cambrian: About
85 feet (26 m.) below the Arbuckle limestone, in the limestone of the Reagan sandstone, near middle of

west half of sec. 13, T. 4 N., R. 13 W., 13 miles (20.8 km.) northwest of Fort Sill, Comanche County, Okla.

(E. 0. Ulrich, 1901).

Obolus tetonensis ninus. 1 Lingulella (Lingulepis) acuminata.

Lingulella similis.
|
Eoorthis wichitaensis.

9t (125 feet above 9r; 10 feet above 9p; 25 feet below 9u; see 9v). (For stratigraphic position and association,

see p. 142.) Upper Cambrian: About 170 feet (52 m.) above the porphyry contact in the limestone of the

Reagan sandstone, SE. J NE. i sec. 2, T. 4 N., R. 13 W., 15 miles (24.2 km.) northwest of Fort Sill,

Comanche County, Okla. (E. 0. LTlrich, 1901).

Acrotreta microscopica.

Eoorthis indianola.

Ptychoparia sp.

Obolus matinalis.

Obolus tetonensis ninus,

Lingulella similis.

9u (believed to just underlie 9s; 25 feet above 9t). (For stratigraphic position and association, see p. 142.) Upper
Cambrian: About 195 feet (59.4 m.) above the porphyry contact in the limestone of the Reagan sandstone,

in SE. i NE. } sec. 2, T. 4 N., R. 13 W., 15 miles (24.2 km.) northwest of Fort Sill, Comanche County,

Okla. (E. O. Ulrich, 1901).

Obolus tetonensis ninus.

Lingulella similis.

Eoorthis indianola.

Eoorthis wichitaensis.

Syntrophia primordialis.

Agnostus sp.

Ptychoparia sp.
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9v (150 feet below 9w; between 9r and 9t). (For stratigraphic position and association, see p. 142.) Upper Cam-
brian: Limestone of the Reagan sandstone about 250 feet (76 m.) below the Arbuckle limestone, SW. {
sec. 17, T. 4 N., R. 12 W., about 11 miles (17.7 km.) northwest of Fort Sill, Comanche County, Okla. (E. 0.
Ulrich, 1901).

Llngulella (Lingulepis) acuminata.

Linnarssonella girtyi.

Agnostus sp.

Agraulos sp.

Chariocephalus? sp.

Illsenurus? sp.

9w (150 feet above 9v). (For stratigraphic position and association, see p. 142.) Upper Cambrian: Limestone of

the Reagan sandstone about 100 feet (30.5 m.) below the Arbuckle limestone, SW. J sec. 17, T. 4 N., R. 12

W., 11 miles (17.7 km.) northwest of Fort Sill, Comanche County, Okla. (E. 0. Ulrich, 1901).

Eoorthis indianola.

Agnostus.

9x (almost same horizon as 9p). (For stratigraphic position and association, see p. 142.) Upper Cambrian: Sand-
stones lying between beds of quartzite underlying the 300 feet of limestone at the top of the Reagan sand-
stone, SW. I sec. 17, T. 4 N., R. 12 W., about 11 miles (17.7 km.) northwest of Fort Sill, Comanche County,
Okla. (E. 0. Ulrich, 1901).

Dicellomus politus.

9z. (For stratigraphic position and association, see p. 142.) Upper Cambrian: Basal beds of the Arbuckle lime-
stone, about 25 feet above the heavy bedded limestone, near the middle of the west half of sec. 13, T. 4 N.,
R. 13 W., about 13 miles (20.8 km.) northwest of Fort Sill, Comanche County, Okla. (E. 0. Uhich, 1901).

Eoorthis wichitaensis.

Dikellocephalus.

10a (see 106). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandy layers of the

Rome formation in western raUroad cut through Shocks Gap, in Bays Mountains, 10 miles (16.1 km.) south-

east of Knoxville [see Keith, 1895, areal geology sheet], Knox Comity, Tenn. (C. D. Walcott, 1891).

*Obolus pandemia.

*Lingulella auga.

Lingulella similis.

10b. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandy layers of the Rome forma-

tion at the western end of the central railroad cut through Shocks Gap, in Bays Mountains, 10 miles (16.1 km.)
southeast of Knoxville [see Keith, 1895, areal geology sheet], Knox County, Tenn. (C. D. Walcott, 1891).

Lingulella auga.

10c (50 feet below 10k). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales on west
side of Barachois River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri. I Schizambon prisons?.

Lingulella concinna.
]
Acrotreta bisecta.

lOd. (For stratigraphic position and association, seep. 131.) Upper Cambrian: Shales on west side of Barachois

River, 0.125 mile (0.2 km.) north of Boisdale road, opposite McMullin's place, eastern Cape Breton, Nova
Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri. I Schizambon priscus.

Lingulella concinna.
|
Acrotreta bisecta.

lOe (50 feet above lOf). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales on the
east branch of Barachois River, 0.5 mile (0.8 km.) north of the crossroad from Boisdale to Upper Leitches

Creek, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri.

Lingulella concinna.

Schizambon priscus.

Acrotreta bisecta.

Acrotreta convexa.

lOf (=10g; 50 feet below lOe). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales
on the east branch of Barachois River, 0.75 mile (1.2 km.) north of the crossroad from Boisdale to Upper
Leitches Creek, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri.

Lingulella concinna.

Schizambon priscus.

Acrothele sp.

Acrotreta bisecta.

lOg (=10f). (For stratigraphic position and association, see p. 131.) (S. W. Loper, 1901.)

Obolus (Broggeria) salteri.

Lingulella concinna.

Schizambon priscus.

Acrotreta bisecta.

Acrotliyia proavia.
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lOh. (For stratigraphic position and association, seep. 131.) Upper Cambrian : Shale on small east branch of Bara-

chois River, 0.75 mile (1.2 km.) north of the crossroad from Boisdale to Upper Leitches Creek, eastern Cape
Breton, Nova Scotia (S. W. Loper, 1901).

Lingulella concinna.
|
Acrotreta bisecta.

Schizambon priscus.
|

Orusia lenticularis.

lOi. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale in high bank on west side

of Barachnis River, just north of the Boisdale road, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri. I Schizambon priscus.

Lingulella concinna.
|
Acrotreta convexa.

10k (50 feet above 10c). (For stratigraphic position and association, see p. 131.) Upper Cambrian : Shale on west

bank of Barachois River, about 0.25 mile (0.4 km.) north of the Boisdale road, eastern Cape Breton, Nova
Scotia (S. W. Loper, 1901).

Schizambon priscus.

101. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale on east bank of Barachois

River, 6 miles (9.6 km.) from Little Bras d'Or Lake, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri.

Lingulella concinna.

Schizambon priscus.

Acrotreta bisecta.

Acrotreta convexa.

10m (see 372a). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales 2 miles (3.2 km.)
south of the Boisdale road from Upper Leitches Creek, toward the head of Barachois River, eastern Cape
Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri.

Lingulella concinna.

lOn. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale in ravine on east side of

Barachois Glen, 3 miles (4.8 km.) from Barachois, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Broggeria) salteri.

Lingulella concinna.

Acrotreta bisecta.

lOo. (For stratigraphic position and association, see p. 132.) Middle? Cambrian: Arenaceous shales in the railroad

cut on the shore of Bras d'Or Lake, at Barachois, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Westonia) escasoni?.

lOp (a little below lOq ; see 344o). (For stratigraphic position and association, seep. 134.) Middle Cambrian:

Sandstone just below the waterfall in Division B2b of Matthew's [1903, p. 21] Etcheminian, Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Obolus (Palseobolus) bretonensis.

Lingulella atava.

Lingulella collicia.

Lingulella triparilis.

Lingulella sp.

Lingulella (Lingulepis) gregwa.

Lingulella (Lingulepis) gregwa robusta.

Lingulella (Lingulepis) longinervis.

Acrothele avia.

Acrotreta gemmula.

Acrothyra proavia.

Acrothyra sera.

Acrothyra signata.

Acrothyra signata orta.

*Protorthis (Loperia) dugaldensis.

Matthew [1903, p. 25] gives the following as occurring in Division 2b:

Acrothyra signata tarda=Acrothyra sera. I Orthotheca.

Lingulepis longinervis.
|
Bradorona perspicator magna Matthew.

Bassler cites the following from this locality:

Bradoria acuta (Matthew).

Bradoria benepuncta (Matthew).

Bradoria ovalis (Matthew).

Bradoria perspicator (Matthew) ss.

Bradoria robusta (Matthew).

Bradoria spectator (Matthew).

lOp'. (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandstone 0.25 mile (0.4km.)

from lower bridge, on Gregwa Brook, Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Lingulella (Lingulepis) gregwa. I Lingulella (Lingulepis) longinervis.

Lingulella (Lingulepis) gregwa robusta.
|
Acrothyra sera.
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lOp". (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandstone on the small brook

on the hill between the bridge over Indian River and McPhees Brook, Cape Breton, Nova Scotia (S. W.
Loper, 1901).

Obolus (Palaeobolus) bretonensis.

Lingulella (Lingulepis) gregwa.

Lingulella (I.ingulepis) gregwa robusta.

Lingulella (Lingulepis) longinervis.

Acrothele avia.

Acrotreta gemmula.

Acrothyra sera.

Bradoria robusta (Matthew).

Bradoria obesa (Matthew).

lOq (a little above lOp; see 344o). (For stratigraphic position and association, see p. 134.) Middle Cambrian:

Sandstone below the waterfall in Division E2b of Matthew's [1903, p. 21] Etcheminian, Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Acrothyra proavia.

Matthew [1903, p. 25] cites the following species from Division 2b:

Acrothyra signata tarda=Acrothyra sera. I Orthotheca.

Lingulepis longinervis.
j
Bradorona perspicator magna Matthew.

Bassler cites the following from this locality:

Bradoria elongata n. sp.

lOr. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Arenaceous shales of Division

C3a? of Matthew at McAdam shore. East Bay, east of Bras d'Or Lake, eastern Cape Breton, Nova Scotia

(S. W. Loper, 1901).

Obolus (Broggeria) salteri.
|

Obolus (Westonia) escasoni?.

Obolus (Palaeobolus) bretonensis.
|
*Lingulella lens.

10s. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sandstone on McLean Brook,
near Marion Bridge, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Lingulella cania.

Lingulella (Lingulepis) exigua.

Beyrichona triceps Matthew.

lot. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sandstone on McLean BrooK,
near Marion Bridge, eastern Cape Breton, Nova Scotia (S. W. Loper, 1901).

Lingulella (Lingulepis) exigua.

lOv. Upper Cambrian: Shales in the "St. Croix sandstone " at Fox Glen, about 8 miles (12.8 km.) east of Baraboo,
Baraboo quadrangle (U. S. G. S.), Sauk County, Wis.

*Obolus pheres.

Lingulella winona.

*Acrotreta nox.

lOw. (For stratigraphic position and association, see p. 139.) Middle Cambrian: Shaly limestones about 5 miles

(8 km.) northeast of Osceola, on the east side of the Snake Range, WTiite Pine County, Nev. (C. D. Walcott
1903).

Micromitra sculptilis.

Obolus mcconnelli.

lOy (same horizon as lOz). (For stratigraphic position and association, see p. 155.) Middle Cambrian: About
2,900 feet (884 m.) above the Lower Cambrian and 1,500 feet (457.2 m.) below the Upper Cambrian, in the

central part of the limestone forming la of the Marjum limestone [Walcott, '1908f, p. 179], about 1 mile

(1.6 km.) south-southwest of Marjum Pass, House Range [Walcott, 1908f, PL XIII], Millard County, Utah
(C. D. Walcott and F. B. Weeks, 1903).

Micromitra sculptilis.

Obolus mcconnelli.

Lingulella arguta.

Acrothele subsidua.

Acrotreta attenuata.

Agnostus.

Ptychoparia.

Anomocare.

lOz (same horizon as lOy). (For stratigraphic position and association, see p. 155.) Middle Cambrian: About 2,900

feet (884 m.) above the Lower Cambrian and 1,500 feet (457.2 m.) below the Upper Cambrian, in the central

part of the limestone forming la of the Marjum limestone [Walcott, 1908f, p. 179], in the long cliff about

2 miles (3.2 km.) southeast of Marjum Pass [see Walcott, 1908f, Pis. XIII and XV], House Range, Millard

County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1903 and 1905).

*Dicellomus prolificus.

*Acrotreta bellatula.

Agnostus 2 sp.
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Ptychoparia 2 sp.

Agraulos.

Anomocare.
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11. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandstones and shales of the

Rome formation, about 1 mile (1.6 km.) east of Post Oak Springs [see Hayes, 1894, areal geology sheet],

Roane County, Tenn. (C. D. Walcott, 1891).

Lingulella ino.

*Lingulella tarpa.

11a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandstone between First and

Armstrong creeks, in the southeast corner of the Maynardville quadrangle (U. S. G. S.), Union County,

Tenn. (C. D. Walcott, 1891).

Obolus since.

Lingulella tarpa.

Dicellomus appalachia.

lie. Upper Cambrian: Hardyston quartzite [Weller, 1900, pp. 110 and 112], O'Donnell and McManniman's quarry,

Newton, Sussex County, N. J. (H. E. Dickhaut, 1901).

*Lingulella welleri.

Weller [1900, p. 12] cites the following from this locality:

Ptychoparia newtonensis Weller.

Ptychoparia 2 sp. undt.

Anomocare parvula Weller.

Dikellocephalus newtonensis Weller.

Foraminifera?.

Lingulella stoneana=Obolus (Westonia) stoneanus.

*Orthis newtonensis=Eoorthis newtonensis.

Microdiscus? sp.

Olenellus? sp.

lid. (For stratigraphic position and association, see p. 137). Upper Cambrian: Arenaceous limestone about 2

miles (3.2 km.) north of Montana, in sec. 22, T. 35 N., R. 1 E., Iron County, Mo. (D. K. Greger).

Obolus matinalis ?.

Billingsella coloradoensis,

Eoorthis remnicha texana?.

lie. (For stratigraphic pasition and association, see p. 137.) Middle Cambrian: In thin-bedded limestones south-

southwest of Potosi, Washington County, Mo. (D. K. Greger).

Obolus matinalis ?.

Lingulella similis.

Lingulella sp.

Linnarssonella girtyi.

Acrotreta microscopica missouriensis.

Billingsella coloradoensis.

llj. (For stratigraphic position and association, see p. 137.) Middle Cambrian: Basal part of Bonneterre lime-

stone, Mine Lamotte, Madison County, Mo. (E. O. Ulrich, 1904).

*Obolus lamborni. I
Lingulella acutangula.

Obolus since.
I

Dicellomus nanus.

Ilk. (For stratigraphic position and association, see p. 137.) Middle Cambrian: In sandstones and limestones of

the " Edgewise beds, " St. Francois County, Mo. (F. Naaon, 1901).

Lingulella acutangula.

Linnarssonella girtyi.

*Acrotreta microscopica missouriensis.

111. (For stratigraphic position and association, see p. 137.) Upper Cambrian: Arenaceous limestone of the

Elvins formation, 50 feet (15.2 m.) above the " EdgewisQ beds, " St. Francois County, Mo. (F. Nason, 1901).

Lingulella acutangula ?.

Billingsella coloradoensis.

Eoorthis remnicha texana ?.

11m. (For stratigraphic position and association, see p. 137.) Middle Cambrian: Drill cores of limestone in the

Bonneterre limestone, at horizons 10 and 20 feet (3 and 6 m.) above the Lamotte sandstone, at Flat River,

St. Francois County, Mo. (F. Nason, 1901).

Micromitra sp.

Micromitra (Paterina) cf. stissingensis,

Obolus lamborni.

Lingulella cf . ora.

Dicellomus nanus.

Dicellomus politus.

lln. (For stratigraphic position and association, see p. 155.) Middle Cambrian: About 3,000 feet (914.4 m.) above

the Lower Cambrian and 1,400 feet (426.7 m.) below the Upper Cambrian, in the upper part of the lime-

stone forming la of the Marjum limestone [Walcott, 1908f, p. 179], in the long cliff 2 miles (3.2 km.) south-

east of Marjum Pass [see Walcott, 1908f, Pis. XIII and XV], House Range, Millard County, Utah (C. D.

Walcott, F. B. Weeks, and L. D. Burling, 1903 and 1905).

Obolus mcconnelli pelias.

*Obolus (Fordinia) gilberti.

Acrotreta bellatula.

*Acrotreta marjumensis.

*Acrotreta cf . sagittalis.

Agnostus 4 sp.
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(For stratigraphic position and association, see p. 155.) Middle Cambrian: About 2,750 feet (838.2 m.)

above the Lower Cambrian and 1,650 feet (502.9 m.) below the Upper Cambrian, in limestone at the base,

la, of the Marjum limestone [Walcott, 1908f, p. 179], about 4 miles (6.4 km.) southeast of Antelope

Springs, in the spur at the junction of the Deseret and Swasey Spring roads [Walcott, 1908f, PI. XIII],

House Range, Millard County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1903 and 1905).

Micromitra (Iphidella) pannula ophirensis.

Obolus mcconnelli pelias.

Obolus rotuudatus.

Acrotreta idahoensis.

Annelid trails.

Stenotheca sp.

Hyolithes.

Bathyuriscus?.

Ptychoparia 2 sp.

Anomocare.

lip. (For stratigraphic position and association, see p. 156.) Middle Cambrian: About 2,000 feet (609.6 m.) above

the Lower Cambrian and 2,400 feet (731.5 m.) below the Upper Cambrian, in the limestones forming le

of the Marjum limestone [Walcott, 1908f, p. 181], in the long cliff about 2.5 miles (4 km.) southeast of Mar-

jum Pass [Walcott, 1908f, Pis. XIII and XV], House Range, Millard County, Utah (C. D. Walcott, F. B.

Weeks, and L. D. Burling, 1905).

Linnarssonella sp.

Sponge spiculae.

Agnostus, several sp.

llq (=lly and 30g; same horizon as 3w). (For stratigraphic position and association, see p. 156.) (C. D. Walcott,

F. B. Weeks, and L. D. Burling, 1903 and 1905.)

Ptychoparia 2 sp.

Neolenus inflatus Walcott.

Neolenus intermedins Walcott.

Neolenus intermedius pugio Walcott.

Neolenus superbus Walcott.

Ogygopsis?.

*Obolus mcconnelli pelias.

Lingulella arguta.

Acrothele subsidua.

Nisusia (Jamesella) nautes?.

Nisusia (Jamesella) spencei.

Eoorthis thyone.

lis. (For stratigraphic position and association, see p. 157.) Middle Cambrian: Shales justabove Simpson Spring,

about 20 miles (32.2 km.) west-southwest of Vernon, on the stage road from Vernon to Fish Spring, Tooele

County, Utah (C. D. Walcott, 1903).

Obolus (Westonia) ella?.

Micromitra sculptilis.

llu. (For stratigraphic position and association, see p. 156.) Middle Cambrian: Lower portion of the shales

forming the Wheeler formation, in Rainbow Valley, House Range [see Walcott, 1908f, PI. XIII], Millard

County, Utah (C. D. Walcott, 1903).

Acrothele subsidua.

llw (=30c). (For stratigraphic position and association, see p. 157.) Middle Cambrian: About 1,050 feet (320 m.)

above the Lower Cambrian and 3,350 feet (1,021.1 m.) below the Upper Cambrian, in the shales forming

Id of the Swasey format'on [Walcott, 1908f, p. 182], at the head of Dome Canyon, House Range [Walcott,

1908f, PI. XIII], Millard County, Utah (C. D. Walcott and F. B. Weeks, 1903).

Lingulella arguta.

Ptychoparia.

llx (=3x). (For stratigraphic position and association, see p. 156.) (C. D. Walcott, 1903.)

Obolus rotundatus.

Lingulella arguta.

lly (=llq and 30g). (For stratigraphic position and association, see p. 156.) (C. D. Walcott, 1903.)

Lingulella arguta.

Acrothele subsidua.

Acrotreta cf . ophirensis.

llz. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sandstone on Big Ridge 2

miles (3.2 km.) south of Marion Bridge, on the canal of John McDougald, eastern Cape Breton, Nova Scotia

(S. W. Loper).

Obolus (Westonia) escasoni.

Lingulella (Lingulepis) exigua.

12. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandy shale on Webbs Ridge, in

gap west of Sim.p8on's farm, 6 miles (9.6 km.) northeast of Knoxville, Knox County, Tenn. (C. D. Walcott,

1891).

Linnarssonella tennesseensis.
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12j (50 feet below 12g; 40 feet above 12i). (For stratigraphic position and association, see p. 142.) Upper Cam-

brian: Lower part of Arbuckle limestone, second fossiliferous horizon in the section at Small Hill, 2 miles

(3.2 km.) southwest of Signal Mountain, about 8 miles (12.8 km.) west of Fort Sill, Comanche County, Okla.

(E. 0. Ulrich, 1901).

Eoorthis wichitaensis.

Agraulos sp.

Dikellocephalus sp.

Ptychaspis sp.

lUaenurus sp.

12k (15 feet below 12n in Springer section). (For stratigraphic position and association, see p. 142.) Upper Cam-
brian: Limestone of the Reagan sandstone, about 225 feet (69 m.) above the porphyry contact and 55 feet

(17 m.) below the Arbuckle limestone, on the west side of Honey Creek, near southeast comer sec. 35, T. 1 S.,

R. 1 E., 7 miles (11.2 km.) north of Springer, Ardmore quadrangle (U. S. G. S.), Carter County, Okla. (E. 0.

Ulrich, 1901).

Obolus tetonensis ninus.

Lingulella similis.

Acrotreta microscopica.

*Eoorthis indianola.

Eoorthis remnicha.

Eoorthis wichitaensis.

Eoorthis wichitaensis laeviusculus.

ChariocephaluB sp.

12m. (For stratigraphic position and association, see p. 142.) Upper Cambrian: Arbuckle limestone [in the

section 7 miles (11.2 km.) north of Springer this horizon is about 30 feet (9.1m.) above the Reagan sandstone],

NE. 1 sec. 2, T. 2 S., R. 1 E., Ardmore quadrangle (U. S. G. S.), Carter County, Okla. (E. O. Ulrich, 1901).

Obolus tetonensis ninus.

Lingulella similis.

Eoorthis remnicha texana.

Agraulos sp.

Ptychaspis sp.

12n (15 feet above 12k in Springer section). (For stratigraphic position and association, see p. 142.) Upper Cam-
brian: Limestone of the Reagan sandstone about 240 feet (73 m.) above the porphyry contact and 40 feet

(12 m.) below the Arbuckle limestone, NW. i sec. 1, T. 2 S., R. 1 E., 7 miles (11.2 km.) north of Springer,

Ardmore quadrangle (U. S. G. S.), Carter County, Okla. (E. O. Ulrich, 1901).

Obolus tetonensis ninus.

Lingulella similis.

Lingulella (Lingulepis) acuminata.

Acrotreta microscopica.

Eoorthis indianola.

Eoorthis remnicha.

Eoorthis remnicha texana.

Eoorthis wichitaensis.

Eoorthis wichitaensis Iseviusculus.

Syntrophia primordialis.

Ptychoparia sp.

Chariocephalus sp.

12p. (For stratigraphic position and association, see p. 142.) Upper Cambrian: About 225 feet (69 m.) above the

igneous rocks in the limestone of the Reagan sandstone, at the northwest extremity of the Arbuckle

Mountains, about 4 miles (6.4 km.) east of Homer, Carter County, Okla.

Eoorthis remnicha.

*Eoorthi8 wichitaensis.

*Eoorthis wichitaensis Iseviusculus.

Agraulos sp.

Ptychoparia sp.

Chariocephalus sp.

Illsenurus sp.

Obolus tetonensis ninus.

Lingulella similis.

Lingulella (Lingulepis) acuminata.

Acrotreta curvata.

Acrotreta microscopica.

*Acrotreta ulrichi.

Linnarssonella girtyi.

Eoorthis indianola.

12q. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Knox dolomite on Bunker Hill,

6 miles (9.6 km.) northeast of Rogersville [see Keith, 1905, areal geology sheet], Hawkins County, Tenn.

(M. R. Campbell, 1892).

*Syntrophia campbelli.

12v. Lower Cambrian: Sandstone above the quartzite 1 mile (1.6 km.) west of Fruitville, on Little Conestoga

Creek, Manheim Township, Lancaster County, Pa. (C. D. Walcott, 1909).

Obolella crassa?

13. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandstones of the Rome formation

1.5 miles (2.4 km.) east of Post Oak Springs [see Hayes, 1894, areal geology sheet], Roane County, Tenn.

(C. D. Walcott, 1891).

Lingulella ino.

•'Linnarssonella tennesseensis.

13b. (For stratigraphic position and association, seep. 147.) Middle Cambrian: Sandstones of the Rome formation

northeast of Rhea Springs [see Hayes, 1894, areal geology sheet], Roane County, Tenn. (C. D. Walcott, 1891).

Micromitra (Paterina) crenistria.

'Lingulella ino.
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13c. (For stratigraphic position and association, see p. 147.) Middle Cambrian : Sandstones of the Rome formation,

west side of the sandstone ridge about 2.5 miles (4 km.) southwest of Rome [see Hayes, 1902, historical

geology sheet], Floyd County, Ga. (C. D. Walcott, 1891).

Lingulella ino.

13d (=13d'). (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandstones opposite the

third waterfall in Dugald Brook, between Divisions E2a and E2b of Matthew's [1903, p. 21] Btcheminian,

Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella (Lingulepis) longinervis.

Acrothele avia.

Bradoria robusta (Matthew).

13d' (=13d). (For stratigraphic position and association, see p. 134.) (S. W. Loper, 1903.)

Obolus (Palseobolus) bretonensis.

Lingulella atava.

Lingulella collicia.

Acrothele avia.

Acrothyra sera.

Acrothyra signata.

13d" (see 13p, 13g, 13f, and 13p'). (For stratigraphic position and association, see p. 134.) Middle Cambrian:

Sandstones 10 feet (3 m.) below Division E2a of Matthew's [1903, p. 21] Etcheminian, Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella (Lingulepis) longinervis. I Acrothele prima.

Acrothele avia. '

|
Acrothyra signata orta.

Bassler cites the following from this locality:

Bradoria benepuncta (Matthew). I Bradoria robusta (Matthew).

Bradoria perspicator (Matthew) (ss).
|
Bradoria rugulosa Matthew (emend.).

13e (see 3441). (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandstones o" Divi-

sion E2c of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern Cape Breton, Nova
Scotia (S. W. Loper, 1903).

Obolus (Palseobolus) bretonensis lens.

Acrothyra proavia.

Acrothyra sera.

Matthew [1903, p. 25] gives the following fauna occurring in 2c:

AcrothjTa signata orta.

Bradorona observator Isevis Matthew.

13f (see 13p, 13g, 13d", and 13p'). (For stratigraphic position and association, see p. 134.) Middle Cambrian:

Sandstones 20 feet (6 m.) above Division E2a of Matthew's [1903, p. 21] Etcheminian, Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella (Lingulepis) longinervis.

Acrothyra sera.

13g (see 13p, 13f, 13d", and ISp'). (For stratigraphic position and association, see p. 134.) Middle Cambrian:

Sandstones 10 feet (3 m.) above Division E2a of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian

River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903').

Lingulella (Lingulepis) longinervis.

Bassler cites the following species from this locality:

Hymenocaris? matthewi n. sp.

131i. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale on east bank of Barachois

River, 1.5 miles (2.4 km.) north of Boisdale, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Obolus (Broggeria) salteri. I Schizambon priscus.

Lingulella concinna. J Acrotreta bisecta.

13i (little different horizon than 13r). (For stratigraphic position and association, see p. 132.) Middle Cambrian:

Sandstone of the " Johannian" Division of Matthew's section, on Gillis Brook, East Bay, east of Bras d'Or

Lake, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella tumida.

13k (see 344f). (For stratigraphic position and association, see p. 135.) Middle Cambrian: Shales of Matthew's

[1903, p. 15] Coldbrook, above the great falls in Dugald Brook, Indian River, eastern Cape Breton, Nova

Scotia (S. W. Loper, 1903).

Acrothyra sera.

*Acrothyra signata prima.

Micromitra (Iphidella) pannula?.

*Obolus? torrentis.

Lingulella (Lingulepis?) pumila?.

131 (==131'). (For stratigraphic position and association, see p. 133.) (S. W. Loper, 1903.)

Obolus (Palseobolus) bretonensis lens. I Acrothele avia.

Lingulella (Lingulepi§) longinervis.
I

Acrothyra proavia.
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Acrothele abavia.

Acrothyra proavia (p. 57).

*Acrothyra proavia prima.

131' (=131; see 344i). (For stratigraphic position and association, see p. 133.) Middle Cambrian: In the shaly

sandstones of Division E3a of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern

Cape Breton, Nova Scotia (S. W. Loper, 1903).

Obolus (Palteobolus) bretonensis. I Acrothele avia.

Lingulella atava.
|

Acrothele proles.

Matthew [1903] cites the following from this locality:

Obolus lens (pp. 58, 80).

Obolus (Palasobolus) bretoneusis (p. 26).

Lingula sp.

Leptobolus sp.

Bassler cites the following from this locality:

Bradoria acuta (Matthew).

Bradoria curta Bassler.

13m. (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sandstones of Division E3f of

Matthew's [1903, p. 76] Etcheminian, on Gillis Brook, Indian River, eastern Cape Breton, Nova Scotia

(S. W. Loper, 1903).

Obolus (Palseobolus) bretonensis lens. I Acrothele avia.

Lingulella coUicia.
I

*Acrothele proles.

Matthew [1903] cites the following:

Leptobolus collicia=Lingulella collicia.

Leptobolus collicia collis= Lingulella collicia.

Acrothele avia puteis.

Acrothele proles.

Bassler cites the following from locality No. 13m":

Bradoria acuta (Matthew).

Bradoria vigilans Matthew.

Beyrichona rutellum (Matthew).

13n (see 344d). (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sandstones of Divi-

sion E3f of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape Breton,

Nova Scotia (S. W. Loper, 1903).

Lingulella atava.

Acrothele avia.

Acrothele proles.

Matthew [1903, p. 37] cites the following:

'Leptobolus atavus=Lingulella atava.

Leptobolus collicia=Lingulella collicia.

Leptobolus collicia collis=Lingulella collicia.

Acrothele proles.

Acrothyra crassa?=Acrothyra proavia.

Bassler cites the following:

Bradoria scrutator (Matthew).

Indiana lippa (Matthew).

Walcottella fusiformis (Matthew).

Acrothyra proavia crassa=Acrothyra proavia.

Acrothyra proavia prima=Acrothyra proavia.

Leperditia?? rugosa.

Bradoria scrutator.

Acrothyra proavia prima?=Acrothyra

Bradorona perspicator major.

Bradorona scrutator.

Solenopleura (?) bretonensis (part).

13n'. (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sandstones of Division E3e of

Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia

(S. W. Loper, 1903).

*Obolus (Palseobolus) bretonensis lens.

*Lingulella atava.

*Lingulella collicia.

Matthew [1903, p. 27] cites the following:

Obolus lens.

Obolus lens longus.

Lingulella tumida.

Lingulella sp.

Lep'tobolus atavus.

Ijeptobolus collicia.

Acrothele abavia.

Acrothele avia.

Acrothyra proavia.

*Lingulella tumida.

*Acrothele avia.

Acrothyra proavia.

Acrothyra proavia crassa.

Indiana ovalis.

Bradorona observator ligata.

Bradorona scrutator.

Bradoria rugulosa.

Bradoria vigilans.

Schmidtella? acuta.

Schmidtella? pervetus.
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Bassler cites the following:

Bradoria vigilans Matthevv

Bradoria ovalis Matthew.

Bradoria acuta (Matthew).

Bradoria robusta (Matthew)

.

Bradoria vigilans Matthew.

Indiana lippa (Matthew).

Bradoria robusta (Matthew).

Bradoria rugulosa Matthew.

Bradoria scrutator (Matthew).

13n" (see 344b). (For stratigraphic position and association, see p. 133.) Middle. Cambrian; Sandstones of

Division E3d of Matthew's [1908, p. 21] Etcheminian, Dugald Brook, Indian River, Cape Breton, Nova
Scotia (S. W. Loper, 1903).

Obolus (Palseobolus) bretonensis.

Lingulella atava.

Acrothyra proavia.

Matthew [1903, p. 26] cites the following:

Obolus bretonensis. I Acrothele avia.

Leptobolus atavus.
| Bradorona spectator aequat.

Bassler cites the following:

Bradoria acuta (Matthew).

Bradoria elongata n. sp.

Bradoria obesa (Matthew).

13p (see 13g, ISf, 13d", and 13p'). (For stratigraphic position and association, see p. 134.) Middle Cambrian:
Sandstones 40 feet (12.2 m.) above Division E2a of Matthew's [1903, p. 21] Etcheminian, Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella (Lingulepis) longinervis.

Acrothyra sera?.

13p' (see 13p, 13g, 13f, and 13d".) (For stratigraphic position and association, see p. 134.) Middle Cambrian:
Sandstone 45 feet (13.6 m.) above Division E2a of Matthew's [1903, p. 21] Etcheminian, Dugald Bronjc.

Indian River, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella (Lingulepis) longinervis.

Acrothyra sera?.

13q. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales of the "Bretonian"
division of Matthew's [1903, p. 45] section on Gillis Brook, East Bay, Cape Breton, Nova Scotia (S. W.
Loper, 1903)^

Orusia lenticularis.

Bradoria robusta (Matthew).

13r (little different horizon from 13i). (For stratigraphic position and association, see p. 132.) Middle Cambrian:
Sandstone of the " Johannian " division of Matthew's section on Gillis Brook, East Bay, east of Bras d'Or
Lake, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella tumida.

Lingulella (Lingulepis) exigua.

i3t. (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandstones at the base of Divi-

sion Elb of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern Cape Breton, Nova
Scotia (S. W. Loper, 1903).

*Lingulella triparilis. I Acrothele prima.

Lingulella tumida.
|
Acrothyra signata.

Bassler cites the following:

Bradoria rugulosa Matthew (emend.).

Bradoria robusta (Matthew).

Bradoria robusta n. var.

13t' (same locality as lOp; see 344k). (For stratigraphic position and association, see p. 134.) Middle Cambrian:
Sandstones of Division Elb of Matthew's [1903, p. 21] Etcheminian, Dugald Brook,- Indian River, eastern

Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella triparilis.

13t" (see 344m). (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandstones of Divi-

sions Elc and Eld of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape
Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella triparilis.

Lingulella (Lingulepis) gregwa.

Acrothyra sera.

Acrothyra signata.

Bradoria robusta (Matthew).

Bradoria concinna (Matthew).
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Matthew [1903] cites the following as occurring in Id:

Lingulepis gregwa.

Lingulepis gregwa robusta.

Acrotreta papillata=Acrothyra sera.

Acrotreta signata tarda=Acrothyra sera.

Orthotheca sp.

Bradorona observator Matthew.

Bradorona observator benepuncta Matthew.

Bradorona perspicator Matthew.

Bradorona spectator Matthew.

Bradorona spectator acuta Matthew.

14. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestones overlying the sand-

stones of the Rome formation, near the wagon road and in a quarry near the railroad track, 7 miles (11.2 km.)
southwest of Rome [see Hayes, 1902, historical geology sheet], Floyd County, Ga. (C. D. Walcott, 1891).

Micromitra (Iphidella) pannula.

Billingsella appalachia?

Dorypyge?.

14a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandstone of the Rome forma-

tion, along First Creek Gap, 4 miles (6.4 km.) north-northeast of Knoxville [Keith, 1905, areal geology

sheet], Knox County, Tenn. (M. R. Campbell, 1891).

Micromitra alabamaensis.

Obolus willisi.

Obolus (Westonia) ella.

Lingulella similis.

*Wimanella saffordi.

14b. Upper Cambrian: Limestone on Cold Creek, at north end of gorge opposite the north end of Sponge Moun-
tain, 2 miles (3.2 km.) south of the San Saba County line, in Llano County, Tex. (J. A. Taff, E. 0. Ulrich,

and J. W. Beede).

Obolus matinalis.

*Obolus nundina.

Obolus sinoe.

Lingulella acutangula.

Lingulella upis.

Lingulella (Lingulepis) acuminata.

Acrotreta microscopica.

Billingsella coloradoensis.

Eoorthis indianola?.

Eoorthis remnicha texana.

Eoorthis wichitaensis.

Eoorthis wichitaensis Iseviusculus.

14c. Upper Cambrian: Upper part of the limestone exposed at Baldwin's ranch, on Cold Creek, 2.5 miles

(4 km.) south of the San Saba County line, in Llano County, Tex. (E. 0. Ulrich).

Obolus matinalis.

14e (see 14q). Upper Cambrian: Limestone in Bartlett Hollow, 2 miles (3.2 km.) southeast of the mouth of

Falls Creek, Burnet quadrangle (U. S. G. S.), Lampasas County, Tex. (Bailey Willis, E. 0. Ulrich, and

J. A. Taff).

Obolus matinalis.

Obolus sinoe.

Acrotreta microscopica.

14g(=14i). (E. 0. Ulrich, J. A. Taff, and J. W. Beede.)

Lingulella upis.

Acrotreta microscopica.

Billingsella coloradoensis.

14i (=14g). Upper Cambrian: Upper part of limestone exposed 1 mile (1.6 km.) west of Cherokee, San Saba

County, Tex. (E. O. Uhich, J. A. Taff, and J. W. Beede).

Lingulella acutangula.

*Lingulella upis.

Linnarssonella girtyi.

14k. Upper Cambrian: Limestone on Wolf Creek, 15 miles (24.2 km.) west-southwest of Sheridan, Bighorn

Mountains, Sheridan County, Wyo.
Eoorthis desmopleura. .

*Syntrophia rotundata.

141. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Sandstones about 2,800 feet

(853 m.) below the Middle Cambrian, in a horizon correlated with No. 2j of the Silver Peak group of the

Waucoba Springs section [Walcott, 1908f, p. 187], in the pass about 7 miles (11.2 km.) east of Resting (Fresh-

water) Springs, which is in the southwest corner of T. 21 N., R. 8 E., on Amargosa River, in the south-

eastern part of Inyo County, Cal. (R. B. Rowe, 1901).

*Billingsella bivia.

Olenellus fremonti Walcott
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14m. (For stratigraphic position and association, see p. 140.) Middle Cambrian; Limestone about 7 miles (11.2

km.) south of Towner's ranch, Indian Creek, Lincoln County, Nev. (B. B. Rowe, 1901).

Lingulella arguta.

14n. Middle Cambi'ian: Limestone about 310 feet (94.5 m.) above the Lower Cambrian, on the east side of the

pass about 7 miles (11.2 km.) east of Resting (Freshwater) Springs, which is the southwest corner of

T. 21 N., R. 8 E., on Amargosa River, in the southeastern part of Inyo County, Cal. (R. B. Rowe, 1901).

Obolus mcconnelli.

Obolus mcconnelli decipiens.

14o. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Sandstones about 3,500 feet (1,067

m.) below the Middle Cambrian, in the pass about 7 miles (11.2 km.) east of Resting (Freshwater) Springs,

which is the southwest corner of T. 21 N., R. 8 E., on Amargosa River, in the southeastern part of Inyo
County, Cal. (R. B. Rowe, 1901).

Obolella sp. undt.

14p. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Reddish-brown quartzitic sand-

stone near Resting (Freshwater) Springs, which is in the southwest corner of T. 21 N., R. 8 E., on
Amargosa River, in the southeastern part of Inyo County, Cal. (M. R. Campbell and R. B. Rowe, 1901).

*Lingulella (Lingulepis) rowei.

Obolella vermilionensis.

Billingsella bivia.

Wanneria gracile Walcott.

Olenellus fremonti Walcott.

Cystid plate.

14c[ (see 14e). Upper Cambrian: Sandstone in Bartlett Hollow, 1.5 miles (2.4 km.) southeast of the mouth of Falls

Creek, Binnet quadrangle (U. S. G. S.), Lampasas County, Tex. (E. O. Ulrich).

Obolus matinalis.

14r. Upper Cambrian: Sandstone in the lower part of the beds exposed on Colorado River, 3 miles (4.8 km.)
south of the northeast corner of Llano County, Tex. (E. O. Ulrich).

Obolus matinalis.

Lingulella (Lingulepis) acuminata.

14s. (For stratigraphic position and association, see p. 127.) Middle Cambrian: About 2,300 feet (701 m.) above
the Lower Cambrian and 2,700 feet (823 m.) below the Upper Cambrian, in the Ogygopsis zone of the

Stephen formation [Walcott, 1908f, p. 210], at the great "fossil bed" on the northwest slope of Mount
Stephen, above Field on the Canadian Pacific Railway, British Columbia, Canada (W. D. Wilcox, 1894;

:ir. and Mrs. C. D. Walcott and Mr. and Mrs. L. D. Burling, 1907).

MicroiELura (Iphidella) pannula.

Micromitra (Iphidella) pannula ophirensis.

*Obolus mcconnelli.

*Obolus septalis.

Acrothele coUeni.

*Acrotreta depressa.

*PhiIhedra columbiana.

*Nisusia alberta.

Hyolithellus annulatus (Matthew).

Hyolithellus flagellum (Matthew).

Orthotheca corrugata Matthew.

Orthotheca major Walcott.

Hyolithes carinatus Matthew.

Hyolithes sp.

Stenotheca wheeleri Walcott.

Platyceras bellianus Walcott.

Platyceras romingeri Walcott.

Scenella varians Walcott.

Anomalocaris?? acutangula Walcott.

14t.

Anomalocaris canadensis Whiteavea.

Anomalocaris? whiteavesi Walcott.

Agnostus montis Matthew.

Dorypyge (Kootenia) dawsoni (Walcott).

Bathyuriscus occidentalis (Matthew).

Bathyuriscus ornatus Walcott.

Bathyuriscus pupa Matthew.

Bathyuriscus rotundatus (Rominger).

Karlia stephenensis Walcott.

Neolenus granulatus Matthew=Neolenus serratus.

Neolenus serratus (Rominger).

Ogygopsis klotzi (Rominger).

Oryctocephalus reynoldsi Reed.

Oryctocephalus walkeri Matthew=Ory,ctocephalus rey-

noldsi.

Burlingia hectori Walcott.

Ptychoparia cordillerse (Rominger).

Ptychoparia palliseri Walcott.

Zacanthoides spinosus (Walcott).

(For stratigraphic position and association, see p. 157.) Middle Cambrian: Limestone lying on slope between
the Cambrian quartzite and the massive blue limestone 100 feet (30.5 m.) above. Mount Nebo Canyon,

3 miles (4.8 km.) southeast of Mona, Juab County, Utah (F. B. Weeks, 1903).

Micromitra (Iphidella) pannula.

Lingulella cf. similis.

*Acrotreta neboensis.



186 CAMBRIAN BRACHIOPODA.

14v. (For stratigraphic position and association, see p. 156.) Middle Cambrian: Shales of unknown stratigraphic

horizon collected 1 mile (1.6 km.) south of Rainbow Valley, House Range [see Walcott, lS08f, PI. XIII],

Millard County, Utah.

Obolus mcconnelli.

14x. Middle Cambrian: About 400 feet (122 m.) above the bottom of Tombstone Gulch, in the Abrigo limestone

[Ransome, 1904, p. 3], in the northwest suburb of Bisbee [see Ransome, 1904, areal geology sheet], Cochise

County, Ariz. (F. L. Ransome, 1903).

Obolus tetonensis.

Billingsella??.

15b. (For stratigraphic position and association, see p. 156.) Middle Cambrian: About 1,700 feet (518.2 m.) above

the Lower Cambrian -and 2,700 feet (823 m.) below the Upper Cambrian, in the shaly limestones and calcareous

shales of the Wheeler formation [Walcott, 1908f, p. 181], near Swasey Spring, House Range [Walcott, 1908f,

PL XIII], Millard County, Utah (G. K. Gilbert, 1903).

Acrothele subsidua.

15c. (For stratigraphic position and association, see p. 156.) Middle Cambrian: Marjum limestone [Walcott,

1908a, p. 10], near Swasey Spring, House Range [Walcott, 1908f, PL XIII], Millard County, Utah (G. K.
Gilbert, 1901),

Nisusia (Jamesella) nautes?.

Anomocare sp.

15d (same horizon as 33d). (For stratigraphic position and association, see p. 154.) Upper Cambrian: Thin-

bedded blue limestone near Cave Spring, on the east side of the Fish Spring Range, about 4 miles (6.4 km.)

south of the J. J. Thomas ranch, Juab County, Utah (G. K. Gilbert, 1901).

Lingulella desiderata.

*Lingulella isse.

Lingulella manticula.

Acrotreta idahoensis.

Acrotreta idahoensis alta.

15p. (For stratigraphic position and association, see p. 155.) Middle Cambrian: Limestones near the north end
of the Fish Spring Range, Tooele County, Utah (G. K. Gilbert, 1901).

Obolus mcconnelli pelias.

Lingulella desiderata.

15r. Middle Cambrian: Dark argillaceous shale at Khussak, Salt Range, India (F. Noetling, 1902).

*Lingulella fuchsi.
|

*Botsfordia granulata.

*Lingulella wanniecki.
|
Redlichia noetlingi Cossman.

15x. (For stratigraphic position and association, see p. 155.) Middle Cambrian: Limestones near the middle of

the Fish Spring Range, near the line between Juab and Tooele counties, Utah (G. K. Gilbert, 1901).

Obolus mcconnelli pelias.

Lingulella desiderata.

16. (For stratigraphic position and association, seep. 147.) Middle Cambrian: Limestones in Conasauga(" Coosa")
limestone, Blountsville Valley, Blount County, Ala.

Lingulella desiderata.

*Lingulella nanno.

Dicellomus appalachia.

16f (see 47d-f). Lower Cambrian: Sandstone at the mouth of Little Antietam Creek, near Eakles Mills, Wash-
ington County, Md. (John Widgeon, 1903).

Obolella minor.

Syntrophia sp. undt.

16h (see 334h). (For stratigraphic position and association, see p. 145.) Middle Cambrian: Limestones of Para-

doxides forchhammeri zone at Borregaard, Bornholm Island, Denmark (K. A. Gronwall, 1903).

*Micromitra pusilla.

Micromitra (Iphidella) ornatella.

Obolus schmalenseei.

Lingulella ferruginea.

Acrothele coriacea.

Acrothele intermedia.

Acrotreta sagittalis.

Acrotreta schmalenseei.

Anomocare Iseve Angelin.

16i. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Limestones of " Conocoryphe

exsulans" zone at Borregaard, Bornholm Island, Denmark (K. A. Gronwall, 1903).

Obolus schmalenseei. I Acrotreta sagittalis.

Lingulella?.
|
Liocephalus impressa Linnarsson.
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16j. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Umestojies oi Paradoxides forch-

hammeri zone at Laesa^, Bornholm Island, Denmark (K. A. Gronwall, 1903).

Micromitra pusilla.

Lingulella ferruginea.

Acrothele coriacea.

Acrotreta sagittalis.

Acrotreta schmalenseei.

16k. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Limestones of Paradoxides

davidis zone at LaesaS,, Bornholm Island, Denmarlc (K. A. Gronwall, 1903).

Acrothele coriacea.

Acrotreta sagittalis.

161. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Limestones of Paradoxides

davidis zone at Borregaard, Bornholm Island, Denmark (K. A. Gronwall, 1903).

Acrothele coriacea.

Acrotreta sagittalis.

16n. Upper Cambrian: Interformational conglomerate and shales in Adams pasture, 0.5 mile (0.8 km.) west

of Main Street, on Lake Street, St. Albans, Franklin County, Vt. (Geo. H. Edson; H. E. Dickhaut, 1903).

Lingulella?.

Lingulella (Lingulepis) acuminata.

Yorkia sp.

16o. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales on McMullins Brook, in

the East Boisdale district, eastern Cape Breton, Nova Scotia (S. W. Loper, 1903).

Lingulella concinna.

17b. (For stratigraphic position and association, see p. 147.) Lower Cambrian: Rome ("Montevallo")
formation 4 miles (6.4 km.) south of Helena, Shelby County, Ala. (C. D. Walcott, 1895).

Micromitra (Paterina) major.
j

Obolus smithi.

Micromitra (Paterina) williardi.
I

*Wimanella shelbyensis.

17c. Middle Cambrian: Sandy limestone 235 feet (71,6 m.) above the "Tonto" sandstone. Grand View trail

north of Last Chance copper mine, south side of the Grand Canyon of the Colorado, Arizona.

*Obolus (Westonia) themis.

Lingulella acutangula.

Lingulella lineolata.

17j. Middle Cambrian: Limestone in the east end of the town of Galena, Black Hills, South Dakota.

Lingulella similis.

17k. Middle Cambrian: Limestone thrown out on the dump of the Great Northern shaft, southeast of Twobit,

northern Black Hills, I^awrence County, South Dakota.

Linnarssonella girtyi.

18. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone 1 mile (1.6 km.) east

of Gap Creek, 13 miles (20.8 km.) S. 75° E. of Knoxville, Knox County, Tenn. (A. Keith and C. D. Walcott).

Acrotreta kutorgai?.

20 (see 21a). Lower Cambrian: Limestone on the south side of Mettawee River, 0.25 mile (0.4 km.) above the

North Granville bridge. Fort Ann quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott,

1890).

Obolella crassa.

Medusa? sp.

20a. Lower Cambrian: Gray limestone interbedded with shaly slates in a lane west of Lafayette Stevens's house,

about 100 yards (91.4 m.) from the main road in the southern part of "^ATiitehall township, Fort Ann quad-

rangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1890).

Lingulella granvillensis.

Acrotreta sagittalis taconica.

Hyolithellus micans (Billings).

Microdiscus connexus Walcott.

Olenellus?.

Olenoides fordi Walcott.

Ptychoparia sp.

21. Lower Cambrian: Shales 1.5 miles (2.4 km.) south of Salem, Cambridge quadrangle (U. S. G. S.), Washington

County, N. Y. (C. D. Walcott, 1890).

Billingsella salemensis.

Archaeocyathus dwighti Walcott.

Stenotheca rugosa (Hall).

Fordilla troyensis Barrande.

Microdiscus lobatus (Hall).

Olenellus.

Solenopleura? tumida Walcott.

Leperditia? dermatoides (Walcott).
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21a. Lower Cambrian: Limestone below the first fall of Mettawee River, above the North Granville bridge.

Fort Ann quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1890).

Lingulella granvillensis. I Olenellus?.

MicrodiscuB connexus Walcott.
|
Ptychoparia sp.

Lower Cambrian: Limestone 1.5 miles (2.4 km.) north of North Granville, Port Ann quadrangle (U. S. G. S.),

Washington County, N. Y. (C. D. Walcott, 1891).

Acrothele nitida.

Acrotreta sagittalis taconica.

Hyolithellus micans (Billings)

Microdiscua lobatus (Hall).

Olenellus.

82a. Lower Cambrian: Limestone in Penrhyn quarries. Middle Granville, Mettawee quadrangle (U. S. G. S.),

Washington County, N. Y. (C. D. Walcott, 1890).

Lingulella sp.

Acrotreta sagittalis taconica.

Billingsella salemensis.

25. Lower Cambrian: Sandstone just above Parker's quarry, near Georgia, Franklin County, Vt. (C. D. Walcott.

and Cooper Curtice, 1883).

*Rustella edsoni.

Micromitra (Paterina) bella.

Nisusia festinata.

*Nisusia festinata transversa.

Medusa? sp.

Eocystites? sp.

*Mesonacis vermontana (Hall).

*P8edeumias transitans Walcott.

*01enellus thompsoni (Hall).

Olenellus thompsoni crassimarginatus Walcott.

Microdiscus parkeri Walcott.

Ptychoparia adamsi (Billings).

Ptychoparia vulcanus (Billings).

Protypus senectus (Billings).

Bathynotus holopyga (Hall).

Olenoides marcoui (Whitfield).

Lower Cambrian: Lime.stone on the Hall (Donaldson's) farm, 2 miles (3.2 km.) east of Swanton, Franklin

County, Vt. (C. D. Walcott and Cooper Curtice, 1883).

*Micromitra (Paterina) labradorica swantonensis.

Obolus cf . prindlei.

Lingulella granvillensis.

Kutorgina cingulata.

Nisusia festinata.

Nisusia festinata transversa.

Billingsella orientalis.

Hyolithes sp.

Salterella pulchella Billings.

Olenellus thompsoni (Hall).

Ptychoparia adamei (Billings).

Protypus senectus (Billings).

26. Lower Cambrian: Sandstone northeast of the Corman farm buildings, east of Highgate Springs, Franklia

County, Vt. (C. D. Walcott and Cooper Curtice, 1883).

Micromitra (Paterina) labradorica swantonensis.

Nisusia festinata.

Billingsella orientalis.

Scenella varians Walcott.

Hyolithes sp.

Olenoides desiderata (Walcott).

Ptychoparia adamsi (Billings).

Ptychoparia teucer (Billings).

Ptychoparia vulcanus (Billings).

Ptychoparia sp.

27. Lower Cambrian: Even-bedded and conglomerate limestones on the ridge in the eastern suburb of Troy^

Troy quadrangle (U. S. G. S.), Rensselaer County, N. Y. (Cooper Curtice, 1883).

Obolella crassa.

Bicia gemma.
Botsfordia cselata.

*Acrothele nitida.

Archseocyathua rarus.(Ford).

Archseocyathus rensselsericum (Ford).

Scenella retusa Ford.

Stenotheca rugosa (Hall).

Platyceras primsevum Billings.

Hyolithellus micans Billings.

Hyolithes americanus Billings.

Hyolithes communis Billings.

Hyolithes communis emmonsi Ford.

Hyolithes impar Ford.

Hyolithes sp.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

Elliptocephala asaphoides Emmons.
Olenoides fordi Walcott.

Solenopleura nana Ford.

27a. Lower Cambrian: Reddish sandstone about 1 mile (1.6 km.) east of Lansingbiu:g, north of Troy, Cohoea

quadrangle (U. S. G. S.), Rensselaer County, N. Y. (Cooper Curtice, 1883).

Obolella crassa.
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28. Upper Cambrian: Shales about 100 feet (30.5 m.) above the Olenellus horizon, south of Highgate Falls, 0.25

mile (0.4 km.) east of Swanton, Franklin County, Vt. (C. D. Walcott, 188*).

*Protorthis wingi.

Hyolithes sp.

Ptychoparia adamsi (Billings.)

28a. Middle? Cambrian: "St. Albans formation," in limestone lentile about 1 mile (1.6 km.) east of Parker's

quarry, near Georgia, Franklin County, Vt. (C. D. Walcott, 1884).

Lingulella franklinensis.

"*Huenella billingsi.

Ptychoparia adamsi (Billings).

29 (see 338b). Lower Cambrian: Limestone just above the bridge at the Stockport paper mill, on Kinderhook

Creek, Columbia County, N. Y. (C. D. .Walcott and S. W. Ford).

Obolus prindlei.

Lingulella granvillensis.

A.crotreta sagittalis taconica.

29a (see 338). Lower Cambrian: Limestone 1 mile (1.6 km.) below the New York Central Railroad depot at

Schodack Landing, Rensselaer County, N. Y. (C. D. Walcott and S. W. Ford).

Obolella crassa.

Botsfordia cselata.

Bicia gemma.
Acrotreta sagittalis taconica.

Byolithellus micans (Billings).

Hyolithes americanus Billings.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

EUiptocephala asaphoides Emmons.

(For stratigraphic position and association, see p. 158.) Lower Cambrian: Limestone 8 miles (12.8 km.) north

of Bennetts Spring, on the west slope of the Highland Range, Lincoln County, Nev. (CD. Walcott and

J. E. W., 1885).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

Billingsella highlandensis.

Callavia nevadensis Walcott.

Olenellus fremonti Walcott.

Olenellus gilberti (Meek).

Peachella iddingsi Walcott.

Sponge?.

Crepicephalus augusta Walcott.

Crepicephalus liliana Walcott.

30a. (For stratigraphic position and association, see p. 158.) Middle Cambrian: Shale on north side of Big Cotton-

wood Canyon, 1 mile (1.6 km.) below Argenta, in the Wasatch Mountains, southeast of Salt Lake City,

Salt Lake County, Utah (C. D. Walcott and J. E. W., 1885).

Isoxys argentea (Walcott).

Ptychoparia quadrans (Hall and ^^^litfield).

Bathyuriscus productus (Hall and Whitfield).

Olenoides wasatchensis (Hall and "VMiitfield).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

Lingulella helena.

Hyolithellus sp.

Hyolithes billingsi Walcott.

Walcott [1886] wrongly includes Cruziana and Olenellus gilberti in this fauna (see Walcott, 1891b, p. 319).

30c (=llw). (For stratigraphic position and association, see p. 157.) (C. D. Walcott, F. B. Weeks, and L. D.

Burling, 1905.)

Micromitra (Paterina) labradorica utahensis.

Ptychoparia 2 sp.

30d. (For stratigraphic position and association, see p. 157.) Middle Cambrian: About 1,020 feet (310.9 m. ) above

the Lower Cambrian and 3,400 feet (1,036.3 m.) below the Upper Cambrian, in the limestone forming le of

the Swasey formation [Walcott, 19081, p. 182], at the head of Dome Canyon, about 2 miles (3.2 km.) west-

southwest of Antelope Springs, House Range [Walcott, 1908f, PI. XIII], Millard County, Utah (F. B.

Weeks, 1905).

Obolus (Westonia) ella. •

Ptychoparia, several species.

30e. (For stratigraphic position and association, seep. 158.) Middle Cambrian: About 100 feet (30.5 m.) above

the Lower Cambrian and 4,300 feet (1,310.6 m.) below the Upper Cambrian, in the limestones forming la of

the Langston (?) limestone [Walcott, 19081, p. 183], in Dome Canyon, House Range [Walcott, 1908f,

PL XIII], Millard County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1905).

Billingsella sp. undt. Zacanthoides.

Hyolithes. Ptychoparia.

Leperditia?. Dorypyge?.
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;
(=llq and lly; same horizon as 3w). (For stratigraphic position and association, see p. 156.) Middle Cam-

brian: About 2,350 feet (716.3 m.) above the Lower Cambrian and 2,050 feet (624.8 m.) below the Upper
Cambrian, in the limestone forming Ic of the Marjum limestone [W'alcott, 190Sf, p. 180], 2.5 miles (4 km.)
east of Antelope Springs, in ridge east of Wheeler Amphitheater fWalcott, 1908f, Pis. XIII andXV], House
Range, Millard County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 19051.

Obolus mcconnelli pelias.

Acrothele subsidua.

Acrotreta ophirensis.

Acrotreta cf . ophirensis.

Hyolithes.

Crinoidal fragments.

Sponge.

Ogygopsis?.

Agnostus 2 sp.

Ptjrchoparia 3 sp.

Solenopleura.

Neolenus inflatus Walcott.

Neolenus intermedius Walcott.

Neolenus intermedius pugio Walcott.

Neolenus superbus Walcott.

Boh. (For stratigraphic position and association, seep. 154.) Upper Cambrian: About 350 feet (106.7 m.) above
the Middle Cambrian and 2,950 feet (899.2 m.) below the top of the Upper Cambrian, near the base of the

arenaceous limestones forming 2a of the Orr formation [Walcott, 1908f, p. 177], on Orr Ridge, about 5 miles

(8 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII], MUlard County, Utah (F. B.

Weeks, 1905).

Lingulella desiderata.

Acrotreta idahoensis.

Acrotreta idahoensis sulcata.

Crepicephalus texanus (Shumard).

Bathyuriscus.

lUsenurus?.

30j. (For stratigraphic position and association, seep. 154.) Upper Cambrian: About 950 feet (289.6 m.) above

the Middle Cambrian and 2,450 feet (746.8 m.) below the top of the Upper Cambrian, near the base of the

arenaceous shales and limestones forming le of the Orr formation [Walcott, 1908f, p. 176], on Orr Ridge,

about 5 miles (8 km.) south of Marjum Pass, House Range [Walcott, 19081, PI. XIII], Millard County,

Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1905).

*Linnarssonella transversa.

Agnostus.

Crepicephalus.

Micromitra (Paterina) crenistria.

Obolus mcconnelli pelias.

Lingulella desiderata.

Lingulella isse.

30k (25 feet below 31t at same locality). (For stratigraphic position and association, see p. 154.) Upper Cambrian:

1,150 feet (350.5 m.) above the Middle Cambrian and 2,175 feet (662.9 m.) below the top of the Upper Cam-
brian, at the top of the arenaceous shales and limestones forming le of the Orr formation [Walcott, 1908f,

p. 176], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII],

Millard County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1905).

Lingulella desiderata. Ptychoparia?.

Lingulella isse. Solenopleura.

*Linnarssonella modesta.

301 (30y is the metamorphosed equivalent of this at different locality). (For stratigraphic position and association,

seep. 153.) Upper Cambrian: About 1,400 feet (426.7 m.) above the Middle Cambrian and 1,900 feet (579.1

m.) below the top of the Upper Cambrian, in the shales forming lb of the Orr formation [Walcott, 1908f,

p. 176], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass [Walcott, 1908f, PI. XIII], House
Range, Millard County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Baling, 1905).

Lingulella manticula.
[

Ptychaspis.

Section of crinoid column.
[
Anomocare.

SOm. (For stratigraphic position and association, see p. 153.) Upper Cambrian : About 1,950 feet (584.4 m.labovethe

Middle Cambrian and 1,350 feet (411.5 m.) below the top of the Upper Cambrian, in the siliceous limestones

forming le of the Notch Peak limestone [Walcott, 19081, p. 175], on the slopes of Notch Peak, about 5 miles

(8 km.) southwest of Marjum Pass, House Range [Walcott, 1908f, PI. XIII], Millard County, Utah (C. D.

Walcott, F. B. Weeks, and X. D. Burling, 1905).

*Obolus tetonensis leda.

son (=30n'). (For stratigraphic position and association, seep. 155.) Middle Cambrian: About 3,750 feet (1,143 m.)

above the Lower Cambrian and 650 feet (198 m.) below the Upper Cambrian, in the shaly limestones form-

ing Ic of the Weeks limestone [Walcott, 19081, p. 175], on the north side of Weeks Canyon, about 4 miles

(6.4 km.) south of Marjum Pass, House Range [Vi'alcott, 1908f, PI. XIII], Millard County, Utah (C. D. Wal-

cott and L. D. Burling, 1905).

*Obolus (Fordinia) perfectus.

Lingulella isse.

Acrotreta ophirensis.

*Acrotreta ophirensis descendens.

Hyolithes.

Agnostus, several species.

Ptychoparia, several speties. ,

Asaphiscus sp.

Crepicephalus texanus (Shumard).

Neolenus.

Solenopleura.
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30n' (=30n, but in slightly higher beds). (For stratigraphic position and association, see p. 155.) (C. D. Walcott

and L. D. Burling, 1905.)

30o (=14v). (For stratigraphic position and association, see p. 154.) Middle Cambrian: About 3,950 feet (1,204 m.)

above the Lower Cambrian and 450 feet (137.2 m.) below the Upper Cambrian, in the shaly limestones form-

ing lb of the Weeks limestone [Walcott, 1908f, p. 178], on the north side of Weeks Canyon, about 4 miles

(6.4 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII], Millard County, Utah. (C. D. Wal-
cott and L. D. Burling, 1905).

Obolus (Fordinia) perfectus.

Asaphiscus sp.

Agnostus, several species.

Ptychoparia.

Crepicephalus texanus (Shumard).

Bathyuriscus.

Anomocare?.

Solenopleura.

30p. (For stratigraphic position and association, see p. 151.) Middle Cambrian: About 125 feet (38 m.) above the

Cambrian quartzitic sandstones on the north side of Ogden Canyon, about 1 mile (1 .6 km.) above its mouth,

east of Ogden, Weber County, Utah (F. B. Weeks and L. D. Burling, 1905).

Micromitra (Paterina) labradorica utahensis.

Obolus mcconnelli.

Obolus (Westonia) ella.

30q. (For stratigraphic position and association, seep. 149.) Upper Cambrian: Limestones about 2,300 feet (701

m.) above the Cambrian quartzitic sandstones on pipe line above limekiln in Ogden Canyon, 1 mile

(1.6 km.) above its mouth, east of Ogden, Weber County, Utah (F. B. Weeks and L. D. Burling, 1905).

Obolus rotundatus.

Lingulella manticula.

30s. (For stratigraphic position and association, see p. 149.) Upper Cambrian: Green shale about 1,200 feet

(365.8 m.) above the Cambrian quartzitic sandstones on pipe line above limekiln in Ogden Canyon, 1 mile

(1.6 km.) above its mouth, east of Ogden, Weber County, Utah (L. D. Burling, 1905).

Lingulella isse.

30u. (For stratigraphic position and association, see p. 151.) Middle Cambrian: Sandy shales about 250 feet (76.2

m.) above the top of the Cambrian quartzitic sandstones 4 miles (6.4 km.) northwest of Promontory Point

station (on the "Lucin cut-off" of the Union Pacific Railway), about halfway up west end of ridge, north of

Great Salt Lake, Boxelder County, Utah (F. B. Weeks, 1905).

Micromitra (Paterina) labradorica utahensis.

Acrotreta cf. ophirensis.

30w. (For stratigraphic position and association, seep. 153.) Upper Cambrian: Drift bowlder of limestone supposed

to have come from the beds forming la of the Notch Peak limestone on Notch Peak [Walcott, 1908f, p.

175], found about 2 miles (3.2 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII], Millard

County, Utah (C. D. Walcott and F. B. Weeks, 1905).

Schizambon typicalis.

Eoorthis desmopleura.

Agraulos.

Solenopleura.

Illsenurus.

30y (the metamorphosed equivalent of 30 1 at a different locality). (For stratigraphic position and association, see

p. 153.) Upper Cambrian: About 1,400 feet (426.7 m.) above the Middle Cambrian and 1,900 feet (579.1 m.)

below the top of the Upper Cambrian, in the supposed metamorphosed equivalent of the shales forming lb

of the Orr formation [Walcott, 1908f, p. 176], above the granite contact on top of the ridge north of Notch
Peak [Walcott, 1908f, Pis. XIII and XIV], House Range, Millard County, Utah (C. D. Walcott, F. B.

Weeks, and L. D. Burling, 1905).

Obolus rotundatus.

Lingulella isse.

Anomocare.

302. (For stratigraphic position and association, see p. 156. ) Middle Cambrian: About 2,450 feet (746.8 m.) above
the Lower Cambrian and 1,950 feet (594.4 m.) below the Upper Cambrian, in the upper part of the limestone

forming Ic of the Marjum limestone [Walcott, 1908f, p. 180], in the long cliff about 2 miles (3.2 km.) south-

east of Marjum Pass, House Range [Walcott, 1908f, Pis. XIII and XV], Millard County, Utah (C. D.

Walcott, F. B. Weeks, and L. D. Burling, 1905).

Acrotreta pyxidicula.

Agnostus.

Ptychoparia.
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31. (For stratigrapliic position and association, seep. 158.) Middle Cambrian: Shales at the Ohisholm mine,

southwest slope of Ely Mountains, 3 miles (4.8 km.) northwest of Pioche, Lincoln County, Nev. (C. D.

Walcott and J. E. W., 1885).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

*Lingulella dubia.

Eocystites longidactylus Walcott.

Hyolithes billingsi Walcott.

Zacanthoides typicalis (Walcott).

Ptychoparia piochensis Walcott.

Anomocare parvum Walcott.

Bathyuriscus howelli Walcott.

Bathyuriscus productus (Hall and Whitfield).

31a. (For stratigraphic position and association, seep. 158.) Lower Cambrian: Limestone and interbedded sili-

ceous shales of the Pioche formation [Walcott, 1908a, p. 11], just above the quartzite on the east side of the

anticline, near Pioche, Lincoln County, Nev. (C. D. Walcott and J. E. W., 1885).

*Micromitra (Iphidella) pannula.

*Acrothele spurri.

*Acrothele subsidua hera.

*Acrotreta primaeva.

*Billingsella highlandensis.

Hyolithes billingsi Walcott.

Bellerophon antiquatus Whitfield.

*01enellus gilberti (Meek).

Olenoidea sp.

Oryctocephalus primus Walcott.

Zacanthoides levis (Walcott).

Crepicephalus augusta Walcott.

Crepicephalus liliana Walcott.

Ptychoparia sp.

31c (=54o; same horizon as 32e). (For stratigraphic position and association, see p. 151.) Middle Cambrian: About
900 feet (274.3 m.) above the Brigham quartzite and 3,300 feet (1,006.5 m.) below the Upper Cambrian, in

the limestone forming lb of the Ute limestone [Walcott, 1908f, p. 196], in Blacksmith Fork Canyon, about

10 miles (16.1 km.) east of Hyrum, Cache County, Utah (L. D. Burling, 1905).

Syntrophia cambria.

Zacanthoides.

Ptychoparia subcoronata (Hall and Whitfield).

Dorypyge ? quadriceps (Hall and Whitfield).

Obolus mcconnelli.

Acrotreta cf . ophirensis.

Acrotreta sp. undt.

Otusia utahensis.

Eoorthis zeno.

31d. (=541). (For stratigraphic position and association, see p. 152.) Middle Cambrian: About 500 feet (152.4 m.)

above the Brigham quartzite and 3,700 feet (1,127.8 m.) below the Upper Cambrian, in the Spence shale

member of the Ute limestone [Walcott, 1908f, p. 197], in Blacksitiith Fork Canyon, about 10 miles (16.1

km.) east of Hyrum, Cache County, Utah (F. B. Weeks, 1905).

Obolus (Westonia) ella?.

Ptychoparia.

31e (=54a). (For stratigraphic position and association, seep. 151.) Middle Cambrian: About 750 feet (228.6 m.)

above the Brigham quartzite and 3,440 feet (1,048.5 m.) below the Upper Cambrian, in the shales forming

2a of the Ute limestone [Walcott, IQOSf, p. 196], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east

of Hyrum, Cache County, Utah (L. D. Burling, 1905).

Obolus (Westonia) ella.

Ptychoparia.

31h (=55n). (For stratigraphic position and association, see p. 150.) (F. B. Weeks, 1905.)

311 (=54h). (For stratigraphic position and association, seep. 149.) Middle Cambrian: About 3,140 feet (957.1

m.) above the Brigham quartzite and 1,050 feet (320 m.) below the Upper Cambrian, in the limestones

forming la of the Bloomington formation [Walcott, 1908f, p. 194], in Blacksmith Fork Canyon, about 9 miles

(14.4 km.) east of Hyrum, Cache County, Utah (L. D. Burling, 1905).

Lingulella desiderata.

Agnostus. »

31m (=55h). (For stratigraphic position and association, see p. 149). Upper Cambrian: About 175 feet (53.3 m.)

above the Middle Cambrian and 1,050 feet (320 m.) below the top of the Upper Cambrian, near the base of

the limestones forming 3 of the St. Charles limestone [Walcott, 1908f, p. 192], in Blacksmith Fork Canyon,

about 9 miles (14.4 km.) east of Hyrum, Cache County, Utah (L. D. Burling, 1905).

Obolus sp. undt.

Lingulella manticula. Ptychoparia.

Billingsella coloradoensis.

31n (=55g). (For stratigraphic position and association, see p. 149.) Upper Cambrian: About 250 feet (76.2 m.)

above the Middle Cambrian and 975 feet (297.2 m.) below the top of the Upper Cambrian, in the upper part

of the limestone forming 3 of the St. Charles limestone [Walcott, 1908f, p. 192], in Blacksmith Fork Canyon,

about 9 miles (14.4 km.) east of Hyrum, Cache County, Utah (L. D. Buxling, 1905).

Acrotreta? sp.

Anomocare.
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31q. (For stratigraphic position and association, see p. 153.) Upper Cambrian: About 2,800 feet (853.4 m.) above
the Middle Cambrian and 500 (152.4 m.) below the top of the Upper Cambrian, in the gray limestone forming
la of the Notch Peak limestone [Walcott, 1908f, p. 175], north slope of Notch Peak, House Range [Walcott

1908f, Pis. XIII and XIV], Millard County, Utah (F. B. Weeks, 1905).

Lingulella isse.

Dikellocephalus?.

31s. (For stratigraphic position and association, see p. 157.) Middle Cambrian: 490 feet (149.4 m.) above the Lower
Cambrian and 3,925 feet (1,196.3 m.) below the Upper Cambrian, in the pinkish argillaceous shale forming

Id of the Howell formation [Walcott, 1908f, p. 182], south side of Dome Canyon, about 1 mile (1.6 km.) below
the divide and 3 miles (4.8 km.) west-southwest of Antelope Springs, House Range [Walcott, 1908f, PI.

XIII], Millard County, Utah (C. D. Walcott and F. B. Weeks, 1905).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

Acrothele spurri.

Acrotreta cf . ophirensis.

Scenella.

Hyolithes.

Zacanthoides.

Bathyuriscus.

31t (25 feet above 30k at same locality). (For stratigraphic position and association, see p. 154.) Upper Cambrian:
About 1,175 feet (358.1 m.) above the Middle Cambrian and 2,150 feet (655.3 m.) below the top of the Upper
Cambrian, in the limestone forming Id of the Orr formation [Walcott, 1908f, p. 176], on Orr Ridge, about 5

miles (8 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII], Millard County, Utah (L. D.
Burling, 1905).

Linnars&onella modesta.
[

Solenopleura.

*Linnarssonella nitens.
I

Protaspis.

31u. (For stratigraphic position and association, seep. 158.) Middle Cambrian: Shalesonwest slope of spur facing

the main part of the Highland Range, 3 miles (4.8 km.) northwest of Pioche, Lincoln County, Nev.

Walcott [1891b, p. 318] cites the following species from this locality:

Lingulella ella=Obolus (Westonia) ella.

Kutorgina pannula=Micromitra (Iphidella) pannula.

Eocystites?? longidactylus Walcott.

Hyolithes billingsi Walcott.

Ptychoparia piochensis Walcott.

Zacanthoides typicalis (Walcott).

Bathyuriscus howelli Walcott.

Bathyuriscus productus (Hall and Whitfield).

31v. (For stratigraphic position and association, see p. 157.) Middle Cambrian: 650 feet (198.1 m.) above the

Lower Cambrian and 3,750 feet (1,143 m.) below the Upper Cambrian, in shales at the top of the limestone

forming la of the Howell formation [Walcott, 1908f, p. 182], northeast side of Dome Canyon, about 4 miles

(6.4 km.) west-southwest of Antelope Springs, House Range [Walcott, 1908f, Pis. XIII and XVI], Millard

County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Burling, 1905).

Micromitra (Iphidella) pannula.

Acrotreta cf. ophirensis.

Ptychoparia.

Sly. (For stratigraphic position and association, see p. 151.) Middle Cambrian: Thin-bedded limestone about 125

feet (38 m.) above the Cambrian quartzitic sandstones in the Wasatch Mountains, 1 mile (1.6 km.) north-

west of Geneva (Copenhagen), east of Brigham, Boxelder County, Utah (F. B. Weeks and L. D. Burling,

1905).

Obolus mcconnelli.

Lingulella isse.

31z (=55t). (For stratigraphic position and association, see p. 151.) Middle Cambrian: About 350 feet (106.7 m.)

above the Brigham quartzite, in the limestone of the Ute limestone [Walcott, 1908a, p. 7], on west side

of road, 0.5 mile (0.8 km.) above the forks, Paradise Dry Canyon (locally known as East Fork), east of Para-

dise, Cache County, Utah (F. B. Weeks, 1905).

Otusia utahensis.

Acrotreta ophirensis.

32. Lower Cambrian: Sandstone on the south slope of Stissing Mountain, Dutchess County, N. Y. (C. D. Wal-

cott, 1886).

*Obolella minor.

Obolella sp.

Elliptocephala asaphoides Emmons.

32a. Lower Cambrian: Limestone, 0.75 mile (1.2 km.) west of Riders Mill station on the Harlem Extension Rail-

road, about 9 miles (14.4 km.) north-northeast of Chatham, Kinderhook quadrangle (U. S. G. S.), Colum-

bia County, N. Y. (C. D. Walcott and T. N. Dale, 1891).

Bicia gemma.
Acrotreta sagittalis taconica.
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32c. (For stratigraphic position and association, see p. 152.) Middle Cambrian: About 60 feet (18.3 m.) above the

Brigham quartzite [Walcott, 1908a, p. 8], in green shale 1 mile (1.6 km.) northwest of Geneva (Copen-

hagen), east of Brigham, Boxelder County, Utah (L. D. Biirling, 1905).

Acrotreta cf . ophirensis.

32d.. (For stratigraphic position and association, see p. 152.) Middle Cambrian: Shales about 150 feet (45.7 m.)

above the Brigham quartzite [Walcott, 1908a, p. 8], on the east side of the south fork of Paradise Dry Canyon
(locally known as East Fork), east of Paradise, Cache County, Utah (F. B. Weeks, 1905).

Micromitra (Paterina) labradorica utahensis.

Obelus (Westonia) ella.

32e (same horizon as 31c and 54o). (For stratigraphic position and association, see p. 151.) Middle Cambrian:

About 900 feet (274.3 m'.) above the Brigham quartzite and 3,300 feet (1,005.8 m.) below the Upper Cambrian,

in limestone corresponding to that forming lb of the Ute limestone [Walcott, 1908f, p. 196], just south of the

south fork of Paradise Dry Canyon (locally known as East Fork), east of Paradise, Cache County, Utah
(L. D. Burling, 1905).

Otusia utahensis.

*Syntrophia cambria.

32f. (For stratigraphic position and association, see p. 153.) Upper Cambrian: Thin-bedded siliceous limestone

near the top of the Upper Cambrian, about 2 miles (3.2 km.) southeast of Muskrat Spring, on the northwest

face of Grantsville Peak, Stansbury Range, Tooele County, Utah (F. B. Weeks and L. D. Burling, 1905).

Lingulella manticula.

Lingulella pogonipensis.

32g. (For stratigraphic position and association, see p. 154.) Upper Cambrian: About 2,575 feet (784.9 m.) above

the Cambrian quartzitic sandstones, in a blue limestone about 2 miles (3.2 km.) southeast of Muskrat Spring,

on the northwest face of Grantsville Peak, Stansbury Range, Tooele County, Utah (L. D. Burling, 1905).

Obolus mcconnelli pelias. I
Lingulella isse.

Lingulella desiderata.
|

Liunarssonella nitens. ,

321i. (For stratigraphic position and association, see p. 157.) Middle Cambrian: Shales in a canyon on the west

side of the Simpson Range, 4 miles (6.4 km.) south of Simpson Spring, about 20 miles (32.2 km.) west-south-

west of Vernon, Tooele County, Utah (F. B. Weeks and L. D. Burling, 1905).

Obolus (Westonia) ella.

32j. (For stratigraphic position and association, see p. 157.) Middle Cambrian: 625 feet (190.5 m.) above the

Cambrian quartzitic sandstones, in pinkish-colored very fine grained arenaceous shale 2 miles (3.2 km.)

southeast of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele County,

Utah (L. D. Burling, 1905).

Acrotreta cf. ophirensis.

32k. (For stratigraphic position and association, see p. 156.) Middle? Cambrian: Limestones about 1,550 feet

(472.4 m.) above the top of the Cambrian quartzitic sandstones 2 miles (3.2 km.) southeast of Muskrat

Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele County, Utah (L. D. Burling,

1905).

Obolus mcconnelli.

32n. (For stratigraphic position and association, see p. 151.) Middle Cambrian: Shales about 725 feet (221 m.)

above the Brigham quartzite [Walcott, 1908a, p. 8], in the Wasatch Mountains, 1 mile (1.6 km.) northwest

of Geneva (Copenhagen), Boxelder County, Utah (L. D. Burling, 1905).

Obolus (Westonia) ella?.

32o. (For stratigraphic position and association, see p. 158.) Middle Cambrian: Shale about 325 feet (99 m.)

above the Cambrian quartzitic sandstones 2 miles (3.2 km.) southeast of Muskrat Spring, on the northwest

face of Grantsville Peak, Stansbury Range, Tooele County, Utah (L. D. Burling, 1905).

Obolus (Westonia) ella.

32p (=55e). (For stratigraphic position and association, see p. 152.) (L. D. Burling, 1905.)

Obolus (Westonia) ella.

Acrothele subsidua.

32t. (For stratigraphic position and association, see p. 154.) Upper Cambrian: Limestone about 3,650 feet (1,112.5

m.) above the Cambrian quartzitic sandstones in Fandango Spring canyon, on the east side of the Dugway

Range, about 5 miles (8 km.) north of where the stage road between Vernon and Deep Creek crosses the

divide, Tooele County, Utah (L. D. Burling, 1905).

Linnarssonella girtyi.
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32x (=54k faunally). (Forstratigi'aphic position and association, see p. 150.) Middle Cambrian: About 1,700 feet

(518.2 m.) above the Brigham quartzite [Walcott, 1908a, p. 8], in shales correlated with the shales forming

2d of the Bloomington formation in Blacksmith Fork Canyon [Walcott, 190Sf, p. 195], Wasatch Canyon,

east of Lakeview ranch, 5 miles (8 km.) north of Brigham, Boxelder County, Utah (L. D. Burling, 1905).

Obolus (Westonia) wasatchensis.

32y. (For stratigraphic position and association, see p. 151.) Middle Cambrian: Shales about 175 feet (53.3 m.)

above the Brigham quartzite [Walcott, 1908a, p. 8], in the Wasatch Mountains, 1 mile (1.6 km.) northwest

of Geneva (Copenhagen), east of Brigham, Boxelder County, Utah (F. B. Weeks and L. D. Burling, 1905).

Obolus (Westonia) ella.

32z (below 32h at saine locality). (For stratigraphic position and association, seep. 157.) Middle Cambrian: Shales

in a canyon on the west side of the Simpson Range, 4 miles (6.4 km.) south of Simpson Spring, about 20 miles

(32.2 km.) west-southwest of Vernon, Tooele County, Utah (F. B. Weeks and L. D. Burling, 1905).

Obolus (Westonia) ella.

33 (see 338c). Lower Cambrian: Limestone on the roadside near Rock Hill schoolhouse, near North Greenwich,

about 5 miles (8 km.) north-northeast of Greenwich, Cambridge quadrangle (U. S. G. S.), Washington

County, N. Y. (C. D. Walcott, 1886).

Botsfordia ceelata.

Acrotreta sagittalis taconica.

Billingsella salemensis.

Archaeocyathus dwighti Walcott.

Hyolithellus micans (Billings).

Hyolithes americanus Billings.

Hyolithes communis Billings.

Hyolithes impar Ford.

Stenotheca elongata Walcott.

Stenotheca rugosa (Hall).

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

Elliptocephala asaphoides Emmons.
Zacanthoides eatoni Walcott.

Ptychoparia cf. adamsi (Billings).

Protypus clavatus Walcott.

Solenopleura tumida Walcott.

33b. Lower Cambrian: Limestone, 1.5 miles (2.4 km.) east-southeast of North Greenwich, about 5 miles (8 km.)

north-northeast of Greenwich, Cambridge quadrangle (U. S. G. S.), Washington County, N. Y. (C. D.

Walcott, 1886).

Botsfordia cselata.

Hyolithellus micans (Billings).

Hyolithes communis Billings.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

Elliptocephala asaphoides Emmons.

33d (same horizon as 15d). (For stratigraphic position and association, see p. 154.) Upper Cambrian: Thin-bedded

blue limestone at the base of the first high point southwest of the J. J. Thomas ranch, on the east side of the

Fish Spring Range, Juab County, ITtah (L. D. Burling, 1905).

Obolus mcconnelli pelias. Schizambon typicalis.

Obolus rotundatus. Acrotreta marjumensis.

Lingulella isse.

33f . (For stratigraphic position and association, see p . 157
.
) Middle Cambrian : Shales about 400 feet (122 m. ) above

the Cambrian quartzitic sandstones on the western slope of the high peak southwest of Lookout Pass, Onaqui

Range, west of Vernon, Tooele County, Utah (L. D. Burling, 1905).

*Obolus (Westonia) ella onaquiensis.

Obolus (Westonia) cf. ella onaquiensis.

33i. (For stratigraphic position and association, see p. 158.) Lower Cambrian: About 100 feet (30.5 m.) above the

Prospect Mountain quartzite, in the shale of the Pioche formation [Walcott, ]908f, p. 171], 0.25 mile (0.4 km.)

below the Maxfield mine, Big Cottonwood Canyon, west front of the Wasatch Mountains southeast of Salt

Lake City, Salt Lake County, Utah (L. D. Burling, 1905).

Obolus (Westonia) ella.

33j. (For stratigraphic position and association, see p. 149.) Middle Cambrian: Shale about 2,300 feet (701 m.)

above the Brigham quartzite [Walcott, 1908a, p. 8], in Wasatch Canyon, east of Lakeview ranch, 5 miles

(8 km.) north of Brigham, Boxelder County, Utah (L. D. Burling, 1905).

Obolus (Westonia) wasatchensis.

331. (For stratigraphic position and association, see p. 153.) Upper Cambrian: Limestones in pass between the

Pavant Mountains and the Canyon Range, a few hundred yards east of the divide, on the road between

Holden and Scipio, Millard County, Utah (L. D. Burling, 1905).

Eoorthis desmopleura.

Solenopleura.

lUeenurus.
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33n. (For stratigraphic position and association, see p. 154.) Middle? Cambrian: Limestone pebbles, west front

of the Pavant Mountains, collected in the wash at the mouth of Crow Creek, about 4 miles (6.4 km.) east

of Fillmore, Millard County, Utah (L. D. Burling, 1905).

Acrotreta idahoensis alta.

33r. (For stratigraphic position and association, see p. 157.) Middle Cambrian; Limestones faulted against the

Cambrian quartzites in a canyon about 1 mile (1.6 km.) east of Cricket Spring, Cricket Range (locally known

as the Beaver River Range or the Beaver Mountains), northwest of Black Rock. Millard County, Utah (L. D.

Burling, 1905).

*Otusia utahensis.

33t. (For stratigraphic position and association, see p. 150.) Middle Cambrian: Shale about 1,500 feet (457.2 m.)

above the Brigham quartzite [Walcott, 1908a, p. 8], 1 mile (1.6 km.) northwest of Geneva (Copenhagen),

east of Brigham, Boxelder County, Utah (F. B. Weeks, 1905).

Obolus (Westonia) wasatchensis.

34. Lower Cambrian: Limestone on roadside a little west of the bridge over Poultney River at Low Hampton,

about 5 miles (8 km.) east-northeast of Whitehall, Whitehall quadrangle (U. 8. G. S.), Washington County,

N. Y. (C. D. Walcott, 1886).

Micromitra (Iphidella) pannula.

Lingulella granvillensis.

Botsfordia cselata.

Acrotreta sagittalis taconica.

Platyceras primsevum Billings.

Hyolithes communis Billings.

Microdiscus connexus Walcott.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

EUiptocephala asaphoides Emmons.
Ptychoparia cf. adamsi (Billings).

Ptychoparia fitchi Walcott.

Solenopleura tumida Walcott.

Zacanthoides eatoni Walcott.

34a. Lower Cambrian: Limestones 1 mile (1.6 km.) west of North Hebron, 5 miles (8 km.) south-southwest of

Granville, Fort Ann quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1886).

Botsfordia cselata.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

34g. (For stratigraphic position and association, see p. 153.) Passage beds between the Cambrian and Ordovician:

Limestones about 1,000 feet (305 m.) above the valley on the east side of the Fish Spring Range, just west of

the high point southwest of the J. J. Thomas ranch, Juab County, Utah (L. D. Burling, lfl05).

Eoorthis dosmopleura.

34i. (For stratigraphic position and association, see p. 154.) Upper Cambrian: Shales about 1 mile (1.6 km.)

northeast of Sand Pass, at the south end of the Fish Spring Range, Juab County, Utah (C. D. Walcott and

L. D. Burling, 1905).

Obolus rotundatus.

Lingulella desiderata.

Lingulella isse.

34m. (For stratigraphic position and association, see p. 151.) Middle Cambrian: Limestone about 765 feet (233.2

m.) above the Brigham quartzite [Walcott, 1908a, p. 8], 1 mile (1.6 km.) northwest of Geneva (Copenhagen),

east of Brigham, Boxelder County, Utah (L. D. Burling, 1905).

Micromitra (Paterina) labradorica utahensis.

Syntrophia cambria.

34n. (For stratigraphic position and association, see p. 158.) Middle Cambrian: Shales about 100 feet (30.5 m.)

above the Tintic quartzite [G. 0. Smith, 1900, p. 1], near the summit of the ridge between Mammoth and

Eureka, Tintic special quadrangle (U. S. G. S.), Juab County, Utah (F. B. Weeks, 1905).

Obolus mcconnelli.

Obolus rotundatus.

34q. (For stratigraphic position and association, see p. 149.) Upper Cambrian: Shales about 3,800 feet (1,158.2 m.)

above the Brigham quartzite [Walcott, 1908a, p. 8], in Wasatch Canyon, east of Lakeview Ranch, about 5

miles (8 km.) north of Brigham, Boxelder County, Utah (L. D. Burling, 1905).

Obolus mcconnelli pelias.

Acrotreta idahoensis alta.

34r. (For stratigraphic position and association, see p. 154.) Upper Cambrian: Limestones 1.5 miles (2.4 km.)

northwest of Wahwah Spring, about halfway up the section to the north of the road at Cane Pass, Wahwah

Mountains, Beaver County, Utah (F. B. Weeks, 1905).

Obolus rotundatus.

Lingulella isse.
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34s. (For stratigraphic position and association, see p. 156.) Middle Cambrian: About 1,700 feet (518 m.) above

the Tintic quartzite, in the Mammoth limestone of G. O. Smith [1900, p. 1, and historical geology sheet],

in the saddle above and a little east of the Centennial Eureka mine, near the summit of the ridge between

Mammoth and Eureka, Tintic special quadrangle (U. S. G. S.), Juab County, Utah (F. B. Weeks, 1905).

Obolus mcconnelli.

34t. (For stratigraphic position and association, see p. 154.) Upper Cambrian: Limestone 1.5 miles (2.4 km.)

northwest of Wahwah Springs, about 80 feet (24.4 m. ) below the highest point on the north side of the road

at Cane Pass, Wahwah Mountains, Beaver County, Utah (P. B. Weeks, 1905).

Lingulella desiderata.

Lingulella isse.

34u. (For stratigraphic position and association, see p. 157.) Middle Cambrian: Shales about 950 feet (289.6 m.)

above the Cambrian quartzitic sandstones 2 miles (3.2 km.) southeast of Muskrat Spring, on the northwest

face of Grantsville Peak, Stansbury Range, Tooele County, Utah (L. D. Buriing, 1905).

Obolus (Westonia) wasatchensis.

34v. (For stratigraphic position and association, see p. 155.) Middle? Cambrian: Limestone about 1,750 feet

(533 m.) above the Cambrian quartzitic sandstones about 2 miles (3.2 km.) southeast of Muskrat Spring,

on the northwest face of Grantsville Peak, Stansbury Range, Tooele County, Utah (L. D. Buriing, 1905).

Obolus mcconnelli pelias.

- 35. Lower Cambrian: Limestones 1.5 miles (2.4 km.) north of Bald Mountain and 3.5 miles (5.6 km.) north-

northwest of Greenwich, Schuylerville quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott,

Obolus prindlei.

Lingulella granvUlensis.

Obolella crassa.

Botsfordia cselata.

Acrotreta sagittalis taconica.

Stenotheca rugosa (Hall).

35a.

Platyceras primsevum Billings.

Hyolithellus micans (Billings).

Hyolithellus micans rugosa Walcott.

Hyolithes communis Billings.

Elliptocephala asaphoides Emmons.
Solenopleiira tumida Walcott.

Lower Cambrian: Shaly limestone on the west slope of the summit of Bald Mountain, 3 miles (4.8 km.)

north-northwest of Greenwich, Schuylerville quadrangle (U. S. G. S.), Washington County, N. Y. (C. D.

Walcott, 1886).

Botsfordia cselata.

*Acrotreta emmonsi.

Olenellus sp.

" 35c. (For stratigraphic position and association, see p. 130.) Lower Cambrian: Drift blocks of siliceous shale

supposed to have come from the Mount Whyte formation [W'alcott, 1908f, p. 214], found on the south slope

of Mount Bosworth, about 500 feet (152 m.) northwest of the Canadian Pacific Railway track between Stephen

and Hector, eastern British Columbia, Canada (Mr. and Mrs. C. D. Walcott and Mr. and Mrs. L. D. Burling,

1907).

*Micromitra (Paterina) wapta.

*Obolus parvus.

Acrothele colleni.

Wimanella simplex.

Hyolithellus.

Hyolithes.

35d.

*Albertella bosworthi Walcott.

*Albertella helena Walcott.

Bathyuriscus.

Agraulos.

Ptychoparia.

Bathyuriscus.

(For stratigraphic position and association, see p. 130.) Lower Cambrian: About 3,150 feet (960.1 m.) below
the Middle Cambrian, in the siliceous Lake Louise shale [Walcott, 1908f, p. 216], in cliff on the north side

of Lake Louise, at its upper end, southeast of Laggan, on the Canadian Pacific Railway, Alberta, Canada
(Mr. and Mrs. C. D. Walcott and Mr. and Mrs. L. D. Burling, 1907).

*Micromitra (Iphidella) louise.

Cruziana.

Annelid trails.

35e. (For stratigraphic position and association, see p. 130.) Lower Cambrian: About 270 feet (82.3 m.) below

the Middle Cambrian, in a greenish siliceous shale correlated with No. 3 of the Mount Whyte formation on
Mount Bosworth [Walcott, 1908f, p. 214], in the amphitheater between Popes Peak and Mount Whyte, about

3 miles (4.8 km.) northwest of Lake Louise, southwest of Laggan on the Canadian Pacific Railway, Alberta,

Canada (C. D. Walcott and L. D. Buriing, 1907).

Micromitra (Paterina) wapta.

Obolus parvus.

Acrothele colleni.

Hyolithes billingsi Walcott.

Olenopsis.

Ptychoparia sp.

Albertella sp.

Bathyuriscus.

Olenellus gilberti (Meek).
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35f. (For stratigraphic position and association, see p. 130.) Lower Cambrian: About 300 feet (91 m.) below the

Middle Cambrian, in the limestone forming 6 of the Mount WTiyte formation [Walcott, 1908c, p. 242 (11)],

just above the tunnel on the north shoulder of Mount Stephen, about 3 miles (4.8 km.) east of Field, British

Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Micromitra (Iphidella) pannula var.

Kutorgina cingulata.

Kutorgina?.

Acrotreta sagittalis taconica.

Nisusia festinata.

Hyolithes billingsi Walcott.

Scenella varians Walcott.
'

Ptychoparia 3 sp.

Agraulos sp.

Protypus sp.

Olenellus canadensis Walcott.

Olenellus gilberti (Meek).

35g. (For stratigraphic position and association, see p. 126.) Middle Cambrian: About 4,100 feet (1,250 m.) above

the Lower Cambrian and 860 feet (262 m.) below the LTpper Cambrian, in the shaly limestones in 2 of the

Eldon limestone [Walcott, 1908f, p. 209], at the north end of the amphitheater northwest of the main ridge

of Mount Bosworth, north of the Canadian Pacific Railway between Hector and Stephen, on the Continental

Divide between British Columbia and Alberta, Canada (C. D. Walcott and L. D. Burling, 1907).

Obolus mcconnelli var. I
Isoxys cf. argentea (Walcott).

*Obolus membr^naceus.
'

I

Ptychoparia 3 sp.

351i. (For stratigraphic position and association, see p. 130.) Lower Cambrian: About 375 feet (114 m.) below the

Middle Cambrian, in the shales of No. 4 of the Mount Whyte formation fWalcott, 1908f, p. 214], on Mount

Bosworth, north of the Canadian Pacific Railway between Hector and Stephen, on the Continental Divide

between British Columbia and Alberta, Canada (Mr. and Mrs. C. D. Walcott, Mr. and Mrs. L. D. Burling,

and Helen and Stuart Walcott).

Agraulos.

Olenellus canadensis Walcott.

Olenellus gilberti (Meek).

Nisusia festinata.

Scenella varians Walcott.

Hyolithellus.

Ptychoparia.

35k. (For stratigraphic position and association, see p. 127.) Middle Cambrian: Burgess shale member'of the

Stephen formation on the west slope of the ridge between Mount Field and Wapta Peak, 1 mile (1.6 km.)

northeast of Burgess Pass, above Field, British Columbia (Mr. and Mrs. C. D. Walcott and Stuart Walcott,

1909 and 1910.)"

*Micromitra zenobia.
j

Micromitra (Iphidella) pannula.

*Micromitra (Paterina) stissingensis ora.
|

Nisusia alberta.

36 (see 338d). Lower Cambrian: Limestone 1 mile (1.6 km.) south of Shushan and 3.5 miles (5.6 km.) north-

northeast of Cambridge, Cambridge quadrangle (LT. S. G. S.), Washington County, N. Y. (C. D. Walcott,

Hyolithes communis Billings.

Microdiscus speciosus Ford.

Elliptocephala asaphoides Emmons.
Solenopleura tumida Walcott.

Acrotreta sagittalis taconica.

Nisusia festinata.

* Billingsella salemensis.

Hyolithellus micans (Billings).

36b. Lower Cambrian: Limestone near schoolhouse No. 12, near Greenwich, Cambridge quadrangle (U. S. G. S.),

Washington County, N. Y. (O. C. Tefft, 1887).

Obolus prindlei.
j

Hyolithellus micans (Billings).

Botsfordia cselata. Microdiscus lobatus (Hall).

Acrotreta sagittalis taconica.
_

I

Microdiscus sp.

'

37. Lower Cambrian: Limestone 1.5 miles (2.4 km.) south of Salem, Cambridge quadrangle (U. S. G. S.), Washing-

ton County, N. Y. (C. D. Walcott, 1886).

Billingsella salemensis.

37b. Lower Cambrian: Limestone 0.25 mile (0.4 km.) east of Salem, Cambridge quadrangle (U. S. G. S.), Wash-

ington County, N. Y. (C. D. Walcott, 1893).

Lingulella granvillensis. I
Olenellus?.

*Yorkia washingtonensis. Microdiscus connexus Walcott.

Acrotreta sagittalis taconica. 1

38. Lower Cambrian: Limestone 0.25 mile (0.4 km.) north of John Hulett's farmhouse, about 3 miles (4.8 km.) west

of South Granville, and 4.5 miles (7.2 km.) southwest of Granville, Fort Ann quadrangle (U. S. G. S.),

Washington County, N. Y. (C. D. Walcott, 1886).

Lingulella granvillensis.

Botsfordia cselata.

Stenotheca elongata Walcott.

Hyolithes impar Ford.

Elliptocephala asaphoides Emmons.

a This is the locality containing the beautifully preserved annelids, medusfe, eurypterids, holothurians, crustaceans, etc., now being described

and illustrated in volume 67 of the Smithsonian Miscellaneous Collections.
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2 km.) south of North Granville, on the road which turns south from

and Truthville, 4 miles (6.4 km.) west-northwest of Granville, Fort

;ton County, N. Y. (C. D. Walcott, 1886).

Hyolithes americanus Billings

Hyolithes impar Ford.

Agnostus sp.

Microdiscus connexus Walcott.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

Elliptocephala asaphoides Emmona.
Ptychoparia cf. adamsi (Billings).

Ptychoparia fitchi Walcott.

Ptychoparia sp.

Protypus clavatus Walcott.

Zacanthoides eatoni Walcott.

Olenoides fordi Walcott.

Lower Cambrian: Shale at the slate quarries on the west side of the valley 1 mile (1.6 km.) north of Middle
Granville, Mettawee quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1886).

Botsfordia cselata.

39. Lower Cambrian: Limestone south of the Delaware and Hudson Railroad track, on the road running south-

southwest from Low Hampton, about 5 miles (8 km.) east-northeast of Whitehall, AVhitehall quadrangle

(U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1886).

38a. Lower Cambrian : Limestone 2 miles (3

the road running between that village

Ann quadrangle (U. S. G. S.), Washing

Micromitra (Iphidella) pannula.

Obolus prindlei.

*Lingulella granvillensis.

Lingulella sp.

Botsfordia cselata.

Yorkia? washingtonensis.

Acrotreta emmonsi.

*Acrotreta sagittalis taconica

Nisusia festinata.

Protospongia sp.

Platyceras primsevum Billings

Hyolithellus micans (Billings).

Hyolithellus micans rugosa Walcott.

38c.

Microdiscus speciosus Ford.

Protypus clavatus Walcott.

Botsfordia cselata.

Acrotreta sagittalis taconica.

Aichseocyathus dwighti Walcott.

39a. Lower Cambrian: Limestone 0.25 mile (0.4 km.) north of Easton Station, 3 miles (4.8 km.) south of Green-

wich, Cambridge quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1887).

Botsfordia cselata.

Hyolithellus micans rugosa Walcott.

Microdiscus lobatus (Hall).

41 (same horizon as 5 1). (For stratigraphic position and association, see p. 141.) Lower Cambrian: Sandstone [see

Walcott, 1891b, p. 260, for position in section] on Manuels Brook, Conception Bay, Newfoundland (C. D.

Walcott, 1888).

Coleoloides typicalis Walcott.

Microdiscus bellimarginatus Shaler and Foerste.

Microdiscus helena Walcott.

Callavia broggeri (Walcott).

Ptychoparia attleborensis Shaler and Foerste.

Ptychoparia sp.

Solenopleura bombifrons Matthew.

Solenopleui'a howleyi Walcott.

Avalonia manuelensis Walcott.

Agraulos strenuus Billings.

Agraulos strenuus nasutus Walcott.

Agraulos sp.

*Obolella atlantica

Hyolithellus micans (Billings).

Helenia bella Walcott.

Hyolithes princeps Billings.

Hyolithes quadricostatus Shaler and Foerste.

Hyolithes similis Walcott.

Hyolithes sp.

Stenotheca rugosa (Hall).

Stenotheca rugo.sa acuticosta Walcott.

Stenotheca rugosa erecta Walcott.

Stenotheca rogosa lasvis Walcott.

Stenotheca rugosa pauper Billings.

Walcott [1891b, p. 260] cites the following additional species:

Hyolithes impar Ford.

Hyolithes terranovicus Walcott.

Scenella reticulata Billings.

Platyceras primsevum. Billings.

Microdiscus speciosus Ford.

41a. (For stratigraphic position and association, see p. 141.) Lower Cambrian: Limestone [see Walcott, 1891b,

p. 260] on the mainland beneath Topsail Head, Conception Bay, Newfoundland.

Micromitra (Paterina) labradorica.

Obolella atlantica.

Scenella reticulata Billings.

Hyolithellus micans (Billings).

Hyolithellus micans rugosa Walcott.

Hyolithes impar var.

Hyolithes princeps Billings.

Microdiscus bellimarginatus Shaler and Foerste.

Ptychoparia attleborensis Shaler and Foerste.

Avalonia manuelensis Walcott.

Agraulos strenuus Billings.

Walcott [1891b, p. 260] cites the following additional species:

Microdiscus speciosus Ford.

Microdiscus sp. undt.

Callavia broggeri (Walcott).

Solenopleura bombifrons Matthew.

Agraulos sp.
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43. Ordovician: Shales on the summit of Moses Hill, 2 miles (3.2 km.) west of North Greenwich, near the line

between the Schuylerville and Cambridge quadrangles (U. S. G. S.), Washington County, N. Y. (C. D. Wal-

cott, 1887).

Acrothele pretiosa.

43a. Lower Cambrian: Limestone 1 mile (1.6 km.) east-northeast of Salem, Cambridge quadrangle (U. S. G. S.),

Washington County, N. Y. (C. D. Walcott and W. P. Rust, 1887).

Botsfordia cselata.

Acrotreta sagittalis taconica.

Protospongia sp.

Hyolithes impar Ford.

Microdiscus connexus Walcott.

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

Agnostus desideratuK Walcott.

Ptychoparia cf. adamsi (Billings).

Protypus clavatus Walcott.

Zacanthoides eatoni Walcott.

44a (a little north of 44b). Lower Cambrian: Limestone on Valatie Kill, near the line between Nassau and Scho-

dack townships, near line between Troy and Kinderhook quadrangles (U. S. G. S.), Rensselaer County,

N. Y. (C. D. Walcott, 1887).

Acrotreta sagittalis taconica.

Microdiscus connexus Walcott.

44b (a little south of 44a). Lower Cambrian: Limestone near North Chatham, in the northern part of the Kinder-

hook quadrangle (U. S. G. S.), Columbia County, N. Y. (C. D. Walcott, 1887).

Micromitra (Iphidella) pannula.

Lingulella granvillensis.

Acrotreta sagittalis taconica.

Hyolithellus micans (Billings).

Agnostus sp.

4Sa. Lower Cambrian: Limestone at McNaughton Corner, 1 mile (1.6 km.) east of Salem, Cambridge quadrangle

(U. S. G. S.), Washington County, N. Y. (Ira Sayles, 1887).

Acrotreta sagittalis taconica.

Archeeocyathus dwighti Walcott.

Archseocyathus rarus (Ford).

Hyolithellus micans (Billings).

Microdiscus lobatus (Hall).

Microdiscus speciosus Ford.

Solenopleura tumida Walcott.

Zacanthoides eatoiii Walcott.

45b. Lower Cambrian: Limestone near the roadside about 1,200 feet (366 m.) east of Bristol's house, near Low
Hampton, about 5 miles (8 km.) east-northeast of Whitehall, Whitehall quadrangle (U. S. G. S.), Wash-
ington County, N. Y. (Ira Sayles, 1887).

Obolus prindlei.

Acrotreta sagittalis taconica.

Platyceras primsevum Billings.

Hyolithellus micans (Billings).

Hyolithes americanus Billings.

Hyolithes impar Ford.

Microdiscus speciosus Ford.

Elliptocephala asaphoides Emmons.
Solenopleura tumida Walcott.

47a. Lower Cambrian: Sandstone on the southwest side of Sailings Mountain, 2 miles (3.2 km.) east of Natural

Bridge, Rockbridge County, Va. (C. D. Walcott, 1891).

*Kutorgina sp. undt. I Hyolithes communis Billings.

Obolella minor. I Olenellus sp.

47o. Lower Cambrian: Sandstone 2 miles (3.2 km.) west of bridge at Harpers Ferry, Jefferson County, W. Va.

(C. D. Walcott, 1892).

Obolella minor.

Olenellus thompsoni (Hall).

47d(seel6f). Lower Cambrian: Sandstones 1 mile (1.6 km.) east-southeast of Smithsburg, Washington County,

Md. (C. D. Walcott, 1892^

Obolella minor?.

Olenellus thompsoni (Hall).

47e (see 16f). Lower Cambrian: Sandstone on Observatory Hill, 2 miles (3.2 km.) south of Keedysville, Wash-
ington County, Md. (C. D. Walcott, 1892).

Obolella minor.

Olenellus thompsoni (Hall).

47f (see 16f). Lower Cambrian: Sandstone at Eakles Mills, 2 miles (3.2 km.) south of Keedysville, Washington

County, Md. (C. D. Walcott, 1892).

Obolella minor.

Olenellus thompsoni (Hall).
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47h. Middle Cambrian: Shales on Wolf Creek, 6 miles (9.6 km.) below Rocky Gap, Bland County, Va. (M. R.
Campbell, 1893).

Dicellomus appalachia.

48d. Middle Cambrian : Argillaceous shales in railroad cut alongside of gas house, city of York, York County, Pa.

(H. E. Dickhaut, 1901).

*Lingulella sp. undt. b.

*Acrothele yorkensis.

49. Lower Cambrian; Sandstone on Codorus Creek 0.125 mile (0.2 km.) below Meyer's mill, near Emigsville, York
County, Pa. (Charles Schuchert, 1893).

Rustella edsoni?. i Nisusia festinata.

Micromitra (Paterina) bella. Olenellus thompsoni crassimarginatus Walcott.

*Yorkia wanneri. I

49a. Lower Cambrian: Sandstone on the Liverpool road, south of the schoolhouse, 3 miles (4.8 km.) northwest of

York, York County, Pa. (Charles Schuchert, 1893).

Rustella edsoni. I Nisusia festinata.

Yorkia wanneri. . I
Olenellus thompsoni crassimarginatus Walcott.

49b. Lower Cambrian: Sandstone in the continuation of the ridge mentioned in Locality 49c, 2 miles (3.2 km.)

northwest of Emigsville, York County, Pa. (C. D. Walcott, 1892).

Obolella minor.

Olenellus thompsoni (Hall).

49c. Lower Cambrian: Sandstone in ridge just north of the railway station at Emigsville, York County, Pa.

(C. D. Walcott, 1892).

Obolella minor.

Olenellus thompsoni (Hall).

49d. Lower Cambrian: Sandstone 3 miles (4.8 km.) east of Waynesboro, Franklin County, Pa. (C. D. Walcott,

1892).

Obolella minor.

Olenellus thompsoni (Hall).

49e. Lower Cambrian: Sandstone 1 mile (1.6 km.) south of Mount Zion Church and 4 miles (6.4 km.) northeast

of York, York County, Pa. (C. D. Walcott, 1892).

Obolella minor.

Olenellus thompsoni (Hall).

49f. Lower Cambrian: Sandstones of Mount Holly Gap, South Mountain, Cumberland County, Pa. (C. D. Wal-

cott, 1892).

Obolella minor?.

Hyolithessp.

Olenellus? sp.

49w. Lower Cambrian: Limestone in railroad cut 0.25 mile (0.4 km.) south of Emigsville, York County, Pa. (C. D.

Walcott, 1892).

Micromitra (Paterina) bella.

Nisusia festinata.

60. Lower Cambrian: Shaly limestones 1.125 miles (1.8 km.) north of Stoner, 10 miles (16.1 km.) east-northeast

of York, York County, Pa. (C. D. Walcott, 1892).

*Acrothele decipiens.

Olenellus.

50a. Lower Cambrian: Sandstone 2 miles (3.2 km.) northwest of York, York County, Pa. (C. D. Walcott, 1892).

Obolella crassa?.

Olenellus sp.

52. (For stratigraphic position and association, see p. 140.) Lower Cambrian: Arenaceous shales just above the

Prospect Mountain quartzite, in a stratigraphic position similar to that of the Pioche formation [Walcott,

1908f, p. 184], at the top of Prospect Mountain, Eureka district [Hague, 1892, Atlas], Eureka County, Nev.

(J. P. Iddings and C. D. Walcott, 1880).

*Micromitra (Paterina) prospectensis.

Girvanella sp.

Scenella? conula Walcott.

Callavia nevadensis Walcott.

Olenellus fremonti Walcott.

Peachella iddingsi (Walcott).

Dorypyge ? quadriceps (Hall and Whitfield).
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53 (below 178a). (Forstratigraphicpositionandassociation, seep. 138.) Lower Cambrian: Sandstones in the lower

portion of 3d of the Waucoba Springs section [Walcott, 1908f, pp. 187 and 188], 1 mile (1.6 km.) east of Saline

Valley road, about 2.5 miles (4 km.) east-northeast of Waucoba Springs, Inyo County, Cal. (C. D. Walcott,

1897).

Ethmophyllum gracile Meek.

Hyolithes sp.

Wanneria gracile Walcott.

Mickwitzia occidens.

Obolella vermilionensis.

*Trematobolus excelsis.

Archseocyathus.

53a. (For stratigraphic position and association, see p. 138.)

Obolella sp.

54. (For stratigraphic position and association, see p. 140.) Middle Cambrian : Eldorado limestone [Walcott, 1908f,

p. 184] on east slope of Prospect Mountain, in New York Canyon, Eureka district [Hague, 1892, Atlas],

Eureka County, Nev. (C. D. Walcott, 1886).

Lingulella arguta.

Lingulella punctata.

54a (=31e). (For stratigraphic position and association, see p. 151.) (C. D. Walcott and L. D. Burling, 1906.)

Micromitra (Paterina) labradorica utahensis.

Obolus (Westonia) ella.

Acrothele turneri?.

Isoxys cf. argentea (Walcott).

Ptychoparia.

54b. (For stratigraphic position and association, see p. 148.) Upper Cambrian: About 1,200 feet (365.8m.) above

the Middle Cambrian and 25 feet (7.6 m.) below the top of the Upper Cambrian, in the upper part of the

limestone forming 1 of the St. Charles limestone [Walcott, 1908f, p. 191], in Blacksmi+h Fork Canyon, about

10 miles (16.1 km.) east of Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Lingulella manticula. I
Syntrophia nundina.

Eoorthis desmopleui-a.
I

Dikellocephalus

.

64c. (For stratigraphic position and association, see p. 148.) Upper Cambrian: About 1,100 feet (335.3 m.) above

the Middle Cambrian and 120 feet (36.6 m.) below the top of the Upper Cambrian, in the central part of the

limestone forming 1 of the St. Charles limestone [Walcott, 1908f, p. 192], in Blacksmith Fork Canyon, about

10 miles (16.1 km.) east of Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Schizambon typicalis.

Eoorthis desmopleura.

*Eoorthis newberryi.

Syntrophia nundina.

Solenopleura.

Menocephalus.

niaenurus.

54d. (For .stratigraphic position and association, see p. 148.) Upper Cambrian: About 1,050 feet (320 m.) above the

Middle Cambrian and 175 feet (53.3 m.) below the top of the LTpper Cambrian, in the lower part of the lime-

stone forming 1 of the St. Charles limestone [Walcott, 1908f, p. 192], in Blacksmith Fork Canyon, about 10

miles (16.1 km.) east of Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Lingulella (Lingulepis) acuminata.

Eoorthis desmopleura.

Eoorthis newberryi.

Agnostus.

Menocephalus.

Solenopleura.

Asaphus?.

54e. (For stratigraphic position and association, see p. 149.) Upper Cambrian: About 200 feet (61 m.) above the

Middle Cambrian and 1,025 feet (212.4 m.) below the top of the Upper Cambrian, in limestones forming 3 of

the St. Charles limestone [Walcott, 1908f, p. 193], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east

of Hyrum, Cache County, Utah (Mrs. C. D. Walcott, Stuart Walcott, and L. D. Burling, 1906).

Obolus discoideus.

Obolus (Westonia) ella.

Lingulella manticula.

Billingsella coloradoensis.

*Huenella lesleyi.

Hyolithes.

Cyrtolites.

Agnostus.

Ptychoparia.

Anomocare.

54f . (For stratigraphic position and association, see p. 149.) Upper Cambrian : 150 feet (45.7 m.) above the Middle

Cambrian and 1,075 feet (327.7 m.) below the top of the Upper Cambrian, in the light-gray sandstone forming

4 of the St. Charles limestone [Walcott, 1908f, p. 193], in Blacksmith Fork Canyon, about 10 miles (16.1 km.)

east of Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Obolus discoideus. I
Acrotreta idahoensis alta.

Obolus (Fordinia) bellulus?.
I

Billingsella coloradoensis.
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64g. (For stratigraphic position and association, see p. 149.) Upper Cambrian: Just above the Middle Cambrian,

near the base of the bedded light-gray sandstone forming 4 of the St. Charles limestone [Walcott, 1908f,

p. 193], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah (C. D.

Walcott and L. D. Burling, 1906).

Lingulella (Lingulepis) acuminata.

541i(=311). (For stratigraphic position and association, see p. 149.) (L. D. Burling and Stuart Walcott, 1906.)

Protospongia.

Obolus mcconnelli pelias.

Obolus (Westonia) wasatchensis.

Lingulella desiderata.

Hyolithes.

Agnostus.

Ptychoparia.

54i(=31k). (For stratigraphic position and association, seep. 150.) Middle Cambrian : About 2,950 feet (899.2 m.)

above the Brigham quartzite and 1,225 feet (373.4 m.) below the Upper Cambrian, in the limestone forming le

of the Bloomington formation [Walcott, 1908f, p. 194], in Blacksmith Fork Canyon, about 10 miles (16.1 km.)
east of Hyrum, Cache County, Utah (L. D. Burling, 1905).

Micromitra cf. sculptilis. I Agraulos.

Hyohthes.
|
Ptychoparia.

54]. (For stratigraphic position and association, seep. 148.) Upper Cambrian : About 700 feet (213.4m.) above the
Middle Cambrian and 525 feet (160 m.) below the top of the Upper Cambrian, in the arenaceous limestones

forming 2c of the St. Charles limestone [Walcott, 1908f, p. 192], in Blacksmith Fork Canyon, about 10 miles

(16.1 km.) east of Hyrum, Cache County, Utah (C. D. Walcott, Stuart Walcott, and L. D. Burling, 1906).

Obolus (Westonia) iphis.

Lingulella desiderata.

54k. (For stratigraphic position and association, see p. 150.) Middle Cambrian : About 2, 100 feet (640 m. ) above the
Lower Cambrian and 2,100 feet (640 m.) below the Upper Cambrian, in the shales forming 2d of the Bloom-
ington formation [Walcott, 1908f, p. 195], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of

Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Obolus (Westonia) wasatchensis.

Agraulos.

Ptychoparia.

541 (=31d). (For stratigraphic position and association, see p. 152.) (C. D. Walcott, 1906.)

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella?.

Lingulella desiderata.

Hyolithes.

Orthotheca major Walcott.

Leperditia.

Ptychoparia.

Bathyiiriscus productus (Hall and ^Tiitfield).

54m(=31f). (For stratigraphic position and association, seep. 150.) Middle Cambrian: About 1,225 feet (373.4 m.)
above the Brigham quartzite and 2,950 feet (899.2 m.) below the Upper Cambrian, in the upper part of the

limestone forming la of the Ute limestone [Walcott, 1908f, p. 195], in Blacksmith Fork Canyon, about 10

miles (16.1 km.) east of Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

*Micromitra (Paterina) labradorica utahensis.

BilHngsella sp.

Hyohthes.

Ptychoparia subcoronata (Hall and 'WTiitfield).

Dorypyge? quadriceps (Hall and Whitfield).

54n. (For stratigraphic position and association, seep. 151.) Middle Cambrian : About 550 feet (167.6 m.) above the

Brigham quartzite and 3,640 feet (1,109.5 m.) below the Upper Cambrian, in the limestone forming 2e of the

Ute limestone [Walcott, 1908f, p. 197], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum,
Cache County, Utah (C. D. Walcott, 1906).

*Micromitra (Paterina) stuarti.

Micromitra (Paterina) superba.

Hyolithes.

Dorypyge (fragment).

Ptychoparia.

54o (=31c). (For stratigraphic position and association, see p. 151.) (C. D. Walcott and L. D. Burling, 1906.'

Micromitra (Paterina) labradorica utahensis.

Billingsella coloradoensis.

*Eoorthis zeno.

Syntrophia cambria.

Hyolithes.

Scenella.

Ptychoparia subcoronata (Hall and Whitfield.)

Dorypyge? quadriceps (Hall and Whitfield.)

54p. (For stratigraphic position and association, see p. 151.) Middle Cambrian: About 525 feet (160 m.) above
the Brigham quartzite and 3,665 feet (1,127.1 m.) below the ITpper Cambrian, in the shales forming 2f of

the Ute limestone [Walcott, 1908f, p. 197], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of

Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Micromitra (Paterina) superba.

Obolus mcconnelli.

Ptychoparia sp. undt.
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64q (same horizon as 32x). (For stratigraphic position and association, see p. 150.) Middle Cambrian: A drift

block supposed to have come from a horizon 1,700 feet (518.2 m.) above the Brigham quartzite [Walcott,

1908a, p. 8], found near the mouth of Wasatch Canyon, east of Lakeview ranch, 5 miles (8 km.) north of

Brigham, Boxelder County, Utah (C. B. Walcott, 1906).

Micromitra (Iphidella) pannula?.

Obolus sp. undt.

*Obolus (Westonia) wasatchensis.

54r.

Acrothele subsidua.

Nisusia alberta.

Nisusia alberta?.

(For stratigraphic position and association, see p. 148.) Upper Cambrian: Drift pieces of limestone from the

west slope of the Wasatch Range, east of Lakeview ranch, about 5 miles (8 km.) north of Brigham, Box-

elder County, Utah (C. D. Walcott and L. D. Burling, 1906).

Obolus mcconnelli pelias.

Eoorthis desmopleura.

54s (=5b). (For sti'atigraphic position and association, see p. 152.) Middle Cambrian: Dark blue-gray Langston

limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic sandstones, north side of Twomile
Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, Idaho (C. D. Walcott and

L. D. Burling, 1906).

Billingsella coloradoensis.

Hyolithes.

Orthotheca.

Stenotheca.

Platyceras.

Agnostus,

Microdiscus.

Solenopleura.

Ptychoparia 2 sp.

Oryctocephalus.

Dorypyge 2 sp. :

Neolenus 2 sp.

Asaphiscus.

Ogygopsis?.

*Micromitra haydeni (54s).

Micromitra (Iphidella) pannula.

*Micromitra (Iphidella) pannula maladensis (5b)

Micromitra (Iphidella) pannula ophirensis.

Lingulella desiderata.

Lingulella helena.

Lingulella isse.

*Acrothele artemis (5b).

Acrothele subsidua.

Acrothele subsidua var.

Acrotreta idahoensis sulcata.

Acrotreta pyxidicula.

Acrotreta?.

*Acrothyra minor (5b).

84t (=4y, 5a, 5c, 5e, and 54w). (For stratigraphic position and association, see p. 149.) Upper Cambrian: Lime-

stone of the St. Charles limestone [Walcott, 1908a, p. 6], about 250 feet (76 m.) above the Middle Cambrian,

on the north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,

Idaho (C. D. Walcott and L. D. Burling, 1906).

Obolus wortheni. Acrotreta idahoensis sulcata.

Obolus (Westonia) ella. Billingsella coloradoensis.

Lingulella desiderata. Ptychoparia.

Acrotreta idahoensis. Anomocare.

54u. (For stratigraphic position and. association, see p. 149.) ITpper Cambrian: Limestone of the St. Charles lime-

stone [Walcott, 1908a, p. 6], about 100 feet (30.5 m.) above the Middle Cambrian, on the north side of Two-

mile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, Idaho (C. D. Walcott

andL. D. Burling, 1906).

*Obolus wortheni.

Acrotreta idahoensis..

Billingsella coloradoensit.

Agnostus.

Ptychoparia 2 sp.

Ptychaspis.

Anomocare.

54v. (For stratigraphic position and association, see p. 150.) Middle Cambrian: Limestone in the lower part of

the Bloomington formation [Walcott, 1908a, p. 7], about 1,600 feet (488- m.) below the Upper Cambrian, on

the south side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,

. Idaho (C. D. Walcott and L. D. Burling, 1906).

Obolus wortheni.

Ptychoparia 2 sp.

54w (=54t). (For stratigraphic position and association,, see p. 149.) (C. D. Walcott and L. D. Burling, 1906.)

Obolus tetonensis ninus.
|

Ptychoparia 2 sp.

Obolus wortheni. I
Liostracus.

Agnostus 2 sp. Anomocare 3 sp.

Ptychaspis. I
Damesella sp.
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64x. (For stratigraphic position and association, see p. 149.) Upper Cambrian: St. Charlesi limestone [Walcott,

1908a, p. 6], about 200 feet (60.4 m.) above the Middle Cambrian, on the north side of Twomile Canyon,

near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, Idaho (C. D. Walcott and L. D.

Burling, 1906).

Obolus wortheni.

Billiugsella coloradoensis

Agnostus.

Ptychoparia.

54y.

Liostracus.

Ptychaspis.

Anomocare.

Damesella.

(For stratigraphic position and association, see p. 151.) Middle Cambrian: About 510 feet (155.4 m.) above

the Brigham quartzite and 3,680 feet (1,121.7 m.) below the Upper Cambrian, in the limestone forming 2g

of the Ute limestone [Walcott, 1908f, p. 197], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of

Hyrum, Cache County, Utah (C. D. Wale and L. D. Burling, 1906).

Micromitra (Paterina) superba.

Hyolithes.

Ptychoparia.

55. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Shaly limestone at the top of the

Eldorado limestone [Walcott, 1908f, p. 184], east slope of Prospect Mountain, in New York Canyon, Eureka
district [Hague, 1892, Atlas], Eureka County, Nev. (C. D. Walcott, 1886).

Acrotreta definita.

Billingsella whitfieldi.

Agnostus bidens Meek.

Agnostus tumidosus Hall and Whitfield.

Dorypyge ? quadriceps (Hall and Whitfield).

55b. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Top of the Eldorado limestone

[Walcott, 1908f, p. 184], west side of Secret Canyon, Eureka district [Hague, 1892, Atlas], Eureka County,

Nev. (C. D. Walcott, 1886).

*Billingsella whitfieldi.

*Orusia? eurekensis.

Orusia lenticularis.

Stenotheca elongata Walcott.

Agnostus bidens Meek.

Olenoides expansus (Walcott).

Zacanthoides spinosus (Walcott).

55c (=163). (For stratigraphic position and association, see p. 152.) Middle Cambrian: Spence shale member of

the Ute limestone [Walcott, 1908a, p. 8], about 50 feet (15.2 m.) above the Brigham quartzite and 2,755 feet

(839.7 m.) below the Upper Cambrian, in a ravine running up into Danish Flat from Mill Canyon, about 6

miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County,
Idafio (Mr. and Mrs. C. D. Walcott, Helen Walcott, Stuart Walcott, and L. D. Burling, 1906).

Microdiscus sp.

Olenoides, several species.

*Zacanthoides idahoensis Walcott.

Zacanthoides sp.

Oryctocephalus reynoldsi Reed.

Oryctocara geikiei Walcott.

Ptychoparia, many species.

Bathyuriscus howelli Walcott.

Bathyuriscus productus (Hall and Whitfield).

Bathyuriscus sp.

Micromitra (Iphidella) pannula?

Obolus (Westonia) ella.

Lingulella desiderata.

Acrothele subsidua.

Acrotreta definita.

Acrotreta idahoensis sulcata.

*Nisusia rara.

Nisusia (Jamesella) spencei.

Nisusia (Jamesella) nautes.

Hyolithes.

Agnostus, several species.

55d. (For stratigraphic position and association, see p. 150.) Middle Cambrian: About 2,000 feet (609.6 m.)

above the Cambrian quartzitic beds, in a shale which is probably to be referred to the Bloomington forma-

tion [Walcott, 1908a, p. 7], on the south side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) south-

east of Malade, Oneida County, Idaho (C. D. Walcott, 1906).

Obolus (Westonia) wasatchensis.

55e (=32p). (For stratigraphic position and association, see p. 152.) Middle Cambrian: Spence shale member
of the Ute limestone, about 100 feet (30.5 m.) above the Brigham quartzite [Walcott, 1908f, p. 197], at the

mouth of the first small canyon south of Wasatch Canyon, east of Lakeview Ranch, 5 miles (8 km.) north

of Brigham, Boxelder County, Utah (C. D. Walcott and L. D. Burling, 1906).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

Lingulella desiderata.

Acrothele subsidua.

Eocystites longidactylus Walcott.

Agnostus.

Ptychoparia piochensis Walcott.

Zacanthoides idahoensis Walcott

Neolenus 2 sp.

Bathyuriscus howelli Walcott.

Bathyuriscus productus (Hall and Whitfield).
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551i (=31m). (For stratigraphic position and association, see p. 149.) (C. D. Walcott, Stuart Walcott, and L. D.

Burling, 1906.)

Obolus. Agnostus.

Lingulella.
"

Ptychoparia.

Billingsella coloradoensis. Anomocare.

55n (=31h). (For stratigraphic position and association, see p. 150.) Middle Cambrian: About 1,850 feet (564 m.)

above the Brigham quartzite and 2,350 feet (716 m.) below the Upper Cambrian, in the limestone

forming 2g of the Bloomington formation [Walcott, 1908f, p. 195], in Blacksmith Fork Canyon, about 10

miles (16.1 km.) east of Hyrum, Cache County, Utah (C. T. Walcott and L. D. Burling, 1906).

Micromitra sculptills.

Ptychoparia.

Dorypyge.

55t (=31z). (For stratigraphic position and association, see p. 151.) (F. B. Weeks, 1905.)

Obolus (Westonia) ella.

Acrothele subsidua?.

Acrotreta ophirensis.

55u. (For stratigraphic position and association, see p. 158.) Middle Cambrian: Limestones about 200 feet (61 m.)

above the Lower Cambrian [Walcott, 19081, p. 171], 0.25 mile (0.4 km.) below the Maxfield mine, in

Big Cottonwood Canyon, on the west front of the Wasatch Mountains, southeast of Salt Lake City, Salt

Lake County, Utah (F. B. Weeks, 1905).

Micromitra (Iphidella) pannula.

*Linnarssonella urania.

56. (For stratigraphic position and association, see p. 139.) Upper? Cambrian: Limestone at Sierra Springs^

eastern base of Lookout Mountain, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D.
Walcott, 1880).

Lingulella desiderata.

Agnostus prolongus Hall and Whitfield.

Agnostus tumidosus Hall and Whitfield.

56a. Lower Cambrian: A limestone bowlder in the Sillery conglomerate on the south shore of St. Lawrence
River, 4 miles (6.4 km.) below Quebec, Canada (C. D. Walcott, 1889).

Ptychoparia cf. subcoronata (Hall and Whitfield).

Ptychoparia sp.

*Nisusia (Jamesella) amii.

Olenellus? sp.

Olenoides ellsi Walcott.

561). Lower Cambrian: A limestone bowlder in conglomerate on the south shore of the island of Orleans, below

Quebec, Canada (C. D. Walcott, 1889).

Obolella crassa. I Microdiscus connexus Walcott.

Hyolithes americanus Billings.
|
Ptychoparia sp.

56c. (For stratigraphic position and association, see p. 147.) Lower Cambrian: Rome ("Montevallo") shale-

along road just north of Buck Creek, 1.125 miles (1.8 km.) northeast of Helena, Shelby County, Ala.

(T. E. Williard, 1906).

*Micromitra (Paterina) major.

*Micromitra (Paterina) williardi.

*Obolus smithi.

Wimanella shelbyensis.

Psedeumias transitans Walcott.

*Wanneria halli Walcott.

Agraulos?.

Hyolithes.

56f. (For stratigraphic position and association, see p. 149.) Middle Cambrian: Nounan limestone [Walcott,

1908a, p. 6], on a ridge north of the creek which flows into Mill Canyon from the west, about 5 miles (8 km.)

west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County, Idaho (C. D..

Walcott and L. D. Burling, 1906).

Obolus matinalis.

*Lingulella manticula var.

Orthotheca.

Solenopleura.

Ptychoparia 2 sp.

Anomocare.

Agraulos.
|
Anomocarella.

56g. (For stratigraphic position and association, see p. 149). Upper Cambrian: Limestone of the St. Charles

limestone [Walcott, 1908a, p. 6], in the valley of the stream which flows into Mill Canyon from the west,

about 6 miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake-

County, Idaho (C. D. Walcott and L. D. Burling, 1906).

Platyceras.Obolus discoideus.

Acrotreta idahoensis.

Billingsella coloradoensis

Agnostus.

Ptychoparia.
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56o. (For stratigraphic position and association, see p. 147.) Middle Cambrian; Limestone in upper third of

Conasauga limestone, South Bessemer, Jeiiferson County, Ala. (T. E. Williard, 1906).

Acrotreta (same one as in 56u).

56c[. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone at the very top of the

Conasauga limestone in quarry at Ketona, about 5 miles (8 km.) northeast of Birmingham, Jefferson County,

-Ala. (T. E. Williard, 1906).

Lingulella quadrilateralis.

Ptychoparia sp.

66u. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone in upper third of

Conasauga limestone 700 feet (213.4 m.) southeast of Valley Creek bridge, near Nineteenth Street Road,

Bessemer, Jefferson County, Ala. (T. E. Williard, 1906).

Acrotreta (same one as in 56o).

57. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Shaly lime.'^tone of the Il^ldorado

limestone [Walcott, 1908f, p. 184], at the 700-foot (213.4 m.) level of the Richmond mine, Ruby Hill [Hague,

1892, p. 43 and PI. I, opposite p. 116], Eureka district, Eureka County, Nev. (C. D. Walcott, 1880).

Lingulella desiderata.

Lingulella punctata.

Acrotreta definita.

Agnostus bidens Meek.

Agnostus richmondensis Walcott.

Agnostus seclusus Walcott.

57b. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Limestones at the north end of

Mineral Hill, just south of Ruby Hill [Hague, 1892, p. 43, and PI. I, opposite p. 116], Eureka district,

Eureka County, Nev. (C. D. Walcott, 1880).

Lingulella desiderata.

57c (=57k). (For stratigraphic position and association, see p. 127.) Middle Cambrian: About 2,500 feet (762 m.)

above the Lower Cambrian and 2,475 feet (754 m.) below the Upper Cambrian, in the limestone forming 1

of the Stephen formation [Walcott, 1908f, p. 209], on Mount Bosworth, north of the Canadian Pacific Rail-

way between Hector and Stephen, on the Continental Divide between British Columbia and Alberta,

Canada (C. D. Walcott and L. D. Burling, 1907).

Micromitra zenobia.

Obolus mcconnelli.

Nisusia alberta var.

Hyolithes carinatus Matthew.

Ptychoparia,3 sp.

Menocephalus?.

Neolenus sp.

Bathyuriscus?.

57d. (For stratigraphic position and association, see p. 125.) Upper Cambrian: About 3,215 feet (980 m.) above
the Middle Cambrian and 375 feet (114.3 m.) below the top of the Upper Cambrian," in green shales near the

summit of 2b of the Sherbrooke limestone [Walcott, 1908f, p. 204], on ridge west of Mount Bosworth, on the

Continental Divide between Alberta and British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Lingulella isse.

57e. (For stratigraphic position and association, see p. 129.) Lower Cambrian: About 115 feet (35 m.) below the

Middle Cambrian, in limestone correlated with the top of Ic of the Mount Whyte formation on Mount
Bosworth [Walcott, 1908f, p. 213], just above the tunnel on the north shoulder of Mount Stephen, about

3 miles (4.8 km.) east of Field, British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Acrothele colleni.

Acrotreta sagittalis taconica.

Scenella varians Walcott.

Stenotheca elongata Walcott.

Albertella sp.

Olenellue canadensis Walcott.

Bathyuriscus sp.

57f. (For stratigraphic position and association, see p. 127.) Middle Cambrian: About 2,200 feet (670.5 m.) above
the Lower Cambrian and 2,800 feet (853.4 m.) below the Upper Cambrian, in the limestone forming 1 of

the Stephen formation [Walcott, 19081, p. 209], about 0.5 mile (0.8 km.) east of the great "fossil bed" on
the northwest slope of Mount Stephen, above Field on the Canadian Pacific Railway, British Columbia,
Canada (CD. Walcott and L. D. Burling, 1907).

Obolus mcconnelli. Orthotheca sp.

Acrotreta depressa. Scenella varians Walcott.

Nisusia (Jamesella) cf. nautes. Ptychoparia sp.

Hyolithes carinatus Matthew.

a See the lootnote on page 125.
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67g. (For stratigraphic position and association, see p. 128.) Middle Cambrian: About 1,700 feet (518 m.) above

the Lower Cambrian and 3,250 feet (991 m.) below the Upper Cambrian, in the siliceous shales forming

2d of the Stephen formation [Walcott, 1908f, p. 211], on Mount Bosworth, north of the Canadian Pacific

Railway between Hector and Stephen, on the Continental Divide between British Columbia and Alberta,

Canada (C. D. Walcott and L. D. Burling, 1907).

Micromitra (Iphidella) pannula.

Obolus (Westonia) ella.

Cruziana.

Hyolithes.

Leperditia.

Ptychoparia.

Bathyuriscus.

57j. (For stratigraphic position and association, see p. 127.) Middle Cambrian: About 2,000 feet (609.6 m.) above

the Lower Cambrian, in the limestone forming 2 of the Stephen formation [Walcott, 1908c, p. 237 (6)], just

east of the "fossil bed" on the northwest slope of Mount Stephen, above Field on the Canadian Pacific

Railway, British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Micromitra (Iphidella) pannula.

Nisusia alberta var.

Hyolithes.

Bathyuriscus rotundatus (Rominger).

Neolenus serratus (Rominger).

57k (=57c). (For stratigraphic position and association, see p. 127.) (C. D. Walcott and L. D. Burling, 1907.)

Obolus mcconnelli.

Nisusia alberta var.

Agnostus.

Agraulos.

Ptychoparia.

Neolenus.

.S7iii. (For stratigraphic position and association, see p. 129.) Lower Cambrian: About 50 feet (15 m.) below the

Middle Cambrian, in a siliceous shale correlated with lb of the Mount Whyte formation on Mount Bosworth

[Walcott, 1908f, p. 213], just above the tunnel on the north shoulder of Mount Stephen, about 3 miles (4.8

km.) east of Field, British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Micromitra (Paterina) sp.

Acrotreta sagittalis taconica.

Nisusia (Jamesella) lowi.

Cystid plates.

Scenella varians Walcott.

Hyolithes.

Hyolithellus cf. micans (Billings).

Olenellus canadensis Walcott.

57n. (For stratigraphic position and association, see p. 127.) Middle Cambrian: About 3,000 feet (914.4 m.)

above the Lower Cambrian and about 700 feet (213.4 m.) above the base of a limestone correlated with

4 of the Eldon limestone on Mount Bosworth [Walcott, 1908f, p. 209], .on the northwest slope of Mount

Stephen, above Field on the Canadian Pacific Railway, British Columbia (C. D. Walcott and L. D.

Burling, 1907).

Lingulella cf. isse.

Protospongia (spicules).

Hyolithes.

Agnostus cf. montia Matthew.

Zacantlioides spinosus (Walcott).

Ptychoparia.

Bathyuriscus.

Ogygopsis.

57r (=58s). (For stratigraphic position and association, see p. 129.) (L. D. Burling, 1907.)

Micromitra (Paterina) labradorica var. I Acrotreta sagittalis taconica.

Micromitra (Iphidella) pannula.
I

Ptychoparia 3 sp.

S7s. (For stratigraphic position and association, see p. 129.) Lower Cambrian: About 160 feet (49 m.) below the

Middle Cambrian, near the base of the gray oolitic limestone forming lb of the Mount Whyte formation

[Walcott, 1908f, p. 212], on Mount Bosworth, north of the Canadian Pacific Railway between Hector and

Stephen, on the Continental Divide between British Columbia and Alberta, Canada (C. D. Walcott, 1907).

Nisusia (Jamesella) lowi.

Acrotreta sagittalis taconica.

Microdiscus?.

Agraulos sp.

Ptychoparia sp.

87y. (For stratigraphic position and association, see p. 128.) Middle Cambrian: About 1,900 feet (579 m.) above

the Lower Cambrian and 3,050 feet (930 m.) below the Upper Cambrian, in the siliceous shales forming

2a of the Stephen formation [Walcott, 1908f, p. 211], on Mount Bosworth, north of the Canadian Pacific

Railway between Hector and Stephen, on the Continental Divide between British Columbia and

Alberta, Canada (C. D. Walcott and L. D. Burling, 1907).

Obolus (Westonia) ella?.
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58. (For Btratigraphic position and association, see p.

of Secret Canyon shale, east side of New York

Eureka County, Nev. (C. D. Walcott, 1880).

Micromitra sculptilis.

Micromitra (Paterina) crenistria?.

Obolus discoideus.

Obolus maera.

Obolus mcconnelli.

Obolua nundina.

*Obolus (Acritis) rugatus.

*Lingulella clarkei.

Lingulella desiderata.

*Lingulella punctata.

*Acrotliele dichotoma.

*Acrotreta idahoensis alta.

Acrotreta microscopica.

139.) Middle Cambrian: Shaly limestones m upper beds

and Secret canyons. Eureka district [Hague, 1892, Atlas],

Protospongia fenestrata Salter.

Hyolithes primordialis Hall.

Agnostus bideng Meek.

Agnostus communis Hall and \ATiitfield.

Agnostus neon Hall and Whitfield.

*Agnostus seclusus Walcott.

Agnostus tumidosus Hall and Whitfield.

Ptychoparia anytus (Hall and Whitfield).

Ptychoparia haguei (Hall and Whitfield).

*Ptychoparia Iseviceps Walcott.

Ptychoparia? linnarssoni Walcott.

Ptychoparia unisulcatus (Hall and ^^^litfield).

Ogygia? problematica Walcott.

58f. (For Btratigraphic position and association, seep. 125.) Upper Cambrian: About 3,100 feet (945 m.) above

the Middle Cambrian, in the limestone interbedded in the shales forming 2b of the Sherbrooke limestone

[Walcott, 1908f, p. 204], ridge west of Mount Bosworth, on the Continental Divide between Alberta and

British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Obolus sp.

S8i. (For Btratigraphic position and association, seep. 127.) Middle Cambrian: About 1,225 feet (373 m.) above

the Lower Cambrian, in the shales of the Stephen formation [Walcott, 1908a, p. 3], northeast slope of Castle

Mountain, facing the amphitheater north of the Canadian Pacific Railway, Alberta, Canada (C. D. Walcott

and L. D. Burling, 1907).

Obolus mcconnelli.

58j. (For Btratigraphic position and association, seep. 127.) Middle Cambrian: About 1,900 feet (579 m.) above

the Lower Cambrian and 3,100 feet (945 m.) below the Upper Cambrian, near the base of the limestone

forming 2 of the Stephen formation [Walcott, 1908c, p. 238 (7)], on the east side of Mount Stephen, about

3,000 feet (914 m.) above the Canadian Pacific Railway track 3 miles (4.8 km.) east of Field, British

Columbia (C. D. Walcott and L. D. Burling, 1907).

Micromitra (Iphidella) pannula.

Obolus mcconnelli.

Acrothele subsidua.

Acrotreta depressa.

Hyolithes sp.

Agnostus mentis Matthew.

Agraulos sp.

Ptychoparia sp.

Zacanthoides sp.

Bathyuriscus sp.

Albertella sp.

58k (same horizon as 58p). (For stratigraphic position and association, see p. 129.) Lower Cambrian: Just below

the Middle Cambrian, in limestones forming 1 of the Mount Whyte formation [Walcott, 1908c, p, 240 (9)],

just above the tunnel on the north shoulder of Mount Stephen, about 3 miles (4.8 km.) east of Field, British

Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Acrotreta sagittalis taconica.

Nisusia alberta var.

*Nisusia (Jamesella) lowi.

Stenotheca elongata Walcott.

Scenella varians Walcott.

Platyceras sp.

Hyolithes billingsi Walcott.

Ptychoparia sp.

Crepicephalus sp.

Protypus sp.

Albertella sp.

581. (For stratigraphic position and association, see p. 128.) Middle Cambrian: About 1,830 feet (557.8 m.) above

the Lower Cambrian, in the limestone forming 3b of the Stephen formation [Walcott, 1908c, p. 238 (7)], on
the east side of Mount Stephen, about 3,000 feet (914.4 m.) above the Canadian Pacific Railway track, 3.5

miles (5.6 km.) east of Field, British Columbia (C. D. Walcott and Mr. and Mrs. L. D. Burling, 1907).

Micromitra zenobia.

Lingulella desiderata.

* Billingsella marion.

62667°—VOL 51, pt 1-

Hyolithes sp.

Microdiscus sp.

Ptychoparia sp.
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68p (same horizon as 58k). (For stratigraphic position and association, see p. 129.) Lower Cambrian: Drift

block of limestone believed to have come from the limestone forming 1 of the Mount 'Whyte formation

[Walcott, 1908c, p. 240 (9)], found near the Canadian Pacific Railway track just west of the tunnel, 3 miles

(4.8 km.) east of Field, British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Nisusia alberta var. I Hyolithes billingsi Walcott.

Nisusia (Jamesella) lowi.
I

Ptychoparia.

58r. (For stratigraphic position and association, seep. 127.) Middle Cambrian: About 1,800 feet (548.6 m.) above

the Lower Cambrian and 3,200 feet (975.4 m.) below the Upper Cambrian, in the limestones forming 2 of

the Stephen formation [Walcott, 1908f, p. 211], in the amphitheater between Mounts Stephen and Dennis,

above Field on the Canadian Pacific Railway, British Columbia, Canada (C. D. Walcott and L. D. Burling,

1907).

Ptychoparia.

Neolenus serratus (Rominger).

Ogygopsis klotzi (Rominger).

Obolus mcconnelli.

Acrotreta depressa.

Hyolithellus annulatus (Matthew).

58s (=57r). (For stratigraphic position and association, see p. 129.) Lower Cambrian: About 150 feet (46 m.)

below the Middle Cambrian, near the base of the limestones forming 3 of the Mount Whyte formation [Wal-

cott, 1908c, p. 241 (10)], just above the tunnel on the north shoulder of Mount Stephen, about 3 miles

(4.8 km.) east of Field, British Columbia, Canada (C. D. Walcott and L. D. Burling, 1907).

Micromitra (Paterina) labradorica var. I Acrotreta sagittalis taconica.

Micromitra (Iphidella) pannula.
I

Ptychoparia 3 sp.

58t, (For stratigraphic position and association, see p. 129.) Lower Cambrian: Sandy shale about 150 feet (45.7 m.)

below the Middle Cambrian, just below the big cliff on the east shoulder of Castle Mountain, north of the

Canadian Pacific Railway, Alberta, Canada (L. D. Burling and Stuart Walcott, 1907).

Obolus parvus.

S8w. (For stratigraphic position and association, seep. 127.) Middle Cambrian: About 1,300 feet (396 m.) above

the Lower Cambrian, in the shales of the Stephen formation [Walcott, 1908a, p. 3], northeast slope of Castle

J,
Mountain, facing the amphitheater north of the Canadian Pacific Railway, Alberta, Canada (C. D. Wal-

cott and L. D. Burling, 1907).

Obolus mcconnelli.

58z. (For stratigraphic position and association, seep. 128.) Middle Cambrian: About 1,875 feet (572 m.) above

the Lower Cambrian and 3,100 feet (945 m.) below the Upper Cambrian, in the limestone forming 2b of the

Stephen formation [Walcott, 1908f, p. 211], on Mount Bosworth, north of the Canadian Pacific Railway

between Hector and Stephen, on the Continental Divide between British Columbia and Alberta, Canada'

(C. D. Walcott and L. D. Burling, 1907).

Micromitra zenobia. Ptychoparia.

Nisusia alberta var. Neolenus.

Menocephalus.

59. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Limestone at the base of the western

•slope of Combs Peak, near the plain of Antelope Valley, Eureka district [Hague, 1892, Atlas], Eureka County,

Nev. (C. D. Walcott, 1880).

Lingulella arguta. I Agnostus tumidosus Hall and Whitfield.

Acrotreta attenuata.
|
Dorypyge ? quadriceps (Hall and Whitfield).

59f. (For stratigraphic position and association, seep. 152.) Middle Cambrian: Limestones immediately under-

lying the Spence shale member of the Ute limestone [M^alcott, 1908a, p. 8], in a saddle north of the creek

which flows into Mill Canyon from the west, about 5 miles (8 km.) west-southwest of Liberty and 15 miles

(24.2 km.) west of Montpelier, Bear Lake County, Idaho (C. D. Walcott, jr., and L. D. Burling, 1907).

Micromitra (Iphidella) pannula

Lingulella desiderata.

Acrotreta pyxidicula,

Solenopleura sp.

Neolenus sp.

Anomocare sp.

Ptychoparia sp.

Agraulos sp.

Stenotheca sp.

Zacanthoides sp.

(For stratigraphic position and association, see p. 151.) Middle Cambrian: Limestones immediately over-

lying the Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], in a saddle north of the creek

which flows into Mill Canyon from the west, about 5 miles (8 km.) west-southwest of Liberty and 15 miles

(24.2 km.) west of Liberty, Bear Lake County, Idaho (C. D. Walcott, jr., and L. D. Burling, 1907).

Lingulella sp.

Acrothele subsidua.

Acrotreta cf. idahoensis.

Ptychoparia 3 sp.

Neolenus.

Microdiscus.

Zacanthoides idahoensis Walcott.

Menocephalus.
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59ni. (For stratigraphic position and association, see p. 147.) Lower Cambrian: Weisner quartzite in the Roan

iron mine, Bartow County, Ga. (S. W. McCallie, 1900).

Obolella cf. atlantica.

Obolella cf. crassa.

Archaeocyathus?

.

Stenotheca cf. rugosa (Hall).

Olenellus thompsoni (Hall).

60. (For stratigraphic position and association, see p. 139.) Middle Cambrian: Limestones in upper beds of

Secret Canyon shale, across the canyon from the dump of the old Richmond mine shaft. Eureka district

[Hague, 1892, Atlas], Eureka County, Nev. (0. D. Walcott, 18801

Agnostus prolongus Hall and Whitfield.

Ptychoparia maculosa (Hall and A\Tiitfield).

Ptychoparia unisulcata (Hall and Whitfield).

Lingulella clarkei.

Lingulella desiderata.

Lingulella sp.

Acrotreta pyxidicula.
I

60b. (For stratigraphic position and association, seep. 130.) Lower Cambrian: About 2,300 feet (702 m.) below

the Mount Whyte formation and 200 to 300 feet (61 to 92 m.) above the Lake Louise shale, in the St. Piran sand-

stone [T\falcott, 1908a, p. 4], at Vermilion Pass, on the Continental Divide between British Columbia and

Alberta, west-southwest of Castle on the Canadian Pacific Railway, Alberta, Canada (C. D. Walcott, 1909).

* Obolella vermilionensis.

Wanneria gracile Walcott.

61. (For stratigraphic position and association, seep. 139.) Upper Cambrian: Limestone in the Dunderberg shale

[Walcott, 1908f, p. 184], a little Auth of the Hamburg mine. Eureka district [Hague, 1892, Atlas], Eureka

County, Nev. (C. D. Walcott and C. H. H., 1882).

Micromitra sculptilis.

Obolus anceps.

Obolus msera.

Obolus nundina.

Lingulella desiderata.

Lingulella manticula.

Lingulella punctata.

Acrotreta attenuata.

Acrotreta idahoensis.

Acrotreta idahoensis alta.

*Acrotreta spinosa.

Acrotreta sp.

Agnostus prolongus Hall and Whitfield.

Agnostus tumidosus Hall and Whitfield.

Ptychoparia granulosa (Hall and Whitfield).

Ptychoparia maculosa (Hall and Whitfield).

Ptychoparia unisulcata (Hall and Whitfield).

62. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Limestone in the Dunderberg shale

[Walcott, 1908f, p. 184], in canyon immediately north of Adams Hill, Eureka district [Hague, 1892, Atlas],

Eureka County, Nev. (CD. Walcott, 1880).

Micromitra sculptilis.

Obolus discoideus.

Lingulella manticula.

Lingulella punctata.

Acrotreta spinosa.

Agnostus prolongus Hall and Whitfield.

Ptychoparia breviceps (Walcott).

Arethusina americana Walcott.

62a. (For stratigraphic position and association, seep. 139.) Upper Cambrian: Limestone on east side of Sierra

Canyon, opposite the Jackson mine, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D,

Wa:lcott, 1880).

Acrotreta spinosa.

Ptychoparia granulosa (Hall and Whitfield).

Ptychoparia simulator (Hall and Whitfield).

63. (For stratigraphic position and association, see p. 139.) Lower Ordovician: At the base of the Pogonip lime-

stone northeast of Adams Hill, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D. Walcott,

1880).

*Obolus anceps. I
Schizambon?.

*Elkania ambigua. Syntrophia nundina.

Acrotreta idahoensis alta.
I

64. (For stratigraphic position and association, seep. 139.) Upper Cambrian: Limestone near the Bullwhacker

mine, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D. Walcott, 1880).

Obolus discoideus.

Obolus (Westonia) iphis.

Agnostus prolongus Hall and Whitfield.

65. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Limestone on the eaat side of Sierra

Canyon, opposite Pinnacle Peak, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (Arnold Hague

and J. P. Iddings, 1880).

Acrotreta idahoensis alta.

Acrotreta spinosr,.
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66. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Dunderberg shale [Walcott,

1908f
,
p. 184], on tbe first ridge north of the Dunderberg mine, Eureka district [Hague, 1892, Atlas], Eureka

County, Nev. (C. D. Walcott, 1880).

Obolus discoideus.

Agnostus prolongus Hall and Whitfield.

Arethusina americana Walcott.

67 (^67c). Upper Cambrian: Sandstone on Tatur Hill, 7 miles (11.2 km.) northwest of Burnet, Burnet County,

Tex. (C. D. Walcott, 1884).

Obolus matinalis.

Obolus sinoe.

Lingulella acutangula.

Acrotreta microscopica.

Ptychoparia affinis (Walcott).

Ptychoparia diademata (Hall).

67c (=67).

Obolus matinalis.

Lingulella acutangula.

Lingulella perattenuata.

67z. Upper Cambrian: Sandstone at west

County, Tex. (C. D. Walcott, 1884).

Obolus matinalis.

Ptychoparia burnetensis Walcott.

68 (=68e, 68y, and 68z). Upper Cambrian:

County, Tex. (C. D. Walcott, 1884).

Obolus matinalis.

Obolus tetonensis ninus.

Lingulella acutangula.

Acrotreta microscopica.

Billingsella coloradoensis.

Eoorthis indianola?.

Eoorthis remnicha texana.

Eoorthia wichitaensis.

Eoorthis wichitaensis laeviusculus.

*Huenella texana.

Ptychoparia llanoensis Walcott.

Ptychoparia? metra Walcott.

Ptychoparia? urania Walcott.

Ptychoparia wisconsinensis (Owen).

Anomocare pero (Walcott).

base of Tatur Hill, 7 miles (11.2 km.) northwest of Burnet, Burnet

Interbedded sandstone and limestone, Packsaddle Mountain, Llano

Platyceras texanum Walcott.

Ptychoparia affinis (Walcott). .

Ptychoparia diademata (Hall).

Ptychoparia llanoensis Walcott.

Ptychoparia similis Walcott.

Ptychoparia? urania Walcott.

Agraulos convexus Whitfield.

Anomocare pero (Walcott).

Chariocephalus sp.

68e (=68).

Lingulella acutangula.

Acrotreta microscopica.

Billingsella coloradoensis.

68y (=68).

Obolus sinoe.

Lingulella perattenuata.

68z (=68).

Obolus matinalis.

69. Upper Cambrian: Limestone near Honey Creek, Burnet County, Tex. (C. D. Walcott, 1884).

Obolus sinoe.

Lingulella acutangula.

Lingulella texana.

Lingulella (Lingulepis) acuminata.

Acrotreta microscopica.

.Billingsella coloradoensis.

*Syntrophia alata.

Huenella texana.

Huenella texana Iseviusculus.

Capulus sp.

Ptychoparia affinis (Walcott).

Ptychoparia diademata (Hall).

Ptychoparia llanoensis Walcott.

Anomocare pero (Walcott).

Pterocephalia sancti-sabse Roemer.

Chariocephalus tumifrons Hall and Whitfield.
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70(=70aaiid70e)

Obolus sinoe.

Lingulella acutangula.

Lingulella perattenuata.

*Lingulella texana.

Lingulella (Lingulepis) acuminata.

Billingsella coloradoensis.

Capulus?.

Cystidean plates.

Ptychoparia diademata (Hall)

Ptychoparia pattersoni Hall.

Upper Cambrian: Limestone near Morgans Creek, Burnet County, Tex. (C. D. Walcott,

Ptychoparia perseus Hall var.

Ptychoparia romerei (Shumard).

Ptychoparia suada Walcott.

Ptychoparia wisconsinensis (Owen).

Agraulos convexus Whitfield.

Anomocare pero (Walcott).

Pterocephalia sancti-sabae Roemer.

Chariocephalus tumifrons Hall and Whitfield.

Ptychaspis granulosa (Owen).

70a (=70).

Billingsella coloradoensis.

nisenurus? dia Walcott.

Ptychoparia occiden^ Walcott.

70e (=70).

Lingulella acutangula.

*Acrotreta microscopica.

Billingsella coloradoensis.

71. Upper Cambrian: Limestone in Cold Creek

Obolus matinalis.

Obolus sinoe.

Acrotreta microscopica.

Billingsella coloradoensis.

Eoorthis iddingsi.

Eoorthis indianola.

*Eoorthis remnicha texana.

Ptychoparia wisconsinensis (Owen).

Dikellocephalus belli Billings.

Dikellocephalus minnesotensis Owen.

Burnet County, Tex. (C. D. Walcott,

Eoorthis wichitaensis.

Huenella texana.

*Huenella texana Iseviusculus.

Ptychoparia affinis (Walcott).

Ptychoparia wisconsinensis (Owen).

Agraulos convexus Whitfield.

Anomocare pero (Walcott).

72 (same horizon as 72a). Lower Cambrian: Limestone 5 miles (8 km.) east of Albany, Rensselaer County, N. Y.

(C. D. Walcott and T. N. Dale, 1893).

Obolus prindlei.

72a (same horizon as 72). Lower Cambrian: Limestone 1 mile (1.6 km.) southwest of Wynantskill, Rensselaer

County, N. Y. (L. M. Prindle, 1893).

*Obolus prindlei.

73. Middle Cambrian: Sandstones of the Tonto group in Kwagunt Valley, Grand Canyon of the Colorado, Ariz.

(C. D. Walcott, 1882).

Obolus (Westonia) chuarensis.

*Lingulella lineolata.
V;

73a. Middle Cambrian: "Tonto" sandstone in Chuar Valley, Grand Canyon of the Colorado, Ariz. (C. D. Wal-

cott, 1882).

*Micromitra (Paterina) superba. I *Obolus (Westonia) chuarensis.

Micromitra (Iphidella) pannula. |
Lingulella lineolata.

73b. Middle Cambrian: Sandstone in upper part of the Tonto group, lower portion of Kwagunt Valley, Grand

Canyon of the Colorado, Ariz. (C. D. Walcott, 1882).

Micromitra (Paterina) crenistria.

74. Middle Cambrian: Sandstone about 300 feet (91.4 m.) above the base of the Tonto group at the head of

Nunkoweap Valley, Grand Canyon of the Colorado, Ariz. (C. D. Walcott, 1882).

Micromitra pealei.

*Micromitra (Paterina) crenistria.

Micromitra (Paterina) superba.

Micromitra (Iphidella) pannula.

*Obolus zetus.

Obolus (Westonia) chuarensis.

*Obolus (Westonia) euglyphus.

Lingulella lineolata.

Lingulella perattenuata.

*Billingsella obscura.

74b. MiddlQ Cambrian: Sandstone 1,000 feet (305 m.) above the base of the Tonto group, Nunkoweap Valley,

Grand Canyon of the Colorado, Ariz. (C. D. Walcott).

Obolus (Westonia) chuarensis.
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74c. Middle Cambrian: "Tonto" sandstone at tlie head of Lava Canyon, Grand Canyon of the Colorado, Amz.

(C. D. Walcott, 1883).

Obolus (Westonia) euglyphus.

74d. Middle Cambrian: Sandstone beds in "Tonto" shale just above massive sandstones, near mouth of Bass

Canyon, on the south side of the Grand Canyon of the Colorado, southeast of Powells Plateau, Ariz. (C. D.

Walcott, 1901).

Lingulella perattenuata.

*Lingulella (Lingulepis) spatula.

Micromitra (Paterina) superba.

Micromitra (Iphidella) pannula.

Lingulella lineolata.

75. Upper Cambrian: Thin-bedded limestones below the base of the Ordovician in the Tonto group, near the

water's edge at the mouth of Kanab Canyon, Grand Canyon of the Colorado, Ariz. (C. D. Walcott, 1879).

Obolus zetus.

Lingulella winona convexa.

*Nisusia? (Jamesella?) kanabensis.l „, . . ,, , ,

*p t 'tVi rlt f
These species may not occur m the same bed.

76. Upper Cambrian: Arenaceous limestone at Hoyt's quarry, 4 miles (6.4 km.) west of Saratoga Springs, Sara-

toga County, N. Y. (C. D. Walcott and Cooper Curtice, 1883).

Lingulella (Lingulepis) acuminata.

Dikellocephalus.

76a. Upper Cambrian: Arenaceous limestone in a raQroad quarry 1 mile (1.6 km.) north of Saratoga Springs,

Saratoga County, N. Y. (C. D. Walcott and Cooper Curtice, 1883).

Lingulella (Lingulepis) acuminata.

77. Upper Cambrian: Sandstone near the water below the falls at the high bridge, and also at several horizons

in the section, the highest point being 70 to 75 feet (21 to 22 m.) above the water, in Ausable Chasm, Essex

County, N. Y. (C. D. Walcott and Cooper Curtice, 1883 and 1886).

*Lingulella prima.

Lingulella (Lingulepis) acuminata.

78 (=78s). Upper Cambrian: "St. Croix sandstone," quarry near St. Croix River, in suburbs of Osceola, Polk

County, Wis. (L. C. Wooster, 1883).

*Finkelnburgia osceola.

*Finkelnburgia osceola corrugata.

Syntrophia barabuensis.

Ulaenurus quadratus Hall

.

Spirodentalium osceola Walcott.

Bellerophon antiquatus Whitfield.

Obolus (Westonia) aurora.

Lingulella mosia.

*Lingulella mosia osceola.

Lingulella winona.

^Lingulella winona convexa.

Billingsella coloradoensis.

Finkelnburgia finkelnburgi.

78a. Upper Cambrian: "St. Croix sandstone" in the topmost quarry on Mount Washington, near Eau Claire,

Eau Claire County, Wis. (L. C. Wooster, 1883).

Obolus sp. undt.
|

*Agraulos? thea Walcott.

Dicellomus pectenoides. Crepicephalus iowensis (Hall).

Dicellomus politus. I

78b. Upper Cambrian: "St. Croix sandstone" 50 feet (15.2 m.) above St. Croix River, near the landing at

Osceola, Polk County, Wis. (Cooper Curtice, 1884).

Lingulella mosia.

Lingulella similis.

Finkelnburgia osceola.

78c. Upper Cambrian: "St. Croix sandstone" at Osceola, Polk County, Wis. (C. Schuchert, 1893).

Obolus (Westonia) aurora.
|

Lingulella winona.

Lini»ulella oweni:
I

Lingulella winona convexa.

78d. Upper Cambrian: The upper portion of the "St. Croix sandstone" exposed in the bluffs at La Crosse,

La Crosse County, Wis. (C. D. Walcott, 1898).

Obolus matinalis.

78s (=78). (C. Schuchert, 1893.)

Obolus (Westonia) aurora. Finkelnburgia finkelnburgi.

Lingulella mosia. Finkelnburgia osceola.

Lingulella mosia osceola. Finkelnburgia osceola corrugata.

Lingulella winona convexa.



LOCALITIES. 215

79. Upper Cambrian: "St. Croix sandstone" in bluff near Hudson, St. Croix County, Wis. (L. C. Woo^^er, 1883).

Lingulella winona convexa.

Lingulella (Lingulepis) acuminata.

Billingsella coloradoensis.

Ptychoparia wisconsinensis (Owen).

Obolus mat.inalis.

*Obolus mickwitzi.

Obolus (Westonia) aurora.

Lingulella mosia.

Lingulella winona.

79' (=79, though from a slightly different horizon). (Chas. Schuchert, 1893.)

Obolus matinalis.

Obolus mickwitzi.

79a. LTpper Cambrian: "St. Croix sandstone," quarry and ledge 0.5 mile (0." km.) southeast of the county

courthouse, Menomouie, Dunn County, Wis. (L. C. Wooster, 1883).

Lingulella winona convexa.

*Protorthis Isevis.

Billingsella coloradoensis.

Eoorthis sp.

Finkelnburgia osceola.

79b. Upper Cambrian: "St. Croix sandstone" in shaly beds 4 feet (1.2 m.) above the water, near Hudson, St.

Croix County, Wis. (J. F. James, 1889).

Obolus matinalis. I Lingulella (Lingulepis) acuminata.

Obolus mickwitzi.
I
Finkelnburgia osceola.

79s. Upper Cambrian: "St. Croix sandstone" in bluff near Hudson, St. Croix County, Wis. (C. Schuchert,

1893).

Lingulella mosia.

Dicellomus politus.

79x. Middle Cambrian: "St. Croix sandstone" near the flour mill on Beaver Creek, north of Galesville, Trem-
pealeau County, Wis. (Cooper Curtice, 1882; L. C. Wooster, 1883). (See p. 159.)

Lingulella (Lingulepis) acuminata.

Dicellomus politus.

80. Upper Cambrian: "St. Croix sandstone" 0.66 mile (1.1 km.) southwest of the railway depot, Menomonie,

Dunn County, Wis. (L. C. Wooster, 1883).

Lingulella ampla.
|

Dicellomus politus.

Lingulella winona convexa.
|

Finkelnburgia osceola.

80a. Upper Cambrian: "St. Croix sandstone" 4 miles (6.4 km.) north of Reedsburg, Sauk County, Wis. (L. C.

Wooster, 1883).

Lingulella similis.

Billingsella coloradoensis.

*Eoorthis remnicha.

Eoorthis remnicha sulcata.

Finkelnburgia osceola.

81. Upper Cambrian: "St. Croix sandstone" 1 mile (1.6 km.) east-northeast of Devils Lake, Sauk County, Wis.

(L. C. Wooster, 1883).

Finkelnbm-gia finkelnburgi.

81b. Upper Cambrian: "St. Croix sandstone" near Devils Lake, Sauk County, Wis. (Cooper Curtice, 1884).

Obolus (Westonia) stoneanus. I Finkelnburgia finkelnbm-gi.

*Eoorthis diablo.
I

Syntrophia barabuensis.

81o. Upper Cambrian: "St. Croix sandstone" on the railroad track below the Cliff House, Devils Lake, Sauk

County, Wis. (J. F. James, 1889).

Syntrophia barabuensis.

83 (see 82s). Upper Cambrian: "St. Croix sandstone" on the bank of St. Croix River, at St. Croix Falls, Pollc

County, Wis. (L. C. Wooster, 1883).

Lingulella (Lingulepis) acuminata.

82a. Upper Cambrian: "St. Croix sandstone" 25 feet (7.6 m.) above the water level, near the Knapp, Stout and

Company's buildings, Menomonie, Dunn County, Wis.

Obolus matinalis.

Lingulella phaon.

82b (see 339d; may be same locality). Upper Cambrian: "St. Croix sandstone" along the railroad track near

Taylors Falls, Chisago County, Minn. (W. A. Finkelnburg).

*Curticia elegantula.

Obolus matinalis.

Dicellomus politus
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82c. Upper Cambrian: Conglomerate beds in the "St. Croix sandstone" in point below Franconia, Chisago
County, Minn. (W. A. Finkelnburg).

Lingulella similis.

82s (see 82). Upper Cambrian: "St. Croix sandstone" on the bank of St. Croix River, St. Croix Falls, Polk
County, Wis. (C. Schuchert, 1893).

Obolus matinalis.

Lingulella (Lingulepis) acuminata.

83. Upper Cambrian: "St. Croix sandstone" near Trempealeau, Trempealeau County, Wis. (Cooper Curtice

and G. H. Squiers, 1884).

Finkelnburgia osceola.

Syntrophia barabuensis.

Chariocephalus whitfieldi Hall.

Obolus matinalis.

Dicellomus politus.

Eoorthis diablo.

*Finkelnburgia finkelnburgi.

83' (=135c). (Chas. Schuchert, 1893.)

Billingsella coloradoensis.

Finkelnburgia finkelnburgi.

Finkelnburgia osceola.

83-^ Upper Cambrian: Green-sand horizon in the "St. Croix sandstone," below the "fifth trilobite bed" of

Owen, at Trempealeau, Trempealeau Coimty, Wis. (Chas. Schuchert, 1893).

Billingsella coloradoensis.

Chariocephalus whitfieldi Hall.

83*. Middle Cambrian: "St. Croix sandstone," in beds characterized by the presence of Crepicephalus iowensis,

at Trempealeau, Trempealeau County, Wis. (C. Schuchert, 1893). (See p. 159.)

Obolus matinalis.

84. Middle Cambrian: "St. Croix sandstone" at Dresbach, opposite the mouth of Black River, Winona County,

Minn. (Cooper Curtice, 1884). (See p. 159.)

Lingulella (Lingulepis) acuminata.

Dicellomus politus.

Obolus namouna.

Obolus rhea.

Lingulella ampla.

84a. Upper Cambrian: "St. Croix sandstone," River Junction, Houston County, 20 miles ("32.2 km.) below

Dresbach, Minn. (Cooper Curtice, 1884).

Lingulella phaon." I Dikellocephalus misa Hall.

Billingsella coloradoensis. Chariocephalus whitfieldi Hall.

Syntrophia primordialis.
I

84f. Middle Cambrian: "St. Croix sandstone" at Dresbach, opposite the mouth of Black River, Winona
County, Minn. (W. A. Finkelnburg, 1897). (See p. 159.)

Lingulella ampla.

Dicellomus politus.

84s. Middle Cambrian: "St. Croix sandstone" near Dakota, Winona County, Minn. (Chas. Schuchert, 1893).

(See p. 159.)

Lingulella ampla.

Lingulella (Lingulepis) acuminata.

Dicellomus politus.

85 (=85s). Upper Cambrian: "St. Croix sandstone" at Prairie du Sac, Sauk County, Wis. (Cooper Curtice, 1884).

Obolus (Westonia) stoneanus.

*Lingulella mosia.

8Sa. Upper Cambrian: "St. Croix sandstone" at Brown's quarry, Prairie du Sac, Sauk County, Wis. (Cooper

Curtice, 1884).

Lingulella oweni.

85s (=85, though possibly from a slightly different bed). Upper Cambrian: "St. Croix sandstone" at Prairie du

Sac, Sauk County, Wis. (Chas. Schuchert, 1893).

Obolus (Westonia) aurora.

*Obolus (Westonia) stoneanus.

Lingulella mosia.

Lingulella oweni.

Lingulella winona.

Lingulella winona convexa.

lUsenurus quadratus Hall.

Dikellocephalus minnesotensis Owen.
Dikellocephalus pepinensis Owen.

a May be from a horizon different from that of the other species.
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85x. Upper Cambrian: Upper beds of the "St. Croix Bandatone" near Mazomanie, Dane County, Wis. (Cbaa.

Schuchert, 1893).

Obolus (Westonia) stoneanus.

Lingulella mosia.

Lingulella winona.

Lingulella winona convexa.

Finkelnburgia osceola.

Dikellocephalus sp.

S85x (=85x, though possibly from a slightly different bed).

*Obolus (Westonia) aurora.

Lingulella mosia.

Lingulella winona convexa.

85z. Upper Cambrian: "St. Croix sandstone" at Madison, Dane County, Wis. (L. C. Wooster, 1883; Cooper Cur-

tice, 1884; and J. James, 1889).

Lingulella oweni.

86. Upper Canibrian: "St. Croix sandstone" at Van Ness quarry, Gibraltar Bluff, Lodi, Columbia County, Wis.

(L. C. Wooster, 1883; Cooper Curtice, 1884).

Obolus (Westonia) aurora.

Lingulella mosia.

*Lingulella oweni.

86a. Upper Cambrian: "St. Croix sandstone" near Red Wing, Goodhue County, Minn. (Cooper Curtice, 1884).

Lingulella similis. I *Otusia sandbergi.

Billingsella coloradoensis.
j
*Eoorthis remnicha."

87. Lower Cambrian: Limestone 1 mile (1.6 km.) south-southwest of Highgate Falls, Franklin County, Vt. (C. D.
Walcott, 1885).

Micromitra (Paterina) labradorica swantonensis.

Obolus? sp. undt.

*Lingulella franklinensis.

87'. Upper Cambrian: Limestone 1 mile (1.6 km.) south-southwest of Highgate Falls, Franklin County, Vt.

*Obolus sp. undt. d.

This species is labeled as coming from locality No. 87, but horizon is given as Upper Cambrian instead of Lower
Cambrian.

88a. Middle Cambrian: Limestone about 100 feet (30.5 m.) above the quartzitic sandstone at the base of the

Cambrian, in the northern suburbs of Deadwood, in the Black Hills, South Dakota (C. D. Walcott,- 1887).

Acrotreta idahoensis.

Ptychoparia vacuna Walcott.

Liostracus panope (Walcott).

Lingulella ampla.

Lingulella desiderata.

*Lingulella similis.

*Linnarssonella girtyi.

89. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone in Murphrees Valley,

Blount County, Ala. (A. M. Gibson, 1884).

Lingulella (Lingulepis) acuminata.

*Dicellomus appalachia.

90. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Conasauga ("Coosa") shale on

Edward's farm, near Craigs Mountain, about 10 miles (16.1 km.) southeast of Center, Cherokee County, Ala.

(Cooper Curtice, 1885).

*Wimanella? anomala.

Olenoides curticei Walcott.

Olenoides sp.

Micromitra (Paterina) major.

Obolus (Westonia) ella.

Lingulella similis?.

Acrotreta kutorgai.

90a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales at Cedar Bluff, Cherokee

County, Ala. (Bufford, 1892).

Dicellomus appalachia.

90b. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Conasauga limestone in cut on

Louisville and Nashville Railroad, near Woodstock, Bibb County, Ala. (Chas. Butts, 1904).

Lingulella buttsi. Acrotreta kutorgai.

Lingulella desiderata. Agnostus.

Dicellomus appalachia. Ptychoparia.

90c. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Conasauga limestone near Kimbrel,

Bibb County, Ala. (Chas. Butts, 1904).

•Lingulella buttsi.

a Wincliell (1886, p. 317] gives tlie type locality as St. Croix sandstone in sewer excavations at the corner of Brush and Main streets, Red Wing, Minn.
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Olenoides curticei Walcott.

Laotira cambria Walcott.

Brooksella alternata Walcott.
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90x (=94a). (For stratigraphic position and association, see p. 147.') Middle Cambrian: In and attached to the

outer surface of siliceous nodules in the Conasauga ("Coosa ") shale, Coosa Valley, east of Center, Cherokee

County, Ala. CA. M. Gibson, 1884, and Cooper Curtice, 1885).

Micromitra alabamaensis.

*Lingulella hayesi.

*Acrothele bellula.

*Acrotreta kutorgai.

Ptychoparia.

91. (For stratigraphic position and association, seep. 147.) Middle Cambrian: Conasauga ("Coosa") shale at Cedar

Bluff, Cherokee County, Ala. (A. M. Gibson, 1884, and Cooper Curtice, 1885').

Obolus willisi. I

'^Lingulella quadrilateralis.

Lingulella nanno. [
Dicellomus appalachia.

92b (the specimens are labeled 1092b). Upper Cambrian: Limestone on Buffalo Creek, 2 miles (3.2 km.) south-

east of Buffalo Mills, Rockbridge County, Va. (C. D. Walcott, 1898).

Obolus matinalis.

Lingulella (Lingulepis) acuminata.

92x. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Conasauga ("Coosa") shale at

Yanceys Bend, Coosa River, southeast of Center, Cherokee County, Ala., (Cooper Curtice, 1885).

Obolus since.

Lingulella similis?.

93. (For stratigraphic position and association, see p. 147.) ITpper Cambrian: Shales and limestones at the base

of the Knox dolomite near Jordan's, just below the ford on Cowan Creek, about 8 miles (12.8 km.) southeast

of Center, Cherokee County, Ala. (Cooper Curtice, 1885).

Obolus willisi.

Lingulella desiderata.

93a. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shales and limestones at the base

of the Knox dolomite on Terrapin Creek road from Center to Amberson, Cherokee County, Ala. (Cooper

Curtice, 1885).

Lingulella desiderata?.

93n (16 of section). (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shales in the south-

ern part of Jordan's farm, near Jordan's crossroads, about 8 miles southeast of Center, Cherokee County, Ala.

(Cooper Curtice, 1885).

Obolus willisi.

93o (=93). (For stratigraphic position and association, see p. 147.) (Cooper Curtice, 1885.)

Lingulella desiderata.

93x. (For stratigraphic position and association, see p. 147.) Upper Cambrian : Shales on the Clarke farm, near the

ford across Cowan Creek, about 2 miles (3.2 km.) north of Jordan's crossroads, southeast of Center, Cherokee

County, Ala. (Cooper Curtice, 1885).

Obolus willisi.

94 (see 94a, 94o, 94x, and 94xx; 81 of section). (For stratigraphic position and association, see p. 147.) Middle

Cambrian: Shales 0.25 mile (0.4 km.) beyond Steel Ford, Cowan Creek, about 8 miles (12. 8 km.) southeast

of Center, Cherokee County, Ala. (Cooper Curtice, 1885).

*Micromitra alabamaensis.

Obolus willisi.

94a (=shales in which nodules of 90x are embedded; see 94, 94o, 94x, and 94xx; 9 of section). (For stratigraphic

position and association, see p. 147.) (Cooper Curtice, 1885.)

Micromitra alabamaensis.

Obolus willisi.

Lingulella hayesi.

94o (see 94, 94a, 94x, and 94xx; 12 of section). (For stratigraphic position and association, see p. 147.') Upper

Cambrian: Limestone at base of dolomite 0.25 mile (0.4 km.) beyond Givens Ford, Cowan Creek, about

8 miles (12.8 km.) southeast of Center, Cherokee County, Ala. (Cooper Curtice, 1885).

Micromitra alabamaensis.

Lingulella desiderata.

Acrotreta sp.
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94x (see 94, 94a, 94o, and 94xx). (For stratigraphin position and association, see p. 147.) Middle Cambrian: Shales

0.06 mile (0.1 km.) south of Givens mill, Cowan Creek, about 8 miles (12.8 km.) southeast of Center, Cherokee
County, Ala. (Cooper Curtice, 1885).

Acrothele bellula.

94xx (see 94, 94a, 94o, and 94x; 10 of section). (For stratigraphic position and association, see p. 147.) Middle
Cambrian: Limestone at base of dolomite at Givens mill, Cowan Creek, about 8 miles (12.8 km.) south-

east of Center, Cherokee County, Ala. (Cooper Curtice, 1885).

Lingulella desiderata.

Acrotreta sp.

95a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales on Spring Creek, near old

tram crossing north of the Center road, Cowan Creek valley, southeast of Center, Cherokee County, Ala.

(Cooper Curtice, 1885).

Micromitra alabamaensis.

96. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Limestone near the ford on the
Cedartown road, 1.5 miles (2.4 km.) south of Rome, Floyd Coimty, Ga. (Cooper Curtice, 1885).

Micromitra (Iphidella) pannula. I Lingulella desiderata.

Obolus rotundatus.
j
*Lingulella leos.

96b. (For stratigraphic position and association, see p. 147.) LTpper Cambrian: Shales in a railroad cut on the
Southern Railway, near Cave Spring, 10 miles (16.1 km.) southwest of Rome, Floyd' County, Ga, (Cooper
Curtice, 1885).

Obolus willisi.

96x. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone 1 mile (1.6 km.)
north of Adairsville, 15 miles (24.2 km.) northwest of Cai-tersville, Cartersville quadrangle (U. S. G. S.),

Bartow County, Ga. (Cooper Curtice, 1885).

*Acrotreta concentrica.

97 (=97x and S97x, though possibly from a slightly different horizon). Upper Cambrian: "St. Croix sandstone"
at Reads Landing, foot of Lake Pepin, Wabasha County, Minn. (Cooper Curtice, 1884).

Obolus (Westonia) aurora.

Lingulella oweni.

Lingulella similis.

Dicellomus politus.

Billingsella coloradoensis.

Eoorthis sp.

*Syntrophia primordialis argia.

97a. Upper Cambrian: "St. Croix sandstone " near Winfield, Jefferson County, Wis. (Cooper Curtice, 1884).

Eoorthis remnicha sulcata.

*Eoorthis remnicha winfieldensis.

Eoorthis sj^.

Lingulella similis.

Lingulella (Lingulepis) acuminata.

Billingsella coloradoensis.

Eoorthis remnicha.

97b. Upper Cambrian: In the "St. Croix sandstone" below the green-sand bed and about 25 feet (7.6 m.) above
St. Croix River, at Franconia, Chisago County, Minn. (Cooper Curtice, 1884).

Obolus matinalis.

Lingulella (Lingulepis) acuminata.

Billingsella coloradoensis.

97c. Upper Cambrian: "St. Croix sandstone" at Winfield, Jefferson County, Wis, (Cooper Curtice, 1884).

Lingulella similis.

97s. Upper Cambrian: "St. Croix sandstone" at Franconia, Chisago County, Minn. (Chas. Schuchert, 1893).
Lingulella similis.

97x (=97, though possibly from a slightly different horizon). (Chas. Schuchert, 1893.)

Eoorthis remnicha sulcata.

S97x (=97, though possibly from a slightlj^ different horizon). (Chas. Schuchert, 1893.)

Dicellomus politus.

Billingsella coloradoensis.

98 (=98x, though from a slightly different horizon). Upper Cambrian: "St. Croix sandstone" near Eau Claire
Eau Claii'e County, Wis. (Cooper Curtice, 1884).

Lingulella phaon.

Lingulella (Lingulepis) acuminata.

Dicellomus politus.

Ptychoparia onustus (Whitfield).

Hyolithes.

Obolus matinalis

*Obolus namouna.

*Obolus rhea.

Lingulella ampla.

Lingulella mosia osceola.
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98a. Upper Cambrian: "St. Croix Bandstone" at Marine Mills, on St. Croix River, Washington County, Minn.

Ptychoparia sp.

Ptychaspis granulosa (Owen).
Lingulella mosia.

Dicellomus politus.

Billingsella coloradoensis.

98x (=98, though from a slightly different horizon). (Cooper Curtice, 1884.)

Obolus matinalis. I
*Lingulella phaon.

Lingulella mosia.
I

Dicellomus politus.

99. Upper Cambrian: "St. Croix sandstone" atMinneiska (Miniska), on Mississippi River, near the line between

Wabasha and Winona counties, Minn. (Cooper Curtice, 1884).

Syntrophia primordialis.

99a. Upper Cambrian: "St. Croix sandstone" near Pilot Knob, Adams County, Wis. (Cooper Curtice, 1884).

Lingulella mosia.

Lingulella (Lingulepis) acuminata.

Eoorthis remnicha winfieldensis.

100. Upper Cambrian: "St. Croix sandstone" near Menomonie, Dunn County, Wis. (Cooper Curtice, 1884).

Lingulella winona convexa.

Dicellomus pectenoides.

Dicellomus politus.

Billingsella coloradoensis.

Obolus matinalis.

Obolus sp. undt.

Lingulella ampla.

Lingulella mosia.

100a. Upper Cambrian: "St. Croix sandstone" at Ettrick, Trempealeau County, Wis. (Cooper Curtice, 1884).

Dicellomus politus.

101 (25 feet above 101a; same horizon as 102). (For stratigraphic position and association, see p. 147.) Middle

Cambrian: Rogersville shale just above the road in the hill west of the schoolhouse 3.5 miles (5.6 km.)

southwest of Rogersville, on the road to Melinda Ferry [see Keith, 1896a, areal geology sheet], Hawkins

County, Tenn. (R. R. Gurley, 1887).

Micromitra (Iphidella') pannula.

Obolus lamborni minimus.

101a (25 feet below 101). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Rogersville

shale just above the road in the hill west of the schoolhouse 3.5 miles (5.6 km.) southwest of Rogersville, on

the road to Melinda Ferry [see Keith, 1896a, areal geology sheet], Hawkins County, Tenn. (R. R. Gurley,

1887).

*Obolus lamborni minimus.

Lingulella desiderata.

*Acrotreta rudis.

101b. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Rogersville shale just east of

the schoolhouse 3.5 miles (5.6 km.) southwest of Rogersville, on the road to Melinda Ferry [see Keith, 1896a,

areal geology sheet], Hawkins County, Tenn. (R. R. Gurley, 1887).

Obolus lamborni.

Obolus willisi.

Lingulella desiderata.

102 (same horizon as 101). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Rogersville

shale just south of road 0.5 mile (0.8 km.) southwest of Rogersville, on the road to Melinda Ferry [see

Keith, 1896a, areal geology sheet], Hawkins County, Tenn. (R. R. Gurley, 1887).

Obolus lamborni.

Dicellomus appalachia.

102c. (For stratigraphic position and association, see p. 147.) Middle Cambrian: First shale south of the Estill-

ville pike, 3.5 miles (5.6 km.) east of Rogersville, Greeneville quadrangle (U. S. G. S.), Hawkins County,

Tenn. (R. R. Gurley, 1887).

Acrotreta rudis.

103 (below 103a). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Second shale south

of the ridge of sandstone in the Rome formation ("Town Knobs"), on the road from Rogersville to Dodson

Ford, near the line between the Morristown and Greeneville quadrangles (U. S. G. S.), Hawkins County,

Tenn. (R. R. Gurley, 1887).

Obolus lamborni.
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103a (immediately underlying 103b). (For stratigraphic position and association, see p. 147.) Middle Cambrian:

Upper part of the second shale south of the ridge of sandstone in the Rome formation ("Town Knobs"),

on the road from Rogersville to Dodson Ford, near the line between the Morristown and Greeneville

quadrangles (U. S. G. S.), Hawkins County, Tenn. (R. R. Gurley, 1887).

OboluB lamborni minimus.

Dicellomus appalachia.

103b (immediately overlying 103a). (For stratigraphic position and association, see p. 147.) Middle Cambrian:

Third limestone (100 yards (90 m.) down the road toward the river from 103a) south of the ridge of sandstone

in the Rome formation ("Town Knobs "), on the road from Rogersville to Dodson Ford, near the line between

the Morristown and Greeneville quadrangles (U. S. G. S.), Hawkins County, Tenn. (R. R. Gurley, 1887).

Lingulella desiderata.

104. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale in railroad cut 0.5 mile

(0.8 km.) from Rogersville, on the road to Holston River, near the line between the Morristown and Greene-

ville quadrangles (U. S. G. S.), Hawkins County, Tenn. (R. R. Guriey, 1887).

Dicellomus appalachia.

105. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Limestone in Knox dolomite at

Bishops mill, Hancock County, Tenn. (Ira Sayles, 1884).

Lingulella (Lingulepis) acuminata.

lost. (For stratigraphic position and association, see p. 153.) Lower Ordovician: Thin-bedded bluish-gray lime-

stone [Walcott, 1908f, p. 173, and Pis. XIII and XIV], at the summit of Notch Peak, House Range, Millard

County, Utah (C. D. Walcott, F. B. Weeks, and L. D. Buriing, 1905).

*Obolus (Westonia) notchensis.

Eoorthis desmopleura.

Raphistoma sp.

lOSx. (For stratigraphic position and association, seep. 148.) Middle Ordovician: Gray siliceous shales just below

a band of quartzitic sandstones probably corresponding in position to the upper part of the Simpson forma-

tion of the Oklahoma section, in Wasatch Canyon, east of Lakeview ranch, about 5 miles (8 km.) north of

Brigham, Boxelder County, Utah (F. B. Weeks and L. D. Burling, 1905).

*Obolus (Westonia) elongatus.

106. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales of the Rome formation on

the roadside at the eastern base of Shocks Gap, in Bays Mountains, 10 miles (16.1 km.) southeast of Knoxville

[see Keith, 1895, areal geology sheet], Knox County, Tenn. (Cooper Curtice, 1885).

Lingulella similis.

106a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Reddish-brown shales in middle

of valley east of Shooks Ridge, in Bays Mountains, 10 miles (16.1 km. ) southeast of Knoxville, Knox County,

Tenn. (Cooper Curtice, 1885).

Obolus willisi.

107 (just above 107a). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone in

Bull Run, northwest of Copper Ridge [Keith, 1896b, areal geology sheet], 11 miles (17.6 km.) northwest of

Knoxville, Knox County, Tenn. (Cooper Curtice, 1885).

Dicellomus appalachia.

Wimanella harlanensis.

107a (just below 107, above 107b). (For stratigraphic position and association, see p. 147.) Middle Cambrian:

Shales in railroad cut in Bull Run, northwest of Copper Ridge [Keith, 1896b, areal geology sheet], 11 miles

(17.6 km.) northwest of Knoxville, Knox County, Tenn. (Cooper Curtice, 1885).

Obolus willisi.

Lingulella desiderata ?.

107b (below 107a). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales and sand-

stones of the Rome formation in railroad cut in Bull Run, northwest of Copper Ridge [Keith, 1896b, areal

geology sheet], 11 miles (17.6 km.) northwest of Knoxville, Knox County, Tenn. (Cooper Curtice, 1885).

Obolus willisi. I Dicellomus appalachia.

Lingulella?.
|
Linnarssonella tennesseensia.
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107o (just above 107u). (For stratigraphic position and association, see p. 147.) Upper Cambrian: Limestones and

shales at the base of the Knox dolomite west of the top, of Copper Ridge, uear the Southern Railway cut.

about 10 miles (16.1 km.) northwest of Knoxville [see Keith, 1896b, areal geology sheet], Knox County, Tenn,

(Cooper Curtice, 1885).

Lingulella desiderata.

Lingulella (Lingulepis) acuminata.

Acrotreta kutorgai.

107u (just below 107o). (For stratigraphic position and association, see p. 147.) Upper Cambrian: Limestones and

shales at the base of the Knox dolomite west of the top of Copper Ridge, near the Southern Railway cut;

about 10 miles (16.1 km.) northwest of Knoxville [see Keith', 1896b, areal geology sheet], Knox County, Tenn.

(Cooper Curtice, 1885).

Lingulella desiderata?. .,,

Acrotreta kutorgai.

108. Upper Cambrian: Sandstone 1 mile (1.6 km.) south of Poughkeepsie, Dutchess County, N. Y. (C. D. Walcott,

1886).

Lingulella (Lingulepis) acuminata.

109 (see 367k). Upper Cambrian: Sandstone 25 feet (7.6 m.) above the Archean 1.5 miles (2.4 km.) south of

Deweys Bridge, on the Champlain Canal, Washington County, N. Y. (C. D. Walcott, 1886).

Lingulella (Lingulepis) acuminata.

110 (just below 110a). Upper Cambrian: Shaly calcareous sandstone resting on massive layers of Potsdam sand-

stone, east side of the town of ^Vhitehall, Washington County, N. Y. (C. D. Walcott, 1886).

Lingulella (Lingulepis) acuminata.

110a (just above 110). Upper Cambrian: Sandstone on the east side of the town of M'hitehall, Washington County^

N. Y. (C. D. Walcott, 1886).

Lingulella (Lingulepis) acuminata.

111. Upper Cambrian: At the top of the Potsdam sandstone on Marble River, 1 mile (1.6 km.) south of Chateaugay,.

Franklin County, N. Y. (C. D. Walcott, 1886).

Lingulella (Lingulepis) acuminata.

113. Upper Cambrian: "St. Croix sandstone" at La Grange Mountain (or Barn Bluff), near Red Wing, Goodhue

County, Minn. (Cooper Curtice, 1884).

Lingulella mosia.

Lingulella winona.

114 (above 114a). (For stratigraphic position and association, see p. 140.) Upper Cambrian: Upper sandstone-

beds on Little Belle Island, Conception Bay, Newfoundland (C. D. Walcott, 1888).

Lingulella bella.

Lingulella bellula. .

114a (below 114). (For stratigraphic position and association, see p. 140.) Upper Cambrian: Sandy shales under-

lying beds of Locality 114, Little Belle Island, Conception Bay, Newfoundland (C. D. Walcott, 1888).

Lingulella bella.

*Lingulella bellula.

114b. (For stratigraphic position and association, see p. 140.) Lower Ordovician: Sandstone 1 mile (1.6 km.)-

north of Lance Cove, Great Belle Island, Conception Bay, Newfoundland (C. D. Walcott, 1888).

*Obolus (Lingulobolus) affinis. I
Obolus (Westonia) rogersi.

*Obolus (Lingulobolus) spissus.
I

*Lingulella bella.

116. Upper Cambrian: "St. Croix sandstone" in excavation on Wells farm, 2 miles (3.2 km.) west of Baraboo,.

Baraboo quadrangle (U. S. G. S.), Sauk County, Wis.

*Billingsella major.

117. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales on the road north from

Greeneville, Greene County, Tenn. (Cooper Curtice, 1886).

Lingulella desiderata.

117c. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale at Buckingham Ford on

HoUis Creek, 5 miles (8 km.) southeast of Greeneville, Greene County, Tenn. (Cooper Curtice, 1886).

Dicellomus appalachia.



Acrotreta rudis.

*Billingsella? appalachia.

*Wimanella haiianensis.
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118 (same horizon as 117c). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales on

the Tazewell road, 2 miles (3.2 km.) north of Knoxville, Knox County, Tenn. (M. R. Campbell, 1891).

Obolus lamborni minimus.

119. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone in various localities

in Jefferson and Hawkins counties, Tenn. (Ira Sayles, 1885).

Dicellomus appalachia.

121. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Rogersville shale, road just east

of Harlan Knob, 4 miles (6.4 km.) northeast of Rogersville [see Keith, 1905, ai-eal geology sheet], Hawkins
County, Tenn. (C. D. Walcott, 1891).

Micromitra alabamaensis.

Obolus lamborni.

Obolus willisi.

Lingulella desiderata.
|

121a (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales on road leading from

southeast of Harlan Knob to Amis post office, about 4 miles (6.4 km.) northeast of Rogersville [see Keith,

1905, areal geology sheet], Hawkins County, Tenn. (C. D. Walcott, 1891).

Micromitra alabamaensis.

122. (For stratigraphic position and association, see p. 147.) Upper Cambi-ian: Shale southwest of "Town
Knobs ",'2 1 mile (1.6 km.) southwest of Rogersville, Hawkins County, Tenn. (C. D. Walcott, 1891).

Obolus willisi.

Lingulella desiderata.

122a. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shale at the headwaters of For-

gey Creek, northwestern part of the Greeneville quadrangle (U. S. G. S.), Hawkins County, Tenn. (C. D.

Walcott, 1891).

Obolus lamborni.

Lingulella desiderata,.

123. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Upper part of Maryville lime-

stone on Big Creek, southeast of Harlan Knob, 4 miles (6.4 km.) northeast of Rogersville [see Keith, 1905,

p. 4, and areal geology sheet], Hawkins County, Tenn. (C. D. Walcott, 1891).

Micromitra alabamaensis.

Ptychoparia.

124 (=124a). (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales (Nolichucky?)

overlying the limestone which rests on the Rogersville shale on Big Creek, southeast of Harlan Knob, 4

miles (6.4 km.) northeast of Rogersville [see Keith, 1905, p. 4, and areal geology sheet], Hawkins County,

Tenn. (CD. Walcott, 1891).

Micromitra alabamaensis.

Obolus lamborni minimus.

124a (=124). (For stratigraphic position and association, see p. 147.) (C. D. Walcott, 1891.)

Obolus lamborni.

Lingulella (Lingulepis) acuminata.

Dicellomus appalachia.

128. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shale 1.5 miles (2.4 km.) south-

west of Cleveland, Bradley County, Tenn. (C. D. Walcott, 1891).

Lingulella?.

128a. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shales on the Louisville and
Nashville Railroad, 1.5 miles (2.4 km.) southeast of Cog Hill, near the line between Polk and McMinn
counties, Tenn. (M. R. Campbell, 1891).

Lingulella sp.

Dicellomus politus.

131. Upper Cambrian: Sandstone in a cut on the Chicago, Milwaukee and St. Paul Railway, 4 miles (6.4 km.)

southeast of Lake City, Wabasha County, Minn. (C. Schuchert, 1893).

Billingsella coloradoensis.

134. Upper Cambrian: "St. Croix sandstone" in the lowest beds exposed along the banks of Red Cedar River,

opposite Menomonie, Dunn County, Wis. (C. Schuchert, 1893).

Obolus matinalis.

a See localities 103, 103a, and 103b, pp. 220-221.
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134a. Upper Cambrian: "St. Croix sandstone" in a quarry 1 mile (1.6 km.) southeast of the county courthouse,

inMenomonie, Dunn County, Wis. (C. Schuchert, 1893).

Syntrophia barabuensis.

135. Upper Cambrian: "St. Croix sandstone" near Trempealeau, Trempealeau County, Wis. (C. Schuchert,

1893).

Lingulella winona convexa.

135b. Upper Cambrian; "St. Croix sandstone" near Trempealeau, Trempealeau County, Wis. (C. Schuchert,

1893).

Finkelnburgia finkelnburgi.

135c (=83'). Upper Cambrian: Uppermost horizon of the "St. Croix sandstone" near Trempealeau, Trem-

pealeau County, Wis. (C. Schuchert, 1893).

Finkelnburgia finkelnburgi.

Finkelnburgia osceola.

Dikellocephalus minnesotensis Owen.

136. Upper Cambrian: Potsdam sandstone in bank of stream opposite the first switch on the Port Henry and Maine

Raiboad out of Port Henry, Essex County, N. Y. (C. D. Walcott, 1889).

Lingulella prima.

137. (For stratigi-aphic position and association, see p. 147.) Middle Cambrian: Shales on southeast side of north-

east end of Cane Creek Mountains, 3 miles (4.8 km.) south of Gadsden, Etowah County, Ala. (Cooper Curtice,

1892).

Acrotreta kutorgai.

138. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale in the street northeast of

Printuf House, Gadsden, Etowah County, Ala. (Cooper Curtice, 1892).

Lingulella similis.

138a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales in the Rome formation

west of the cemetery west of Rome, Floyd County, Ga. (Cooper Curtice, 1892).

Lingulella similis.

139. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone on Hokes Bluff road

north of the chert outcrop, 5 miles (8 km.) east of Gadsden, Etowah County, Ala. (Cooper Curtice, 1892).

Lingulella desiderata.

139a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone on road near Wades

Gap, near Chepultepec, Jefferson County, Ala. (Cooper Curtice, 1892).

Acrotreta kutorgai.

140. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone interbedded in shales

near Chepultepec, Jefferson County, Ala. (Cooper Curtice, 1892).

Acrotreta kutorgai.

140a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales 200 yards (182.9 m.) east

of Thomas Mills, 5 miles (8 km.) north of Cave Spring [see Hayes, 1902, historical geology sheet], Floyd

County, Ga. (Cooper Curtice, 1892).

Obolus lamborni.

Oboluswillisi.

Lingulella quadrilateralis.

140c. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale at edge of hill on the road

leading west of Cave Spring, 10 miles (16.1 km.) southwest of Rome, Floyd County, Ga. (Cooper Curtice,

1892).

Lingulella similis.

Lingulella sp.

141a. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Limestone 0.25 mile (0.4 km.)

west of the hotel at Montevallo, Shelby County, Ala. (Cooper Curtice, 1892).

Obolus (Westonia) ella.

142. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales just above the Olenellus

zone near the railroad 4.5 miles (7.2 km.) north of Montevallo, Shelby County, Ala. (Cooper Curtice, 1892).

Acrotreta kutorgai?.
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144c. (For stratigrapliic position and association, seep. 147.) Middle Cambrian: Limestone near the top of the

beds exposed near N. K. Biirns's barns, near Viola, Blount County, Ala. (Cooper Curtice, 1892).

Dicellomus appalachia.

145. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale in bluff on Coosa River east

of Turkeytown, 8 miles (12.8 km.) northeast of Gadsden, Etowah County, Ala. (Diddle and Russell, 1886).

Lingulella similis.

146. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Conasauga ("Coosa") shale on

the Jacksonville road, 8 miles (12.8 km.) east of Center, Cherokee County, Ala. (Biddle, 1883).

Obolus willisi.

147a. Upper Cambrian: Limestone in Spring Hill Canyon, west side of the Bridger Range, Gallatin Coimty, Mont.

(A. C. Peale, 1885).

Billingsella coloradoensis.

148a. Upper Cambrian: Limestone of the Gallatin formation at the head of Bostwick Canyon (the name is given

on the Threeforks sheet (U. S. G. S.)) [Iddings and Weed, 1894, areal geology sheet «], in the Bridger Range,

Livingston quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale, 1885).

Obolus tetonensis.

149a. Middle Cambrian: Limestone at the forks of Pole Creek, above Cherry Creek basin, Threeforks quadrangle

(U. S. G. S.), Madison County, Mont. (A. C. Peale, 1887).

Micromitra (Iphidella) pannula.

*Billingsella striata.

150a. Upper Cambrian: Limestone on the east side of Dry Creek, above the mouth of Pass Creek, about 5 miles

(8 km.) north of Hillsdale, Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale, 1885).

Billingsella plicatella.

Eoorthis wichitaensis.

151 (see 151a). Upper Cambrian: Limestone in point overlooking Chum Canyon, on the west side of the Bridger

Range, Gallatin County, Mont. (A. 0. Peale, 1885).

Obolus discoideus.

Billingsella plicatella.

Eoorthis wichitaensis.

151a (a little higher horizon than 151, same locality). Upper Cambrian: Limestone in point overlooking Chum
Canyon, on the west side of the Bridger Range, Gallatin County, Mont. (A. C. Peale, 1885).

Dicellomus pectenoides.

Billingsella plicatella.

162. Upper Cambrian: Limestone on ridge between Chum and Cottonwood canyons, west side of Bridger Range,

Gallatin County, Mont. (A. C. Peale, 1885).

Billingsella plicatella.

Eoorthis desmopleura?.

152a. Upper Cambrian: Limestone on west side of Dry Creek, below Pass Creek, Threeforks quadrangle (U. S.

G. S.), Gallatin County, Mont. (A. C. Peale, 1885).

Dicellomus nanus.

152b. Upper Cambrian: East side of Dry Creek, below Pass Creek, Threeforks quadrangle (U. S. G. S.),

Gallatin County, Mont. (A. C. Peale, 1885).

Obolus tetonensis?.

153 (slightly different horizon than 153a). Upper Cambrian: Limestone in ravine on west side of Dry Creek, near

the mouth of Pass Creek, about 5 miles (8 km.) north of Hillsdale, Threeforks quadrangle (U. S..G. S.),

Gallatin County, Mont. (A. C. Peale, 1885).

Billingsella plicatella.

Huenella abnormis.

153a (slightly different horizon than 153). Upper Cambrian: Limestone in ravine on west side of Dry Creek, near

the mouth of Pass Creek, about 5 miles (8 km.) north of Hillsdale, Threeforks quadrangle (U. S. G. S.),

Gallatin County, Mont. (A. C. Peale, 1885).

Eoorthis remnicha.

Eoorthis remnicha texana.

Eoorthis wichitaensis.

a Iddings, J. P., and Weed, W. H., Livingston folio (No. 1), Geol. Atlas U. S., U. S. Geol. Survey, 1894.
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154. Upper Cambrian: Limestone in hill on west side of Dry Creek, opposite mouth of Pass Creek, about 5 miles

(8 km.) north of Hillsdale, Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale, 1885).

Billingsella plicatella.

Eoorthis desmopleura?.

Eoorthis remnicha.

155. Upper Cambrian: Limestone north of East Gallatin River, near Hillsdale, Threeforks quadrangle (U. S.

G. S.), Gallatin County, Mont. (A. C. Peale, 1888).

Billingsella coloradoensis.

155a. Middle Cambrian: Limestone north of East Gallatin River, near Hillsdale, Threeforks qu"drangle (U. S.

G. S.), Gallatin County, Mont. (A. C. Peale, 1888).

*Micromitra pealei.

156a. Middle Cambrian: Limestones of the Flathead formation [Peale, 1893, p. 20], north of East Gallatin

River, near Hillsdale, Gallatin County, Mont. (A. C. Peale. 1888).

Acrotreta attenuata.

156b. Upper Cambrian: Limestone north of East Gallatin River, at the north end of the Gallatin Valley,

Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale, 1884).

Billingsella plicatella.

157 (same locality as 158 and 156, but different horizon). Upper Cambrian: Limestone north of East Gallatin

River, near Hillsdale, Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale, 1888).

Billingsella plicatella.

Huenella abnormis.

158 (same locality as 156, 157, and 158a, but different horizon). Upper Cambrian: Limestone north of East

Gallatin River, near Hillsdale, Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C.

Peale, 1889).

Dicellomus pectenoides. I Eoorthis desmopleura.

*Billingsella plicatella. 1 Huenella abnormis.

158a (same locality as 156. 157, and 158, but different horizon). Upper Cambrian: Limestone north of East

Gallatin River, near Hillsdale, Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C.

Peale, 1889).

Dicellomus nanus.

159. Middle Cambrian: Limestones north of West Gallatin (Gallatin) River, Gallatin County, Mont. (A. C.

Peale, 1884).

Micromitra pealei.

Obolus rotundatus.

Acrotreta attenuata.

Billingsella coloradoensis.

Olenoides?.

160. Upper Cambrian: Sandstones forming a remnant of the Gallatin formation which lies between the exposures

of "porphyrite" on the east side of Willow Creek [Peale, 1896, areal geology sheet], 12 miles (19.2 km.)

south-southwest of Threeforks, Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. 0.

Peale, 1889).

Micromitra (Paterina) superba?.

160a. Upper Cambrian: Sandstone west of Bear Creek, south of the Gallatin Valley southwest of Bozeman,

Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale, 1889).

Obolus rotundatus.

161. Upper Cambrian: Limestone on the south side of West Gallatin (Gallatin) River, northwest of Hamilton

on the north side of the Gallatin Valley, Gallatin County, Mont. (A. C. Peale, 1884).

Obolus tetonensis.

Lingul'ella desiderata.

163 (=55c). (For stratigraphic position and association, see p. 152.) (R. S. Spence.^

Micromitra (Iphidella) pannula.

Acrothele subsidua.

*Acrotreta definita.

164. Middle Cambrian: Sandstone in the Deadwood formation in the cliffs on the east side of the valley near

Deadwood, Black Hills, South Dakota.

Dicellomus pectenoides.

164f. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales just above a bed of

limestone on the road leading northwest out of Montevallo, Shelby County, Ala.

Obolus? sp.

*Nisusia (Jamesella) nautes.

*Nisusia (Jamesella) spencei.
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165. Middle Cambrian: Limestone on the east side of the valley, in railroad cut about 1 mile (1.6 km.) below

the main part of Deadwood, Black Hills, South Dakota.

Lingulella similis.

Acrotreta idahoensis.

Linnarssonella girtyi.

167. Middle Cambrian: Sandstone beneath limestone and resting on pre-Cambrian "slates, schists, and peg-

matites" in bluff 9 miles (14.4 km.) west of Custer, Black Hills, South Dakota.

Lingulella cuneola?.

Lingulella (Lingulepis) acuminata.

Dicellomus politus.

168. Upper Cambrian: Limestones on north side of Tepee Creek, near the road from Sheridan to Dome Lake,

Bighorn Mountains, Sheridan County, Wyo. (C. D. Walcott).

Eoorthis desmopleura. I
Eoorthis remnicha.

*Eoortliis desmopleura nympha.
|

Syntrophia primordialis.

170. Middle Cambrian: Sandstone about 10 miles (16.1 km.) south-southeast of Bald Mountain, Bighorn Moun-

tains, Wyo.
Obolus matinalis.

Dicellomus nanus.

171 (200 feet below 171a). Middle Cambrian: Sandstone in Big Goose Creek Canyon, in the Bighorn Mountains,

west of Sheridan, Sheridan Couilty, Wyo.

Lingulella (Lingulepis) acuminata (ranging through 200 feet of beds).

171a (200 feet above 171). Middle Cambrian: Sandstone in Big Goose Creek Canyon, in the Bighorn Mountains,'

west of Sheridan, Sheridan County, Wyo.

Obolus (Westonia) ella.

Lingulella (Lingulepis) acuminata.

174:0. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Sandstones on small hill in

the salt flat 1 mile (1.6 km.) northeast of Silver Peak mill. Silver Peak quadrangle (U. S. G. S.), Esme-

ralda County, Nev. (C. D. Walcott and F. B. Weeks, 1896).

*Mickwitzia occidens.

Obolus?.

Obolella sp.

175. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Shales carrying Olenellvs on.

the divide between Clayton and Fish Lake valleys, about 15 miles (24.2 km.) south-southwest of the town

of Silver Peak, Silver Peak quadrangle (U. S. G. S.), Esmeralda County, Nev. (C. D. Walcott and F. B.

Weeks, 1896).

Obolus?.
I

*Acrotreta claytoni.

Kutorgina perugata?. |

Swantonia? sp.

176. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Shales and interbedded lime-

stones between massive limestone containing Archxocyathus, at the south end of Deep Spring Valley,

Inyo County, Cal. (C. D. Walcott and F. B. Weeks,

Obolella vermilionensis.

Obolella? sp.

Trematobolus excelsis.

Wanneria gracile Walcott.

Olenellus fremonti Walcott.

176a. (For stratigraphic position and association, seep. 138.) Lower Cambrian: Sandstone on ridge east of the

head of Mazouka Canyon, Inyo Range, Inyo County, Cal. (C. D. Walcott, 1897).

Trematobolus excelsis.

178a (slightly higher than 176, but same locality). (For stratigraphic position and association, see p. 138.) (C. D.

Walcott and F. B. Weeks, 1S96.)

Trematobolus excelsis. I Wanneria gracile Walcott.

Billingsella highlandensis?.
|
Olenellus fremonti Walcott.

184. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Shales at the summit of the

Silver Peak Range, 10 miles (16.1 km.) southwest of the town of Silver Peak, Silver Peak quadrangle

(TJ. S. G. S.), Esmeralda County, Nev. (C. D. Walcott, 1896).

Kutorgina perugata.

Acrotreta claytoni.
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186. Upper Cambrian: Sandy layers above the massive Potsdam sandstone 0.5 mile (0.8 km.) southeast of

Redwood, Jefferson County, N. Y. (C. D. Walcott, 1886).

Lingulella (Lingulepis) acuminata.

185a. Upper Cambrian: Sandy layers 20 feet (6 m.) above the massive Potsdam sandstone, east side of Indian

View, 3 miles (4.8 km.) south of Theresa, Jefferson County, N. Y. (C. D. Walcott, 1886).

Lingulella (Lingulepis) acuminata.

185z. (For stratigraphic position and association, seep. 148.) Lower Ordovician: Limestones at the base of the

Lower Ordovician [Walcott, 1908f, p. 191], in Blacksmith Pork Canyon, about 9 miles (14.4 km.) east of

Hyrum, Cache County, Utah (C. D. Walcott and L. D. Burling, 1906).

Obolus discoideus.

Eoorthis desmopleura.

Sjmtrophia nundina.

Orthoceras.

Endoceras.

Fragments of trilobites.

186. Lower Ordovician: Near line of contact between red and gray Ordovician limestone, in red siliceous lime-

stone about 30 feet (9.1 m.) above the pre-Cambrian rocks, Williams Canyon, Manitou, El Paso County,

Colo. (C. D. Walcott, 1890).

Eoorthis desmopleura nympha.

Syntrophia nundina.

Lingulella desiderata.

Schizambon manitouensis.

Eoorthis desmopleura.

186a (slightly higher horizon than 186). Lower Ordovician: Near line of contact between red and gray Ordovician

limestone, in siliceous red limestone about 3.5 feet (10.7 m.) above the pre-Cambrian rocks, Williams Canyon,

Manitou, El Paso County, Colo. (T. W Stanton, 1890).

*Schizambon manitouensis.

Eoorthis desmopleura.

Syntrophia nundina.

187. Lower Ordovician: Red siliceous limestone 105 to 122 feet (32 to 36. 7 m.) above the pre-Cambrian rocks,

2 miles (3.2 km.) below Manitou Park Hotel, El Paso County, Colo. (Whitman Cross, 1882).

Lingulella desiderata.

Eoorthis desmopleura.

201. (For stratigraphic position and association, see p. 139.) Passage beds between the Upper Cambrian and the

Ordovician: Arenaceous Pogonip limestone on east slope of ridge east of Hamburg Ridge Eureka district

[Hague, 1892, Atlas], Eureka County, Nev. (Arnold Hague and C. D. Walcott, 1880).

*Lingulella pogonipensis.

Acrotreta idahoensis alta.

.Eoorthis hamburgensis.

201a. (For stratigraphic position and association, see p. 139.) Lower Ordovician: Pogonip limestone, east slope

of the ridge east of Hamburg Ridge, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D.

Walcott, 1882). i

*Obolus (Westonia) iphis.

Lingulella pogonipensis.

*Schizambon typicalis.

Acrothele sp.

Acrotreta idahoensis.

Eoorthis hamburgensis.

Syntrophia nundina.

Agnostus prolongus Hall and Whitfield.

202. (For stratigraphic position and association, see p. 139.) Lower Ordovician: Pogonip limestone on the summit

of the ridge directly southeast of the Jackson mine, northwest of Shadow Canyon, Eureka district [Hague,

1892, Atlas], Eureka County, Nev. (C. D. Walcott, 1880).

Lingulella manticula. I
Elkania ambigua.

Lingulella sp.
I

Acrotreta idahoensis.

203. (For stratigraphic position and association, see p. 139.) Lower Ordovician: Pogonip limestone on spur of

Hamburg Ridge extending out southwest from Wood Cone, Eureka district [Hague, 1892, Atlas], Eureka

County, Nev. (C. D. Walcott, 1880).

Syntrophia nundina.

Bathyurus congeneris Walcott.

Bathyurus tuberculatus Walcott.

203a. (For stratigraphic position and association, see p. 139.) Passage beds between the Upper Cambrian and

the Ordovician: Limestones at base of Pogonip limestone in the spur of Hamburg Ridge extending out

southwest from Wood Cone, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D. Walcott, 1880).

Lingulella pogonipensis.

*Acrotreta curvata.

Agnostus tumidosus Hall and Whitfield.
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204. (For stratigraphic position and association, see p. 139.) Lower Ordovician: Pogonip limestone on the

lower part of the eastern slope of the ridge east of Hamburg Ridge, facing Secret Canyon road. Eureka dis-

trict [Hague, 1892, Atlas], Eureka County, Nev. (G. D. Walcott, 1880).

*Syntrophia nundina.

205. (For stratigraphic position and association, see p. 139.) Passage beds between the Upper Cambrian and the

Ordovician: Siliceous limestone on Roundtop Mountain, Eureka district [Hague, 1892, Atlas], Eureka
County, Nev. (Arnold Hague and J. P. Iddings, 1880).

Obolus msera.

*Obolus (Westonia) sp. undt. b.

Lingulella pogonipensis.

*Acrotreta? cancellata.

Eoorthis hamburgensis.

206a. (For stratigraphic position and association, see p. 139.) Passage beds between the Upper Cambrian and the

Ordovician: Sandy limestone on Hoosac Mountain, Eureka district [Hague, 1892, Atlas], Eureka County,

Nev. (C. D. Walcott, 1880).

Acrotreta idahoensis alta.

209. (For stratigraphic position and association, see p. 139.) Lower Ordovician: Pogonip limestone on the

west side of Goodwin Canyon, Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (C. D. Walcott,

1880).

Syntrophia nundina.

211. (For stratigraphic position and association, see p. 139.) Passage beds between the Upper Cambrian and the

Ordovician: Siliceous Pogonip limestone on spur of Hamburg Ridge extending southwest from Wood Cone,

Eureka district [Hague, 1892, Atlas], Eureka County, Nev. (Arnold Hague, J. P. Iddings, and C. D. Walcott,

1880).

Lingulella pogonipensis.

214a (see 313k). (For stratigraphic position and association, see p. 139.) Ordovician: Near the base of the Pogonip

limestone. White Pine district. White Pine County, Nev. (C. D. Walcott and C. H. H., 1882).

*Obolus sp. undt. c.

214b (see 313k). (For stratigraphic position and association, see p. 139.) Lower Ordovician: Limestones near the

middle of the Pogonip limestone, White Pine district. White Pine County, Nev. (C. D. Walcott and C. H. H.,

1882).

Lingulella manticula.

216a. Ordovician: Limestone at Fossil Butte, 10 miles north of Hyko, Lincoln County, Nev. (C. D. Walcott,

1885).

Huenella sp.
*

220a. Ordovician: Shales of the "Upper Sillery" (Lauzon of Logan) on Chaudiere River, at the Grand Trunk
Railroad bridge. Province of Quebec, Canada (C. D. Walcott, 1889).

•Lingulella ellsi.

*Acrothele pretiosa.

221. (For stratigraphic position and association, see p. 139.) Ordovician: Pogonip limestone, below the white

quartzite, at the western base of Lone Mountain, Keyes Valley, 18 miles (28.8 km.) northwest of Eureka,

Eureka County, Nev. (C. D. Walcott, 1880).

Acrotreta sp. undt.

227. Lower Ordovician: Limestone near Fort Cassin, Addison Comity, Vt. (W. P. Rust, 1887).

*Syntrophia lateralis.

Localities 300-S96z, arbitrarily numbered^

300 [Matthew, 1886, p. 37]. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shaly sand-

stones, possibly of Division Id of Matthew, on Long Reach, St. John River, Kings County, New Brunswick.

*Acrotreta baileyi Matthew.

Ptychoparia robbi ? (Hartt).

301 (references follow species; see 2h). (For stratigraphic position and association, see p. 133.) Middle Cambrian:

In sandstones of Division lb2 of the " Protolenus zone" [Matthew, 1895a, p. 108], on Hanford Brook, St.

John County, New Brunswick.

Acrothele matthewi lata [Matthew, 1886, p. 42].

Acrotreta baileyi? [Matthew, 1886, p. 37].

Acrotreta gemmula [Matthew, 1895a, p. 126].

*Trematobolus insignis [Matthew, 1895a, p. 123].

*Trematobolus pristinus [Matthew, 1895a, p. 122].

*Beyrichona papilio [Matthew, 1886, p. 66].

*Beyrichona tinea [Matthew, 1886, p. 66].

" See the explanatory paragraphs on pp. 160-161.
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301a (references follow Bpecies). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Fine-
grained sandstones below the P/'otofemts-bearing shales and sandstones in Division lb3 of Matthew, Hanford
Brook, St. John County, New Brunswick.

*Acrothele matthewi lata [Matthew, 1895a, PI. V, fig. 8].

Acrothele matthewi prima [Matthew, 1895a, PL V, fig. 7].

*Acrotreta gemmula [Matthew, 1894, p. 88].

*Diplotheca acadica crassa [Matthew, 1886, p. 55].

*Diplotheca hyattiana [Matthew, 1886, p. 52].

*Agraulos? articephalus [Matthew. 1886, p. 75].

301b [Matthew, 1895a, p. 126], (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sand
stones of Division lb5 and higher of the " Protolenus zone" [Matthew, 1895a, p. 108], Hanford Brook,

St. John County, New Brunswick.

Acrotreta sagittalis transversa.

3010 [Walcott, 1884a, p. 16]. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sand-
stones of the St. John formation at Coldbrook, St. John County, New Brunswick.

*Acrotreta sagittalis transversa.

Aciotretasp.

301d [Matthew, 1895a, p. 128]. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sand-

stones of Division lb5 of Matthew, on Hanford Brook, St. John County, New Brunswick.

Acrothele prima costata.

Upper Cambrian: In Division301e [Matthew, 1903, p. 204]. (For stratigraphic position and association, see p. 131.

C3a of Matthew, in the St. John Basin, St. John County, New Brunswick.

Lingulella cf . lepis.

301f [Matthew, 1905a, p. 128]. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sand-

stones of Division lb5 of the "Protolenus zone" of Matthew, at Catons Island, in Long Reach, St. John
River, Kings County, New Brunswick.

Acrothele prima costata.

301g (references follow species; see 301w, 308h, and 308i). (For stratigraphic position and association, see p. 132.)

Middle Cambrian: Sandstones of Division Ic of Matthew, at Portland (now part of the city of St. John),

St. John County, New Brunswick.

Tangulella dawsoni [Matthew, 1886, p. 34]= Lingulella

ferruginea.

Acrothele matthewi [Matthew, 1886, p. 41].

Acrothele matthewi lata [Matthew, 1886, p. 41].

*Discinopsis giilielmi [Matthew, 1886, p. 39].

Protorthis billingsi [U. S. National Museum and Mat-

thew, 1886, p. 44].

*Protoithis latourensis (U. S. National Museum).

Protorthis quacoensi,-! [Matthew. 1886, p. 44].

Stenotheca acadica (U. S. National Museum).

Eocystites primaevus (U. S. National Museum).

.Agnostus vir [U. S. National Museum and Matthew, 1886,

p. 70].

Microdiscus dawsoni (U. S. National Museum).

Paradoxides eteminicus (U. S. National Museum).

Paradoxides eteminicus suricoides (U. S. National Mu-
seum).

Paradoxides lamellatus (U. S. National Museum).

Paradoxides micmac [U. S. National Museum and Matthew,

1886, p. 81].

Ptychoparia orestes thyrsites (U. S. National Museum)".

Ptychoparia (Liostracus) ouangondiana (U. S. National

Museum).

Ptychoparia (Liostracus) tener (U. S. National Museum).
Ctenocephalus matthewi (U. S. National Museum.)
Ctenocephalus matthewi hispidus (U. S. National Museum).

Ctenocephalus matthewi perhispidus (U. S. National Mu-
seum).

Ctenocephalus (Harttella) matthewi (U. S. National Mu-
seum).

Conocoryphe (Bailiella) baileyi (U. S. National Museum).
Conocoryphe (Bailiella) baileyi arcuata (U. S. National

Museum).

Conocoryphe (Bailiella) elegans (U. S. National Museum),

Conocoryphe (Bailiella) walcotti (U. S. National Museum).

301h (references follow species). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shales

of Division Ic of Matthew, on Hanford Brook, St. John County, New Brunswick.

*Stenotheca nasuta [Matthew, 1886, p. 58].

Agnostus vir [Matthew, 1886, p. 70].

Paradoxides micmac [Matthew, 1886, p. 81].

Eocoryne geminum [Matthew, 1886, p. 31].

Lingulella dawsoni [Matthew, 1886, p. 34]=Lingulella

ferruginea.

Acrothele matthewi [Matthew, 1886, p. 41].

*Archseocyatlius? pavonoides [Matthew, 1886, p. 30].

*Diplotheca acadica obtusa [Matthew, 1886, p. 55].

301i. (For stratigraphic position and association, see p. 133.) Middle Cambrian: Layers of Division Ibl of Matthew,
on Hanford Brook, St. John County, New Brunswick.

Acrothele matthewi.

301j (references follow species). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shales

of the St. John formation at Ratcliffs Millstream, St. John County, New Brunswick.

Acrothele matthewi [Walcott, 1884a, p. 16]! _, . . . , , ,

*Protorthi. billingsi [AValcott, 1884a, p.
18]}^''"'" *^° 'P^°^"' "^^^ ^°* "'^'^"^ ^^ *^^ '^"^^ ^^'^-
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301k (references follow species; see 308i). (For stratigraphic position and association, see p. 132.) Middle Cam-

brian: St. John formation in the city of St. John, St. John County, New Brunswick.

Lingula dawsoni [Walcott, 1884a, p. 15]=Lingulella

ferruginea.

*Acrothele matthewi [Walcott, 1884a, p. 16].

Acrotreta sagittalis transversa (U. S. National Mueeum).

Protorthis billingsi (U. S. National Museum).

Eocystites primsevus (U. S. National Museum).

Hyolithes danianus (U. S. National Museum).

Stenotheca acadica (U. S. National Museum).

Harttia matthewi (U. S. National Museum).

Agnostus acadicus (U. S. National Museum).

Microdiscus pulchellus (U. S. National Museum).

Microdiscus punctatus (U. S. National Museum).

Paradoxides acadicus (U. S. National Museum).

Paradoxides eteminicus (U. S. National Museum).

Ctenocephalus matthewi (U. S. National Museum).

Conocoryphe matthewi (U. S. National Museum).

Conocoryphe (Bailiella) baileyi (U. S. National Museum).

Conocoryphe (Bailiella) elegans 'U. S. National Museum).

Ptychoparia orestes (U. S. National Museum).

Ptychoparia robbi (U. S. National Museum).

Ptychoparia (Liostracus) ouangondiana aurora (U. S.

National Museum).

Ptychoparia (Liostracus) tener (U. S. National Museum).

3011 (references follow species). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shales

of Division Id of Matthew, on Porters Brook, St. Martins, St. John Comity, New Brunswick.

*Stenotheca concentrica [Matthew, 1886, p. 57].

*Stenotheca hicksiana [Matthew, 1886, p. 57].

*Lepiditta curta [Matthew, 1886, p. 62].

*Agnostus acadicus declivis [U. S. National Museum and

Matthew, 1886, p. 71].

*Agnostus acutilobus [U. S. National Museum and Mat-

thew, 1886, p. 74].

*Agnostus obtusilobus [Matthew, 1886, p. 73].

*Agnostus tessela [U. S. National Museum and Matthew,

1886, p. 71].

*Agnostus umbo [Matthew, 1886, p. 72].

*Agnostus vir concinnus [U. S. National' Museum and

Matthew, 1886, p. 70].

Microdiscus punctatus pulchellus [U. S. National Museum
and Matthew, 1886, p. 75].

*Paradoxides abenacus [Matthew, 1886, p. 80].

*Solenopleura acadica [Matthew, 1886, p. 77].

Lingulella dawsoni [Matthew, 1886, p. 34]=Lingulella

ferruginea.

*Lingulella linguloides [Matthew, 1886, p. 34]= Lingu-

lella ferruginea.

Acrothele matthewi [Matthew, 1886, p. 41].

Acrothele prima costata [Matthew, 1895a, p. 128].

Acrotreta misera [Matthew, 1886, p. 36].

*Protospongia (?) minor distans [Matthew, 1886, p. 30].

Eocoryne geminum [Matthew, 1886, p. 31].

*Dendrograpsus (?) primordialis [Matthew, 1886, p. 31].

*Protograpsus alatus [Matthew, 1886, p. 32].

Hyolithes (Camerotheca) danianus [Matthew, 1886, p. 50].

*Hyolithes (Camerotheca) gracilis [Matthew, 1886, p. 51].

Diplotheca acadica [U. S. National Museum and Mat-

thew, 1886, p. 55].

*Diplotheca acadica sericea [U. S. National Museum and

Matthew, 1886, p. 55].

*Diplotheca hyattiana caudata [U. S. National Museum
and Matthew, 1886, p. 54].

301m (references follow species). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shale

of Division Ic of Matthew's section on Porters Brook, St. Martins, St. John County, New Brunswick.

Protorthis quacoensis [Matthew, 1886, p. 44]. I Hyolithes (Camerotheca) danianus [Matthew, 1886, p. 50].

*Stenotheca radiata [Matthew, 1886, p. 58]. |
Eocoryne geminum (U. S. National Museum).

SOln [Matthew, 1892, p. 39]. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales of

Division 3a of Matthew, on the "right shore, " below the "falls," St. John Harbor, St. John County, New
Brimswick.

*Lingulella IsBvis.

301s [Matthew, 1894, p. 91]. Lower Ordovician: Gray sandstones of Division 3e (?) of Matthew, at McAphee's

Corner, Hardingville, St. John County, New Brunswick.

*Lingulella grandis.

301t [Matthew, 1903, p. 201]. (For stratigraphic position and association, seep. 131.) Upper Cambrian: Sandy

shales of Division C3a of Matthew, at Carlton shore, near the suspension bridge, St. John, St. John County,

New Brunswick.

Lingulella Isevis grandis.

301u (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales

of Division C3b of Matthew, in the St. John Basin, St. John County, New Brunswick.

Lingulella cf. lepis [Matthew, 1903, p. 204].

Sphserophthalmus alatus [Matthew, 1903, p. 240].
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301v [Matthew, 1890, p. 155]. Lower Cambrian: Sandy shales of Division 2b of the "basal series" of Matthew,

on Hanford Brook, St. John County, New Brunswick.

*Rustella major.

The following species were found at the same locality and approximate horizon [Walcott, 1900, p. 322]:

Micromitra (Paterina) labradorica.

Hyolithes cf . communis.

Coleoloides cf . typicalis.

301w (references follow species; see 301g, 308h, and 308i). (For stratigraphic position and association, see p. 132.)

Middle Cambrian : Shales of Division lc2 of Matthew's section at Portland (now part of the city of St. John),

St. John County, New Brunswick.

Discinopsis gulielmi (U. S. National Museum).

Acrothele matthewi (U. S. National Museum).

*Protorthis latourensis [U. S. National Museum and

Matthew, 1886, pp. 42 and 82].

Protorthis quacoensis (U. S. National Museum).

Hyolithes (Camerotheca) micmac [Matthew, 1886, p. 81].

Stenotheca triangularis [Matthew, 1886, pp. 58 and 83].

Stenotheca (Parmophorella) acadica [Matthew, 1886,

p. 60].

Agnostus regulus [Matthew, 1886, pp. 68 and 84].

Microdiscus dawsoni [Matthew, 1886, pp. 75 and 84].

Paradoxides acadicus suricus [Matthew, 1886, p. 78].

Paradoxides eteminicus (U. S. National Museum).

Ctenocephalus matthewi (U. S. National Museum).

Ctenocephalus matthewi hispidus (U. S. National

Museum).

Ptychoparia (Liostracus) ouangondiana (U. S. National

Museum).

Conocoryphe (Bailiella) baileyi (U. S. National Museum).

Conocoryphe (Bailiella) baileyi arcuata (U. S. National

Museum)

.

Conocoryphe (Bailiella) walcotti (U. S. National Museum).

301x [Matthew, 1891, p. 148, and on label with the specimens in Matthew's collection]. (For stratigraphic posi-

tion and association, see p. 131.) Middle Cambrian: Sandstones of Division C2c of Matthew, Dunns Shore,

Simonds, near St. John, St. John County, New Brunswick.

Lingulella radula aspera=Lingulella radula.

301y [Matthew, 1891, p. 148, and Museum of Comparative Zoology]. For stratigraphic position and association,

see p. 131.) Middle Cambrian: Shaly sandstones of Division C2c of Matthew, east side of Courtney Bay,

St. John, New Brunswick.

*Lingulella radula aspera=Lingulella radula.

301z (references follow species). (For stratigraphic position and association, see p. 132.) Middle Cambrian: Divi-

sion Ic of Matthew, on Ratcliffs Millstream, St. John County, New Brunswick

Lingulella dawsoni [Matthew, 1886, p. 34]=Lingulella ~ "
"

femiginea.

Harttia matthewi [Matthew, 1886, p. 61].

303 [U. S. National Museum]. Middle Cambrian: Limestone east of West Gallatin (Gallatin) River, above

Gallatin, Gallatin County, Mont.

Hyolithes (Camerotheca) danianus [Matthew, 1886, p. 50].

Conocoryphe (Bailiella) elegans (U.S. National Museum).

*Acrotreta attenuata var.

Eoorthis hamburgensis.

Eoorthis sp.

Micromitra pealei.

*Micromitra sculptilis.

Obolus matinalis.

*Acrotreta attenuata.

302a [U. S. National Museum]. Middle Cambrian: Limestones at several places on the south side of Gallatin

Valley, Gallatin County, Mont.

Micromitra sculptilis.

Acrotreta idahoensis. y

302b [U. S. National Museum]. Middle Cambrian: Limestones near Crowfoot Ridge, Gallatin quadrangle (U. S.

G. S.), Yellowstone National Park, Wyo.
*Lingulella (Lingulepis) acuminata meeki.

Dicellomus nanus.

Acrotreta idahoensis.

Eoorthis remnicha.

Micromitra sculptilis

*Micromitra sp. undt.

Obolus rotundatus.

Lingulella desiderata.

Lingulella sp.

These species may not all be from the same bed or from exactly the same locality.

302c [U. S. National Museum]. Upper Cambrian: Shaly limestone on south side of Gallatin Valley, Yellowstone

National Park, Wyo.

Micromitra sculptilis.

*Eoorthis iddingsi.
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302d [0. S. National Museum]. Upper Cambrian: Limestone 200 yards (183 m.) north of the southwest comer of

sec. 18, T. 28 N., R. 113 W., Uinta County, Wyo. (E. E. Smith).

Obolus matinalis.

Obelus sinoe.

Eoorthis iddingsi.

302e [U. S. National Museum]. Upper Cambrian: Limestone near the top ol the Deadwood formation in Big

Popo Agie Canyon, near Lander, Fremont County, Wyo. (N. H. Darton).

Eoorthis wichitaensis.

302f [U. S. National Museum]. Upper Cambrian: Upper part of the Gallatin formation, north side of Elk Pass,

between Buffalo and Slough creeks, Yellowstone National Park, Livingston quadrangle (U. S. G. S.),

Mont.

Billingsella coloradoensis.

Otusia sandbergi.

302g [U. S. National Museum]. Upper Cambrian: Limestone on the north slope of Crowfoot Ridge, south of the

Gallatin Valley, Gallatin quadrangle (U. S. G. S.), Yellowstone National Park, Wyo.
Billingsella coloradoensis.

302h [U. S. National Museum]. Upper Cambrian: Limestone on the divide between Panther Creek and
Gallatin River, Gallatin quadrangle (U. S. G. S.), Yellowstone National Park, Wyo.

Billingsella coloradoensis.

• 302j [U. S. National Museum records]. Lower Ordovician: Limestone on the east side of West Gallatin (Gallatin)

River, above Gallatin, Gallatin County, Mont.

„„, , ,, ^
'

. ^These species may not be from the same exact locality.
"Clarkella montanensis.j

302k [U. S. National Museum]. Middle Cambrian: Limestone near Gallatin, Threeforks quadrangle (U. S.

G. S.), Gallatin County, Mont.

Dicellomus politus.

3021 [U. S. National Museum]. Middle Cambrian: Limestone in the Gallatin Range, Yellowstone National Park,

Wyo.
*Lingulella desiderata.

302m [U. S. National Museum]. Middle Cambrian: Middle of shale above lower sandstone on Billy Creek, in the

Bighorn Mountains, Sheridan County, Wyo. (N. H. Darton, 1902).

Lingulella (Lingulepis) acuminata.

Dicellomus nanus.

302n [U. S. National Museum]. Upper Cambrian: Limestone on the south side of the Gallatin Valley, Gallatin

County, Mont.

Eoorthis remnicha.

302o [U. S. National Museum]. Middle Cambrian: Sandstones just above the granite west of Garfield Peak, 50

miles (80.5 km.) west of Casper, Natrona County, Wyo. (N. H. Darton).

*Obolus (Westonia) dartoni.

302p [U. S. National Museum]. Upper Cambrian: Middle limestone of the Deadwood formation near the summit
of the Owl Creek Mountains, 18 miles (29 km.) southwest of Thermopolis, Fremont County, Wyo. (N. H.

Darton).

Billingsella coloradoensis.

Huenella abnormis.

Ptychoparia.

302q [U. S. National Museum]. Upper Cambrian: About 1,000 feet (305 m.) above the quartzitic sandstones in

the " Yogo limestone (Devono-Silurian) " of W. H. Emmons [1907, p. 34], on Rock Creek, Phillipsburg quad-

rangle (U. S. G. S.), Granite County, Mont. (E. M. Kindle, 1907).

Billingsella coloradoensis.

302r [U. S. National Museum]. Upper Cambrian: About 1,000 feet (305 m.) above the quartzitic sandstones in

the "Yogo limestone (Devono-Silurian) " of W. H. Emmons [1907, p. 34], near Princeton, Phillipsburg quad-

rangle (U. S. G. S.), Granite County, Mont. (E. M. Kindle, 1907).

Obolus cf. discoideus. I Agraulos.

Billingsella coloradoensis. 1 Anomocare.

Cyrtolites.
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302s [U. S. National Museum]. Middle Cambrian: Dark siliceous shale in a quarry in Last Chance Gulch, south

slope of Mount Helena, 1.5 miles (2.4 km.) south of Helena, Jefferson County, Mont.

Obolus (Westonia) ella.

*Lingulella helena.

Dicellomus politus.

302t [U. S. National Museum], Middle Cambrian: Limestone northeast of Logan, Threeforks quadrangle (U. S.

G. S.), Gallatin County, Mont.

Micromitra (Iphidella) pannula.

Acrotreta sp. undt.

Ptychoparia.

302u [U. S. National Museum]. Upper Cambrian: Upper limestone of the Deadwood formation north of Cheever's

ranch, on the summit of the Bighorn Mountains, Wyo. (N. H. Darton).

Dicellomus nanus.

302v [U. S. National Museum]. Ordovician: Sandstones 2 miles (3.2 km.) west of the main summit of Buffalo

Fork Peak [see St. John, 1877, pp. 468 and 469 and map opposite p. 324 (near station XLIX)], about 25

miles (40 km.) east of Jackson Lake, Uinta County, Wyo,
Dicellomus nanus.

302w [U. S. National Museum]. Middle Cambrian: Limestone at Madison Mountain, Mont.

Acrotreta idahoensis.

Billingsella coloradoensia.

302x [U. S. National Museum]. Middle Cambrian: Sandstones near the head of Powder River, Bighorn Mountains,

Wyo. (F. V. Hayden).

Obolus since.

302y [U. S. National Museum]. Middle Cambrian: Sandstone on Johnson Creek, Bighorn Mountains, Wyo.
(N. H, Darton, 1902).

Dicellomus nanus.

302z [U. S. National Museum]. Middle Cambrian: Limestone on Mill Creek, near Landusky, Little Rocky
Mountains, Chouteau County, Mont. (W. H. Weed).

Dicellomus nanus.

303 [Barrande, 1879b, PL XCV]. (For stratigraphic position and association, see p. 124.) Lower Ordovician: Etage

d3 at Konigshof, Bohemia, Austria-Hungary.

*Acrotreta babel.

303a (references follow species). (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage d3 at Trubin, Bohemia, Austria-Hungary.

Lingulella? simplex [Barrande, 1879b, PI, CIV],

Acrotreta babel? [Barrande, 1879b, PI. XCV],

30313 [Barrande, lS79b, PI. CXXVI]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl in the environs of Rokitzan, Bohemia, Austria-Hungary.

*Obolus? rokitzanensis.

303c (references follow species). (For stratigraphic position and association, see p, 124.) Passage beds between

the Upper Cambrian and the Ordovician: Suburbs of Hof, Bavaria, Germany.

*Obolus? bavaricus [Barrande, 1868a, p. 100].

*Obolus? minor [Barrande, 1868a, p. 105].

*Obolus? palliatus [Barrande, 1868a, p. 105].

*Lingulella cedens [Barrande, 1868a, p. 102].

*Lingulella? humillima [Barrande, 1868a, p. 101],

*Lingulella signata [Barrande, 1868a, p. 103].

Lingulella wirthi [Barrande, 186Sa, p. 101].

*Acrotreta inchoans [Barrande, 1868a, p. 102].

*Orbiculoidea contraria [Ban-ande, 1868a, p. 104].

*Orbiculoidea varians [Barrande, 1868a, p. 103].

*Eoorthis bavarica [Barrande, 1868a, p. 99].

303d (references follow species). (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Swarow, Bohemia, Austria-Hungary.

*Obolus? advenus [Barrande, 1879b, PL XCV].
Lingulella? insons [Barrande, 1879b, PL CV].

*Acrotreta? minima [Barrande, 1879b, PL XCV].
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303e [Barrande, '1879b, PI. CV]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Sta. Benigna, Bohemia, Austria-Hungary.

*Lingulella? insons.

303f [Pompeckj, 1896a, pp. 7 and 8]. (For stratigraphic position and association, see p. 124.) Passage beds between
the Upper Cambrian and the Ordovician: Railway cut near Schellenberg, a little distance back of the

railway station at Neuhof, near Hof, Bavaria, Germany.
Lingulella cedens.

Lingulella? humillima.

Lingulella wirthi.

Lingula n. sp.

Acrotreta inchoans.

Acrotreta n. sp.

Orbiculoidea contraria.

Orbiculoidea varians.

Orthis sp.^Eoorthis bavarica.

Macrocystella bavarica.

Bellerophon n. sp.

Bavarilla hofensis.

Dikellocephalus (?) bavaricus.

Niobe innotata.

Niobe discrepans.

303g [BaiTande, 1879b, PI. CXI]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Rabenberg, Bohemia, Austiia-Hungary.

*Obolus? ancillus.

Obolus? complexus.

303h [Barrande, 1879b, PI. XCV]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Milinsky Wrch, near Wolesqhna, Bohemia, Austi'ia-Hungary.

Obolus complexus.

303i (references follow species). (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Kruschna Hw'a, Bohemia, Austria-Hungary.

*Obolus complexus [Barrande, 1879b, PI. XCV].

*Obolus feistmanteli [Barrande, 1879b, PI. CXj.

303j [Barrande, 1879b, PI. CVI]. (For stratigraphic position and association, see p. 124.) Lower Ordovician: Etage

dl at Czerhowitz, Bohemia, AustriarHungary.

Obolus feistmanteli.

303k [Ban-ande, 1879b, PI. CXI]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Hradischt, Bohemia, Austria-Hungary.

^Obolus? mirandus.

3031 [Barrande, 1879b, PI. CVI]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage dl at Libetschov, Bohemia, Austria-Hungary.

*Obolus? (Westonia?) lamellosus.

Lingula? eximia.

303m [Barrande, 1879b, PI. CIV]. (For stratigraphic position and association, see p. 124.) Ordovician* Etage

d4 at Lieben, Bohemia, Austria-Hungary.

^Lingulella davidsoni.

303n [Barrande, 1879b, PI. CIV]. (For stratigraphic position and association, see p. 124.) Ordovician: Etage d4

at Wraz, Bohemia, Austria-Hungary.

Lingulella davidsoni.

303o [Barrande, 1879b, PL CIV]. (For stratigraphic position and association, see p. 124.) Ordovician: Etage d4

at Lodenitz, Bohemia, Austria-Hungary.

Lingulella davidsoni,

303p [Barrande, 1879b, PI. CIV]. (For stratigraphic position and association, see p. 124.) Lower Ordovician:

Etage d3 in the environs of Beraun, Bohemia, Austria-Hungary.

*Lingulella? simplex.

.304 [Matley, 1902, p. 145]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: "Bronsil"

shales at ^^^lite Leaved Oak, Malvern Hills, between Herefordshire and Worcestershire, England.

Acrotreta belti.
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304a [Groom, 1902, p. 110]. (For stratigraphic position and association, see p. 135.) Upper Cambrian; "Bronsil"

shales, Malvern Hills, between Herefordshire and Worcestershire, England.

Obolus (Broggeria) salteri.

Lingulella nicholsoni.

Lingulella? sp.=Acrothyra?.

Lingula sp.

Acrotreta belti.

Acrotreta of. nicholsoni.

Acrotreta sabrinse.

Acrotreta cf . socialis.

Dictyonema sociale Salter.

Tomaculum problematicum Groom.

(?) Hyolithes assulatus Groom.

Agnostus dux Callaway.

Cheirurus frederici Salter.

Platypeltis croftii Callaway?.

Asaphellus affinis McCoy?.

Parabolinella (?) triarthrus Callaway?.

Acanthopleurella grindrodi Groom.

Niobe homfrayi Salter?.

(?) Niobe? sp., near 0. peltata Salter.

304b [Groom, 1902, p. 109]. (For stratigraphic position and association, see p. 135.) (See 304f, the "black shales"

being another name for the "White Leaved Oak shales"). Upper Cambrian: Lower part of the "White

Leaved Oak" shales (the zone of Polyphyma), Malvern Hills, between Herefordshire and Worcestershire,

England.

Micromitra pusilla.

Lingulella nicholsoni (doubtfully).

Acrotreta sabrinse.

Polyphyma lapworthi Groom.

Small ostracod.

Protospongia fenestrata Salter.

Plant remains (?).

Agnostus sp.

304c [Groom, 1902, p. 94]. (For stratigraphic position and association, see p. 136.) Lower Cambrian: "Malvern

quartzite" at Raggedstone Hill, Malvern Hills, between Herefordshire and Worcestershire, England.

Micromitra (Paterina) phillipsi. I
Hyolithes fistula (Holl).

Obolella groomi.
'

|
Hyolithes primaevus Groom.

304d [Groom, 1902, p. 94]. (For stratigraphic position and association, see p. 136.) Lower Cambrian: "Malvern

quartzite " at Midsummer Hill, Malvern Hills, between Herefordshire and Worcestershire, England.

Micromitra (Paterina) phillipsi.

Obolella groomi.

304e [Davidson, 1866, p. 62]. (For stratigraphic posilion and association, see p. 135.) Upper Cambrian: Upper

part of the black "White Leaved Oak" shales at Coal Hill, east end of the Malvern Hills, between Hereford-

shire and Worcestershire, England.

*Obolus (Broggeria) salteri.

304f [Salter, 1865, p. 102]. (For stratigraphic position and association, see p. 135.) (See 304b, the "black shales"

being another name for the "Wbite Leaved Oak shales. ") Upper Cambrian: " Black shales " in the Malvern

Hills, between Herefordshire and Worcestershire, England.

*Lingulella (Lingulepis?) pygmsea.

304g (references follow species). (For stratigraphic position and association, see p. 135.) Upper Cambrian: Sand-

stones of the HoUybush series (horizon of Middle Lingula beds [Davidson, 1866, p. 63]), Malvern Hills,

between Herefordshire and Worcestershire, England.

*Micromitra (Paterina) phillipsi [Holl, 1865, p. 89].

*Lingulella (Lingulepis?) squamosa [Holl, 1865, p. 102].

Groom [1902, p. 109] cites the foUowiug from the "Hollybush sandstones'

Hyolithes, 2 or more species.

Coleoloides? sp.

Scolecoderma antiquissima (Salter).

Modiolopsis? sp.

Foraminifera (glauconitic casts).

Micromitra phillipsi.

Acrotreta sagittalis?.

Hyolithes fistula (Holl).

Hyolithes malvernensis Groom.

Hyolithes primaevus Groom.

30411 [U.S. National Museum]. (For stratigraphic position and association, see p. 135.) Upper Cambrian : Shineton

shales, Mary Dingle, South Shropshire, England.

Acrotreta nicholsoni.

*Acrotreta sabrinse.

304i [Callaway, 1877, p. 669]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Shineton

shale at Shineton, Mary Dingle, Dryton, Cressage, 1 mile (1.6 km.) west of Cressage, west of Harley, and.

under Cound-Moor quarry, all in South Shropshire, England.

*Lingulella nicholsoni.

Acrotreta sabrinse.

304j [Mason College collections]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Stockingford shales, Puxley Park Lane, halfway up the path to the quarry, Atherstone, Warwickshire,

England (C. A. Matley, 1894).

Acrothele intermedia?.

Acrotreta sabrinse.



LOCALITIES. 237

304k [Davidson, 1883, pp. 208 and 209]. (For stratigraphic position and association, see p. 135.) Upper Cambrian:

Shineton shale at Bull Hill Cottage and Pewardine, both in South Shropshire, England.

Lingulella nicholsoni.

3041 [Geol. Survey Great Britain]. (See304p.) (For stratigraphic position and association, see p. 135.) Upper
Cambrian: Shineton shales at the following localities of the Geological Survey of Great Britain: 2246, 2481,

2499, 2512, 2513, 2541, 2548, 2556, 2567, 2625, and 2627, all of which are on Shineton Brook and vicinity,
' South Shropshire, England.

Lingulella nicholsoni.

304n [McCoy. 1854, p. 254]. (For stratigraphic position and association, see p. 135.) Ordovician: "Coniston (Bala)

limestone " at Coniston, Lancashire, England.

Lingulella davisi.

3040 [U. S. National Museum]. (For stratigraphic position and association, see p. 136.) Lower Cambrian: Sand-

stone at Nuneaton, England.

Micromitra (Paterina) labradorica.

304p [Geol. Survey Great Britain]. (See 3041.) (For stratigraphic position and association, see p. 135.) Upper
Cambrian: Shineton shales at the following localities of the Geological Survey of Great Britain: 2495, 2536,

2543, 2545, 2558, and 2580, all of which are on Shineton Brook, South Shropshire, England (Chas. Lapworth).

Acrotreta sabrinse.

305 [Davidson, 1871, p. 341]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Tremadoc shales, Craig-y-dinas, North Wales.

*Acrotreta belli.

305a [Davidson, 1866, desc. of PI. III]. (For stratigraphic position and association, see p. 135.) Upper Cambrian:

Upper Tremadoc beds at Moel-y-gest, northwest side, Carnarvonshire, North Wales.

Lingulella lepis.

305c. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower Tremadoc slate, every-

where in the Tremadoc district, Carnarvonshire, North Wales.

Lingulella lepis.

305d [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: In the

Upper Lingula flags near Tremadoc, Carnarvonshire, North Wales.

Lingulella lepis?.

305e [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper

Tremadoc beds near Tai-hirion, Arenig, North Wales.

Lingulella lepis.

305f [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Tremadoc beds east of Pont Nant-y-Ladron, on the Bala road from Ffestiniog, Merionethshire, North Wales.

Lingulella lepis.

305g [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Tremadoc at Wern, North Wales.

Lingulella lepis.

30511 [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Tremadoc at Borthwood, North Wales.

*Lingulella lepis.

3051 [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Tremadoc at Trwyn-y-Iago, North Wales.

Lingulella lepis.

305] [Davidson, 1866, p. 54]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Tremadoc at Cefn Cyfarnedd, North Wales.

Lingulella lepis.

306 [Geol. Survey Canada]. Upper? Cambrian: Sandy limestone on Gravel River, eastern slope of the Rocky

Mountains, in the Mackenzie basin, British Colimibia (J. Keele, 1908).

Billingsella coloradoensis.

Eoorthis desmopleura?.
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307 (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales

of Division C3c of Matthew on McLeod Brook (=Barachois Eiver), Cape Breton, Nova Scotia.

Obolus refulgens [Matthew, 1903, p. 213],

*Lingulella concinna [Matthew, 1903, p. 204].

Leptobolus gemmulus [Matthew, 1903, p. 192]=LinguleIla

ferruginea.

Leptobolus cf. linguloides [Matthew, 1903, p. 193]=

lella ferruginea.

Linnarssonia cf. belti [Matthew, 1903, p. 210].

*Acrotreta bisecta [Matthew, 1903, p. 187].

*Schizambon priscus [Matthew, 1903, p. 188].

307a (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales

of Division C3c2 of Matthew [1903, p. 240], on McLeod Brook (=Barachois River), near Boisdale, eastern

Cape Breton, Nova Scotia-.

*Bellerophon insulse [Matthew, 1903, p. 217].

*Bellerophon semisculptus [Matthew, 1903, p. 219].

*Parabolinella? cf. limitis [Matthew, 1903, p. 226].

*Parabolinella? quadi-ata [Matthew, 1903, p. 226].

*Triarthrus belli [Matthew, 1903, p. 231].

*Angelina? sp. [Matthew, 1903, p. 232].

*Asaphellus homfrayi var. [Matthew, 1903, p. 235].

*Asaphellus? planus [Matthew, 1903, p. 238].

*Lingulella cf. davisi [Matthew, 1903, p. 203].

*Lingulella cf. lepis [Matthew, 1903, p. 240].

Lingulella cf. linguloides [Matthew, 1903, p. 240]=Lingu

lella ferruginea.

Acrotreta sipo [Matthew, 1903, p. 186]=Aerotreta bisecta.

*Urotheca sp. [Matthew, 1903, p. 183].

*Modiolopsis? cf. solvensis [Matthew, 1903, p. 217].

*Bellerophon bretonensis [Matthew, 1903, p. 218].

307b [U. S. National Museum]. (For stratigraphic position and association, see p. 131.) Middle Cambrian: Sand-

stone on McPhees Brook, Cape Breton, Nova Scotia.

Lingulella radula.

307c [Matthew, 1903, p. 205]. (For stratigraphic position and association, see p. 131.) Middle Cambrian: Sand-

stones probably belonging with Division C2c of Matthew, on Mira River, eastern Cape Breton, Nova

Scotia.

Lingulella radula.

307d (references follow species). (For stratigraphic position and association, see p. 134.) Middle Cambrian:

Sandy limestone of Division E2a? of Matthew's Etcheminian on Young (McPees) Point '[Matthew,

1903, p. 19], near George River station. Cape Breton, Nova Scotia.

*Obolus sequiputeis [Matthew, 1903, p. 140]=Obolus sel-

wyni.

*Obolus selwyni [Matthew, 1903, p. 123].

*Luigulella atava insulee [Matthew, 1903, p. 110].

Obolus discus [Matthew, 1903, p. 79]=LLQgulella triparilis.

*Liiigulella (Lingulepis) roberti [Matthew, 1903, p. 132].

Acrotreta sp. [Matthew, 1903, p. 96].

*Billingsella retroflexa [Matthew, 1903, p. 149].

*Hyolithes cf. tenuistriatus [Matthew, 1903, p. 83].

*Paradoxidoid trilobite [Matthew, 1903, p. 176].

*Holasaphus centropyge [Matthew, 1903, p. 176].

*Eurypterid (?) crustacean [Matthew, 1903, p. 79].

307e [Matthew, 1903, p. 216]. (For stratigraphic position and association, see p. 131.) Upper Cambrian; Lime-

stone in Division C3b? (possibly C3c) on Gillis Brook, eastern Cape Breton, Nova Scotia.

Orusia lenticularis.

307f [Matthew, 1903, p. 198]. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Shales

of Division C2a on McLean Brook, Mira River, Cape Breton, Nova Scotia.

Lingulella (Lingulepis) exigua.

307g (references follow species). (For stratigraphic position and association, seep. 132.) Middle Cambrian: Shales

of Division C2b on McLean Brook, above Marion Bridge, Mira River, Cape Breton, Nova Scotia.

Lingulepis stan-i var. [Matthew, 1903, p. 195]=Lingulella (Lingulepis) exigua.

Lingulepis starri exigua [Matthew, 1903, p. 198]= Lingulella (Lingulepis) exigua.

Beyrichia triceps [Matthew, 1903, p. 220].

307h [Matthew, 1903, p. 216]. (For stratigraphic position and association, see p. 131.) Upper Cambrian: In Divi-

sion C3b? (possibly C3c) on McLeod Brook (= Barachois River), eastern Cape Breton, Nova Scotia.

Orusia lenticularis.

307i (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: In

Division C3b of Matthew's section on McNeil Brook, east of Mira River, eastern Cape Breton, Nova Scotia.

Orusia lenticularis [Matthew, 1903, p. 216].

*Agnostus acadicus cf. declivis [Matthew, 1903, p. 223].

Agnostus trisectus? [jMatthew, 1903, p. 223].

Sphserophthalmus alatus [Matthew, 1903, p. 229].

Peltura scarabeeoides [Matthew, 1903, p. 223].

Ctenopyge lobata? [Matthew, 1903, p. 223].
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307] (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Lime-
stone in Division C3b? (possibly C3c), on East Bay, east of Bras d'Or Lake, eastern Cape Breton, Nova Scotia.

Orusia lenticularis [Matthew, 1903, p. 216].

*Agnostus trisectus germanus [Matthew, 1903, p. 221],

*Agnostus cf. cyclopyge [Matthew, 1903, p. 222],

*Parabolina dawsoni [Matthew, 1903, p. 224].

Ctenopyge pecten [Matthew, 1903, p. 230].

308 (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales

of Division C3c of Matthew, at Navy Island, St. John Harbor, New Brunswick.

*Obolu8 refulgens [Matthew, 1892, p. 45].

*Obolella gemmula [Matthew, 1892, p. 41]=Liiigulella

terruginea.

Schizambon priscus [Matthew, 1901a, p. 278].

Acrotreta baileyi [Matthew, 1892, p. 43]=Acrotretabisecta.

*Linnarssonia belti? [Matthew, 1892, p. 42].

308a [Matthew, 1893b, p. 103]. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Dark
shales of Division C3a of Matthew's section of the St. John terrane, Navy Island, St. John Harbor, St. John
County, New Brunswick.

*Eoorthis atava.

308b (references follow species). (For stratigraphic position and, association, see p. 131.) LTpper Cambrian: Lime-
stone lentiles in black shales of Division C3a of Matthew's section, Germaine Street, St. John, St. John
County, New Brunswick.

Orusia lenticularis [Matthew, 1892, p. 48].

*Orusia lenticularis atrypoides [Matthew, 1892, p. 48].

*Orusia lenticularis lyncioides [Matthew, 1892, p. 48].

*Eoorthis johannensis [Matthew, 1892, p. 49].

Parabolina spinulosa [Matthew, 1892, p. 51].

Protopeltura acanthura tetracanthura [Matthew, 1892,

p. 53].

Conocephalites contiguus [Matthew, 1892, p. 58].

308c [Matthew, 1891, p. 147]. (For stratigraphic position and association, seep. 132.) Upper Cambrian: Shales

of Division 2b of Matthew's Johannian at St. John, St. John County, New Brunswick.

*Lingulella (Lingulepis) stan-i.

308d [Matthew, 1894, p. 121]. (For stratigraphic position and association, see pp. 132 and 133.) Middle Cam-
brian: Sandstones of Division Clb2-4 of Matthew's section on Catons Island, in Long Reach, St. John
River, Kings County, New Brunswick.

*Botsfordia pulchra.

308e [Matthew, 1895a, p. 126]. (See 2f and 2g.) (For stratigraphic position and association, see p. 133.) Middle
Cambrian: Beds of Division Clbl of the "Protolenus zone" [Matthew, 1895a, p. 108], on Hanford Brook,

St. John County, New Brunswick.

Botsfordia cselata.

308f (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian: Lime-
stone lentiles in black shales of Division C3a of Matthew's section, King Street, St. John, St. John County,

New Brunswick.

Orusia lenticularis [Matthew, 1903, p. 216].

Ctenopyge pecten [Matthew, 1903, p. 229].

308g [Matthew, 1897, p. 71]. (See 2u.) (For stratigraphic position and association, seep. 132.) Middle Cam-
brian: Shales of Division lb3 or lb4 of Matthew's section on Long Island [Matthew, 1898, pp. 124 and 127],

Kennebecasis Bay, St. John County, New Brunswick.

*Trematobolus kempanum.

308h [U. S. National Museum]. (See 301g, 301w, and 3081.) (For stratigraphic position and association, see

p. 132.) Middle Cambrian: Shales of Division Icl of Matthew's section at Portland (now part of the city

of St. John), St. John County, New Brunswick.

Discinopsis gulielmi. i Microdiscus dawsoni Hartt.

Acrothele matthewi.

Protorthis billingsi.

Protorthis latourensis.

Eocystites primsevus Billings.

Hyolithes micmac Matthew.

Paradoxides eteminicus Matthew.

Paradoxides lamellatus Hartt.

P&radoxides micmac.

Ctenocephalus matthewi perhispidus.

Ptychoparia (Liostracus) tener (Hartt).

308i [U. S. National Museum]. (See 301g, 301k, 301w, and 308h.) For stratigraphic position and association,

see p. 132.) Middle Cambrian: Shales in Portland (now a part of the city of St. John), St. John County,

New Brunswick.

Protorthis billingsi.

Paradoxides sp.
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309 (references follow species). (For stratigraphic position and association, see p. 144.) Passage beds between the

Cambrian and Ordovician: Ceratopyge limestone (zone 4 of Moberg and Segerberg) at FogeMng, 5 miles

(8 km.) east of Lund, Province of Malmohus, Sweden.

1906, Symphysm-us angustatus [Moberg and Segerberg, 1906,

desc. of PL V].

Symphysunis elongatus [Moberg and Segerberg, 1906, desc.

of PI. V].

Nileiis armadillo [Moberg and Segerberg, 1906, desc. of

PL VI].

Niobe insignis angustifrons [Moberg and Segerberg, 1906,

desc. of PL VI].

Niobe laeviceps [Moberg and Segerberg, 1906, desc. of

PL VI].

Megalaspis intacta [Moberg and Segerberg, 1906, desc. of

PI. VI].

Orometopus elatifrons [Moberg and Segerberg, 1906, desc.

of PL VII].

Cyrtometopus sp. [Moberg and Segerberg, 1906, desc. of

PL VII].

Harpina (Harpes) excavata? [Moberg and Segerberg, 1906,

desc. of PL VII].

Crossoura parvula [Moberg and Segerberg, 1906, desc.

of PL VII]..

Obolus (Broggeria) salteri [Moberg and Segerber<

desc. of PL I].

Lingida? pi-oducta [Moberg and Segerberg, 1906, p. 63]=
Lingulella lepis.

Lingula? ordovicensis [Moberg and Segerberg, 1906,

p. 63]=Lingulella lepis.

*Acrotreta carinata [Moberg and Segerberg, 1906, desc. of

PL III].

*Acrotreta circularis [Moberg and Segerberg, 1906, p. 66].

Obolella (Acrotreta?) sagittalis [Moberg and Segerberg,

1906, desc. of PL I]=Acrotreta sagittalis.

Capulus ceratopygarum [Moberg and Segerberg, 1906,

desc. of PL III].

Agnostus sidenbladhi iirceolatus [Moberg and Segerberg,

1906, desc. of PL IV].

Agnostus fossulatus [Moberg and Segerberg, 1906, desc. of

PL IV].

Euloma ornatum [Moberg and Segerberg, 1906, desc. of

PL IVj.

Harpides rugosus [Moberg and Segerberg, 1906, desc. of

PL V].

Ceratopyge latelimbata [Moberg and Segerberg, 1906, desc.

of PI. V].

309a [Moberg and Segerberg, 1906, p. 621. (For stratigraphic position and as!30ciation, see p. 145.) Upper Cambrian:
Bryograptus slate (zone 2) at Fogelsang, 5 miles (8 km.) east of Lund, Province of Malmohus, Sweden.

Lingulella lepis.

Lingula? bryograptorum= Lingulella lepis.
. .

309b [Moberg and Segerberg, 1906, p. 63]. (For stratigraphic position and association,, see p. 145.) Upper Cambrian:
Dictyograptus slate (zone ]) at Flagabro, Province of Malmohus, Sweden.

Lingula? corrugata=Lingulella lepis.

309c [Linnarsson, 1869a, p. 357; and U. S. National Museum]. (For stratigraphic position and association, see

p. 146.) Lower Cambrian: "Fucoid sandstone " at Billingen, east of Skara, Province of Skaraborg, Sweden.
Obolella (Glyptias) favosa.

309d [Linnarsson, 1869a, p. 357]. (For stratigraphic position and association, see p. 146.) Lower Cambrian: "Fucoid
sandstone" at Lugnas, 23 miles (37 km.) northeast of Skara, Province of Skaraborg, Sweden.

*Obolella (Glyptias) favosa.

309e [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Shales

of the Acerocare zone at Akarpsmolla, midway between K^gerod and Rostfinga, Province of Malmohus,
Sweden (J. C. Moberg).

Eoorthis christianise.

309f [U. S. National Museum]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Shale

at Borgholm, Oeland Island, Sweden.

Acrothele (Redlichella) granulata

3091i [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Lime-
stones of the Dictyograptus flahelliforrms zone at Fogelsang, 5 miles (8 km.) east of Lund, Province of

Malmohus, Sweden.

Obolus (Broggeria) salteri.

3091 [U. S. National Museum], (See 390g.) (For stratigraphic position and association, see p. 145.) Upper
Cambrian: Limestones at Sandby, 6 miles (9.6 km.) east-northeast of Lund, Province of Malmohus, Sweden.

Obolus (Broggeria) salteri.

309] [U. S. National Museum]. (See 309m and 320q.) (For stratigraphic position and association, see p. 145.)

Upper Cambrian: Shale at Alunbruk (alum works), southern part of Oeland Island, Sweden.
Obolus (Broggeria) salteri.

3091 [U. S. National Museum]. (See 310h.) (For stratigraphic position and association, see p. 145.) Upper?
Cambrian: Shale collected somewhere in Sweden, exact locality unknown.

Obolus (Broggeria) salteri.
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309m [U. S. National Museum], (See 309j.) (For stratigraphic position and association, see p. 145.) Upper Cam.
brian: Limestones forming 3c of the Olenus series at Alunbruk (alum works), southern part of Oeland

Island, Sweden (Schmalensee, 1899).

Orusia lenticularis.

310 (references follow species). (For stratigraphic position and association, see p. 144.) Passage beds between the

Upper Cambrian and the Ordovician: Cemtopyge limestone (zone 4 of Moberg and Segerberg), Ottenby,

Oeland Island, Sweden.

Lingula producta [Moberg and Segerberg, 1906, p. 63]=

Lingulella lepis.

Lingula ordovicensis [Moberg and Segerberg, 1906, p. 63]=

Lingulella lepis.

Acrothele barbata [Moberg and Segerberg, 1906, p. 67]=

Acrothele ceratopygarum.

"Acrotreta circularis [Moberg and Segerberg, 1906, p. 66].

Acrotreta carinata [Moberg and Segerberg, 1906, p. 66].

Eoorthis christianiEe [Moberg and Segerberg, 1906, desc. of

PI. III]=Eoorthis daunus.

Eostrophomena elegantula [Moberg and Segerberg, 1906,

desc. of PI. III].

Lamanskya splendens [Moberg and Segerberg, 1906, desc.

of PI. III].

Meristella difiormis [Moberg and Segerberg, 1906, desc. of

PL III].

Agnostus sidenbladhi urceolatus [Moberg and Segerberg,

1906, desc. of PL IV].

Agnostus trinodus [Moberg and Segerberg, 1906, desc. of

PL IV].

Triarthrus angelini [Moberg and Segerberg, 1906, desc. of

PL IV].

Acerocare n. sp.? [Moberg and Segerberg, 1906, desc. of

PL IV].

Ceratopyge forficula [Moberg and Segerberg, 1906, desc. of

PL V].

Dikellocephalus broggeri [Moberg and Segerberg, 1906,

desc. of PL V].

310a [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Shales

of Olenus truncatus zone, Oeland Island, Sweden.

*Acrotreta conula.

Orusia lenticularis.

Olenus truncatus Brunn.

310b [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Dark-

brown limestone at Borgholm, Oeland Island, Sweden.

Acrotreta schmalenseei. 1 mi ^ • j. ^-u i j
T,.,,. 1, , ^ These two species may not occur m the same bed.
Bulmgsella exporrecta.

J

^

3100 [Wallerius, 1895, p. 66]. (See 310p.) (For stratigraphic position and association, see p. 146.) Middle Cam-
brian: Limestone of the Paradoxides celandicus zone on Oeland Island, Sweden.

Acrotreta schmalenseei.

310d [U. S. National Museum]. (See 390i.) (For stratigraphic position and association, see p. 145.) Upper Cam-
brian: Ceratopyge slate at Borgholm, Oeland Island, Sweden (Schmalensee, 1899).

Apatocephalus serratus [Moberg and Segerberg, 1906, desc.

of PL V].

Symphysiu^us angustatus [Moberg and Segerberg, 1906,

desc. of PL V].

Symphysm'us breviceps [Moberg and Segerberg, 1906,

desc. of PL V].

Nileus armadillo [Moberg and Segerberg, 1906, desc. of

PL VI].

Niobe insignis [Moberg and Segerberg, 1906, desc. of PLVI].
Niobe teviceps [Moberg and Segerberg, 1906, desc. of

PL VI].

Niobe obsoleta [Moberg and Segerberg, 1906, desc. of

PL VI].

Megalaspis planilimbata [Moberg and Segerberg, 1906,

desc. of PL VII].

lUsenus oriens [Moberg and Segerberg, 1906, desc. of

PL VII].

Orometopus elatifi'ons? [Moberg and Segerberg, 1906, desc.

of PL VII].

Holometopus tornquisti [Moberg and Segerberg, 1906, desc.

of PL VII].

Cyitometopus primigenus [Moberg and Segerberg, 1906,

desc. of PL VII].

Cyrtometopus speciosus [Moberg and Segerberg, 1906,

desc. of PL VII].

Obolus (Broggeiia) salteri.

Lingulella ferruginea.

Lingulella lepis.

*Acrothele borgholmensis.

Acrotreta seebachi.

Eoorthis christianiee.

Orthoid.

310e [Moberg, 1892b, p. 115]. (For stratigraphic position and association, see p. 146.) Lower Cambrian: Sandstone

bowlder on the beach between Ekerum and Stora Ror, on Oeland Island, Sweden.

*Acrothele sp. undt.

62667°—VOL 51, pt 1—12 16
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310f [Moberg, 1892b, p. 115]: (For stratigrapbic position and association, see p. 146.) Lower Cambrian: Drift

blocks of glauconitic quartzitic sandstone west of Ekerum, Kalmar sheet (Geol. Survey Sweden), O'eland

Island, Sweden.

Micromitra (Paterina) undosa.

Acrothele sp. undt.

Discinella.

310g [Moberg, 1892b, p. 115]. (For stratigraphic position and association, see p. 146.) Lower Cambrian: Sand-

stone bowlders south of Stora Ror, on Oeland Island, Sweden.

Acrothele sp. undt.

310h [U. S. National Museum]. (See 3091.) (For stratigraphic position and association, see p. 145.) Upper?

Cambrian: Shale collected somewhere (probably Fogelsang) in the old Province of Skane, now the Provinces

of Malmohus and Christianstad, Sweden.

Lingulella concinna.

Obolus (Broggeria) salteri.

Billingsella exporrecta.

310i [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Passage beds between the

Middle Cambrian Pararforirfes /orc/i/iammen zone and the Upper Cambrian Oieniw truncatus zone: Limestone

at Borgholm, Oeland Island, Sweden.

*Lingulella agnostorum. I Acrotreta parvula.

Acrothele coriacea.
, I

Agnostus Isevigatus Dalman.

310j [U. S. National Museum]. (For stratigraphic position and association, see p. 144.) Passage beds between the

Upper Cambrian and the Ordovician: Ceratopyge limestone at Borgholm, Oeland Island, Sweden.

Lingulella lepis. I Eoorthis wimani.

Eoorthis daunus.
I

*Eostrophomena elegantula.

310k [U. S. National Museum]. (Forstratigraphicpositionandassociation, see p.l45.) Upper Cambrian: Oeland

Island, Sweden.

*Lingulella sp. undt. a.

310 1 [U.S. National Museum]. (See 8w, 320f, and 321y.) (For stratigraphic position and association, see p. 145.)

Middle Cambrian: In the Paradoxides forchhammeri zone at Andrarum, 20 miles (32 km.) northwest of Sim-

rishamn. Province of Christianstad, Sweden.

*Dicellomus sp. undt.

310m [Linnarsson, 1876, p. 16]. (See 310o.) (For stratigraphic position and association, see p. 146.) Middle

Cambrian: Arenaceous shales of the Paradoxides tessini zone on Oeland Island, Sweden.

Lingulella ferruginea.

310n [Moberg and Segerberg, 1906, p. 65]. (For stratigraphic position and association, see p. 145.) Upper Cam-

brian: In the "Obolm sandstone?" in Dalarne, Province of Kopparberg, Sweden.

Obolus triangularis.

310o [U. S. National Museum]. (See 310m.) (For stratigraphic position and association, see p. 146.) Middle

Cambrian: Limestone in the Paradoxides tessini zone at Borgholm, Oeland Island, Sweden.

Lingulella ferruginea.

Acrothele (Redlichella) granulata.

310p (references follow species). (See 310c.) (For stratigraphic position and association, see p. 146.) Middle Cam.

brian: Limestone of the Paradoxides celandicus zone at Borgholm, Oeland Island, Sweden.

Lingulella ferruginea (U. S. National Museum).

Acrotreta socialis [Linnarsson, 1876, p. lS]=Acrotreta schmalenseei.

310q [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stone of the Agnostus Ixvigatus zone at Lovened, Province of Skaraborg, Sweden.

Lingulella ferruginea.

310r [Westerg^rd, 1909, p. 76]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Zone v

of the Ceratopyge slate at Ottenby, Oeland Island, Sweden.

Acrotreta celandica.

310s [Westerg^rd, 1909, p. 76]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Upper,

most part of the Alum slate in beds equivalent to the Ceratopyge slate, northern part of Oeland Island,

Sweden.

Acrotreta celandica.
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Slot [Westerg^rd, 1909, p; 57]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Sub-
zone c of the Dictyograptus slate at Fogelsang, 5 miles (8 km.) east of Lund, Province of Malmohus, Sweden.

*Acrotreta sp. undt.

310u [Westergard, 1909, p. 77]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Sub-
zone c of the Dietyograptus slate at Jerrestad, Province of Malmohus, Sweden.

Acrotreta sp.

310v [Westerg&rd, 1909, p. 77]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Sub-
zone 6 of the Dietyograptus slate at Tosterup, 7.5 miles (12 km.) north-northeast of Ystad, Province of

Malmohus, Sweden.

Acrotreta sp.

310w [Westerg^d, 1909, desc. of PI. II]. (For stratigraphic position and association, see p. 144.) Passage beds
between the Upper Cambrian and the Ordovician: Zone c at Gronhogen, Oeland Island, Sweden.

Lingulella lepis.

310x [Westergilrd, 1909, p. 76]. (For stratigraphic position and association, see p. 144.) Passage beds between
the Upper Cambrian and the Ordovician: The uppermost limestone stratum in beds equivalent to the

Ceratopyge limestone at Jerrestad, Province of Malmohus, Sweden.

*Obolus? inflatus.

310y [Linnarsson, 1879, p. 25, and U. S. National Museum.] (For stratigraphic position and association, see p. 145.)

Middle Cambrian: Limestone at Kiviks Esperod, Province of Malmohus, Sweden.

Lingulella ferruginea.

310z [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-
stone at Brantevik, on the shore a little south of Simrishamn, Province of Christianstad, Sweden.

Lingulella ferruginea.

Billingsella exporrecta.

311 [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift bowlder

of coarse-grained, somewhat friable, glauconitic sandstone. No. 3, on Eggegrund Island, ^bout 25 miles (40

km.) northeast of Gefle, Province of Gefleborg, Sweden.

*Obolua (Westonia) bottnicus.

Lingula sp.

Kutorgina?.

*Acrotreta eggegrundensis.

Aparchites? anderssoni.

Hipponicharion matthewi.

Torellella tevigata.

Olenellus?.

311a [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of glauconitic sandstone at Norrskedika, a little northwest of Osthammar, Province of Stockholm,
Sweden.

Acrotreta eggegrundensis.

311b [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone. No. 2, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province
of Gefleborg, Sweden.

*Acrotreta uplandica.

311c [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone, No. 7, on Biludden, about 20 miles (32.2 km.) east of ,Gefle, Province
of Gefleborg, Sweden.

*Obolus (Westonia) wimani.

Lingula or Lingulella.

Torellella laevigata.

Beyrichona gevalensis.

Olenellus sp.

311d [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of glauconitic sandstone south of Lumparstrommen, Aland Island, Finland, Russia.

Acrotreta eggegrundensis.

311e [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of rusty sandstone south of Lumparn, parish of Jomala, Aland Island, Finland, Russia.

Mickwitzia monilifera.

Obolus (Westonia) bottnicus?.

311f [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle ? Cambrian: Drift

bowlder of gray quartzitic sandstone at Slemmem, Mai'iehamn, Aland Island, Finland, Russia.

Mickwitzia monilifera.
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311g [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone, No. 16, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province

of Gefieborg, Sweden.

Obolus (Westonia) wimani.

Lingula sp.

Torellella laevigata.

3Hh [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone. No. 26, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province

of Gefleborg, Sweden.

*Obolus (Westonia) balticus.

3111 [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone. No. 27, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province

of Gefleborg, Sweden.

Obolus (Westonia) wimani.

311j [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle ? Cambrian: Drift

bowlder of bituminous sandstone, No. 28, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province

of Gefleborg, Sweden.

Obolus (Westonia) alandensis.

Lingula or Liagulella.

311k [Wiman, 1902, p. 57]. (For stratigraphic position and association, see. p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone, No. 29, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province

of Gefleborg, Sweden.

Obolus (Westonia) alandensis.

Torellella Isevigata.

3111 [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bluish calcareous sandstone, No. 31, on Biludden, about 20 miles (32.2 km.) east of Gefle,

Province of Gefleborg, Sweden.

*Mickwitzia formosa.

Mickwitzia monilifera.

311m [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone, No. 1, on Limon Island, about 12 miles (19.3 km.) east-northeast of Gefle,

Province of Gefleborg, Sweden.

Obolus (Westonia) alandensis.

Beyrichona alta.

Torellella laevigata.

311n [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle ? Cambrian: Drift

bowlder of blue calcareous sandstone, No. 6, on Limon Island, about 12 miles (19.3 km.) east-northeast of

Gefle, Province of Gefleborg, Sweden.

Ellipsocephalus sp.

Trilobite (not Olenellus).

*Acrotreta uplandica limoensis.

Acrotreta sp.

Torellella laevigata.

3110 [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of bituminous sandstone, No. 1, on Skalstenarne Island, just west of Eggegrund Island, about

25 miles (40 km.) east-northeast of Gefle, Province of Gefleborg, Sweden.

Obolus (Westonia) balticus.

311p [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of glauconitic sandstone, No. 1, at Hoganas, parish of Borstil, east of Osthammar, Province of

Stockholm, Sweden.

Lingula or Lingulella.

Acrotreta uplandica.

31l!i [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of gray quartzitic sandstone at Ytternaset, Mariehamn, Aland Island, Finland, Russia.

Mickwitzia monilifera.

311r [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of gray quartzitic sandstone at Granboda, Lemland, Aland Island, Finland, Russia.

Mickwitzia monilifera.
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311s nViman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of gray quartzitic sandstone at Skarpnato, Aland Island, Finland, Russia.

Mickwitzia formosa.

Stenotheca ep.

311t [Wiman, 1902, p. 57]. (For stratigraphic. position and association, seep. 146.) Middle? Cambrian: Drift

bowlder of mottled calcareous sandstone at Ofverby, parish of Jomala, Aland Island, Finland, Russia.

Obolus (Westonia) balticus. I
Lingula or Lingulella.

Obelus (Westonia) wimani.
|
Ellipsocephalus latus.

Sllu [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of blue calcareous sandstone at Soderarm lighthouse, near Norrtelje, Province of Stockholm,

Sweden.

Mickwitzia monilifera.

311v [W^iman, 1902, p. 68]. (For stratigraphic position and association, seep. 145.) Upper Cambrian: Drift

bowlder of Obolus sandstone, Ersholmen Island, parish of Borstil, southeast of Oregrund, Province of

Stockholm, Sweden.

Obolus apollinis. i

311w [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of Obolus sandstone at Mariehamn, Aland Island, Finland, Russia.

Obolus apollinis.

Orthis sp.

311x [U. S. National Museum]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Com-
pact, fine-grained, quartzitic sandstone at Saltvik, Aland Island, Finland, Russia (Schmalensee, 1901).

*Obolus (Westonia) finlandensis.

Elipsocephalus (Liostracus) muticus Angelin.

311y [Wiman, 1902, p. 57]. (For stratigraphic position and association, see p. 146.) Middle? Cambrian: Drift

bowlder of rusty sandstone at Yttemas, Slemmem, Aland Island, Finland, Russia.

*Obolus (Westonia) alandensis. I Bradorona nitida.

Lingula or Lingulella.
|
Trilobite (not Olenellus).

312 [U. S. National Museum]. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Sand-

stones of 3d of the Waucoba Springs section [Walcott, 1908f, p. 187], east of Saline Valley road, east of

Waucoba Springs, Inyo County, Cal.

Trematobolus excelsis.

Cruziana.

Holmia rowei.

312a [U. S. National Museum]. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Sand-

stones of 3b of the Waucoba Springs section [Walcott, 1908f, p. 187], east of the Saline Valley road, east

of Waucoba Springs, Inyo County, Cal.

Obolella vermilionensis.

Trematobolus excelsis.

313 [U. S. National Museum]. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Lime-
stone 0.75 mile (1.2 km.) east-northeast of McGill post office, White Pine County, Nev.

Micromitra (Paterina) crenistria. • I Lingulella isse.

Lingulella desiderata.
|
Acrotreta idahoensis.

313a [U. S. National Museum]. (Compare 313d and 313f
.)

(For stratigraphic position and association, see p. 140.)

Middle Cambrian: Limestone at Schellbourne, Schell Creek Range, White Pine County, Nev.
Lingulella arguta?.

313b [U. S. National Museum]. (For stratigraphic position and association, see p. 139.) Middle Cambrian: Lime-
stone 3 miles (4.8 km.) north-northeast of Schellbourne, Schell Creek Range, White Pine Coimty, Nev.

Micromitra (Paterina) crenistria.

Lingulella desiderata.

Acrotreta idahoensis alta.

3130 [U. S. National Museum]. (For stratigraphic position and association, see p. 139.) Middle? Cambrian:
Limestone 12 miles (19.3 km.) west-southwest of Alpha Station, Eureka County, Nev.

Lingulella acutangula.

Lingulella desiderata.
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313d [U. S. National Museum]. (Compare 313a and 313f.) (For stratigraphic position and association, see p. 139.)

Lower Ordovician: Limestone at Schellboume, Schell Creek Range, White Pine Comity, Nev.

*OboluslvtiiBdatu3.

313e [U. S. National Museum]. (For stratigraphic position and association, see p. 139.) Middle Cambrian: Lime-

stone 2 miles (3.2 km.) west of Green's ranch, White Pine County, Nev. (0. H. Hershey).

Lingulella arguta.

Linnarssonella girtyi,

313f [U. S. National Museum]. (Compare 313a and 313d.) (For stratigraphic position and association, see p. 139.)

Upper Cambrian: Limestone at Schellboume, Schell Creek Range, White Piae County, Nev.

*Lingulella arguta. 1

*Lingulella manticula. [These species are probably from more than one horizon.

*Acrotreta pyxidicula.J

313g [U. S. National Museum]. (For stratigraphic position and association, see p. 158.) Lower Cambrian: Lime-

stone at the southern end of the Timpahute Range, Groome district, near the line between Nye and Lin-

coln counties, Nev.

*Nisusia (Jamesella) erecta.

Billingsella sp.

Callavia nevadensis Walcott.

Olenellus fremonti Walcott.

Peachella iddingsi (Walcott).

313h [U. S. National Museum]. (For stratigraphic position and association, see p. 139.) Upper Cambrian: Sandy

shale on Hamburg Ridge, Eureka district [Hague, 1892, Atlas], Eureka County, Nev.

*Linnarssonella minuta.

313i [U. S. National Museum]. (For stratigraphic position and association, see p. 138.) Lower Cambrian: Lime-

stone collected at long. 117° 20' W., lat. 38° N., in the western part of Esmeralda County, Nev.

Kutorgina perugata.

313j [Hall and Whitfield, 1877, pp. 205 and 206]. (Specimens in U. S. National Museum.) (For stratigraphic

position and association, see p. 139.) Upper Cambrian: Limestone in the Eureka district [Hague, 1892,

Atlas], Eureka County, Nev.

*Obolus discoideus.

*Obolus msera.

These species, in all probability, did not occur together; Hall and Whitfield give no further data, however,

concerning their occurrence.

313k [U. S. National Museum]. (See 214a and 214b.) (For stratigraphic position and association, see p. 139.)

Ordovician: Limestone in the T^Tiite Pine district. White Pine (?) County, Nev.

Linnarssonella minuta.

314 (references follow species). (For stratigraphic position and association, see p. 140.) Middle Cambrian: Lime-

stone in Paradoxides zone. Chappie Arm, Trinity Bay, Newfoundland.

*Acrotreta misera [Billings, 1872b, p. 470].

*Agraulos socialis [Billings, 1872b, p. 472].

*Solenopleura communis [Billings, 1872b, p. 474].

*Anapolenus venustus [Billings, 1872b, p. 474].

*Paradoxides tenellus [Billings, 1872b, p. 476],

*Paradoxides decerns [Billings, 1872b, p. 476].

314a [Whiteaves, 1878, p. 226]. (For stratigraphic position and association, see p. 140.) Upper Cambrian: Shales

on Kelleys Island, Conception Bay, Newfoundland.

*Lingulella billingsiana.

314b [Matthew, 1899e, p. 97]. (For stratigraphic position and association, see p. 141.) Lower Cambrian: Upper

limestone of Matthew's Etcheminian at Smith Sound, Trinity Bay, Newfoundland.

*Kutorgina granulata.

314c [Billings, 1865a, p. 220]. (For stratigraphic position and association, see p. 140.) Lower Ordo^^cian: Nodules

of white limestone belonging to Division P of Billings's section at Cow Head, Newfoundland.

Syntrophia calcifera.

Bathyurus saffordi.
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314d [Billings, Paleozoic fossils, vol. I]. (For stratigraphic position and association, see p. 140.) Lower Ordovi-

cian: Limestone of Division P of the "Quebec group" 4 miles (6.4 km.) northeast of Portland Creek,

Newfoundland

.

*Obolus cyane (p. 216).

*Lingulella iole (p. 215).

*Acrotreta gemma (p. 217).

*Orthis delicatula (p. 217).

Strophomena aurora (p. 218).

Camerella parva (p. 219).

Camerella varians (p. 220).

Nileus scrutator (p. 274).

Illsenus fraternus (p. 276).

*Harpides atlanticus (p. 281).

*Harpides concentricus (p. 282).

Shumardia glacialis (p. 283).

Cheirurus polydorus (p. 286).

Cheii-urus sol (p. 288).

Amphion barrandei (p. 288).

Triarthrus fischeri (p. 291).

Telephus americanus (p. 291).

Encrinurus mirus (p. 292).

Remopleurides? schlotheimi (p. 294).

Ampyx normalis (p. 295).

*Ampyx rutilius (p. 296).

Ampyx semicostatus (p. 297).

Agnostus fabius (p. 298).

Agnostus galba (p. 297).

314e (references follow species). (For stratigi'aphic position and association, see p. 141.) Lower Cambrian: Lime-
stone at Topsail Head, Conception Bay, Newfoundland.

Micromitra (Paterina) bella [Billings, 1872b, p. 478].

Scenella reticulata [Billings, 1872b, p. 479].

Agraulos strenuus [Billings, 1872b, p. 478.] *

Walcott [18S6a, p. 150] adds the following species:

Salterella.

Micromitra (Paterina) labradorica?.

Stenotheca rugosa (Hall).

Protypus senectus parvulus.

314f [U. S. National Museum]. (For stratigraphic position and association, see p. 141.) Lower Cambrian: Lime-
stone of B7 of the section at Bonne Bay [Walcott, 1891b, p. 255], Newfoundland.

Obolella chromatica.

Micromitra (Paterina) labradorica.

Mesonacis vermontana (Hall).

Conocephalites.

Bathyurus.

Salterella.

314g [Billiugs, 1865b, p. 362]. (For stratigraphic position and association, see p. 140.) Lower Ordovician: A loose

piece of gray argillaceous limestone at Maiden Arm, Hare Bay, on the east side of the northern point of

Newfoundland.

*Obolus? murrayi.

3141l [U. S. National Museum]. (For stratigraphic position and association, see p. 140.) Middle Cambrian: Shale
on Manuels Brook, Conception Bay, Newfoundland.

Acrotreta misera.

314i pj. S. National Museum]. (For stratigraphic position and association, see p. 140.) Upper Cambrian: Shale
picked up on beach in Smith Sound, Trinity Bay, Newfoundland (C. D. Walcott, 1899).

Omsia lenticularis.

315 (references follow species) . Middle ? Cambrian: Limestone at Curramulka, Yorke Peninsula, South Australia.

-*Micromitra (Paterina) etheridgei [Tate, 1892J p. 184].

Kutorgina peculiaris [Tate, 1892, p. 185].

*Nisusia compta [Tate, 1892, p. 185].

315a [Tate, 1892, p. 185]. Middle? Cambrian: Limestone at Parara, near Ardrosean, iTorke Peninsula, South
Australia.

*Kutorgina peculiaris.

315b [Etheridge, 1905a, p. 249]. Middle? Cambrian: Limestone at Wirrialpa, Flinders Range, South Australia.

-*Eoorthis tatei.

315c [Etheridge, 1905, p. 250]. Middle? Cambrian: " Archseocyathinse white limestone " at Wirrialpa, Flinders

Range, South Australia.

=*Huenella etheridgei.

315d. [Etheridge, 1905, p. 248, and U. S. National Museum]. Lower? Cambrian: Limestone near Wirrialpa,

Flinders Range, South Australia.

*Obolella wirrialpensis.

316 [Davidson, 1871, p. 343]. (For stratigraphic position and association, see p. 135.) Lower Ordovician: Upper
Llandeilo (?) black shales at Dobbs Linn, near Moffat, in Dumfriesshire, Scotland.

=*Acrotreta nicholsoni

.
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316a [Davidson, 1883, p. 213], (For stratigraphic position and association, see p . 135
.
) Lower Ordovician : Llandeilo

at Craighead, Ardmillan Brae, and Balcletchie, all three in the Girvan district of Ayrshire, Scotland.

Acrotreta nicholsoni.

3161) [Davidson, 1883, p. 211]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: At Caim
Burn and Druidhill Bui'n, both in Dumfriesshire, Scotland.

Acrotreta sagittalis.

316c [Geol. Survey Scotland, M4197d; personal communication, J. Home, 1910]. (For stratigraphic position and
association, see p. 136.) Lower Cambrian: Probably equivalent to those in band 6.or 7 of the section on the

north slope of Meall a Ghiiibhais [Peach and Home, 1907, p. 414], on the Bruachaig River, 2 miles (3.2 km.)
east-northeast of the Kinlochewe Hotel, Loch Maree, Ross-shire, Scotland.

*Lingulella zeus.

Olenellus lapworthi? Peach and Home.

316d [Geol. Survey Scotland, M2646e, M2647e, and M4178d; personal communication, J. Home, 1910]. (For

stratigraphic position and association, see p. 136.) Lower Cambrian: About 500 feet (152.5 m.) above the

provisional base of the Cambrian and 75 feet (23 m.) below what is believed to be the top of the Lower
Cambrian, in the shales forming 5 and 6 of the section given by Peach and Home [1907, p. 414], in a small

burn on the north slope of Meall 4 Ghiubhais, 4 miles (6.4 km.) west-northwest of the Kinlochewe Hotel,

Loch Maree, Ross-shire, Scotland.

*Micromitra scotica.

Olenellus lapworthi? Peach and Home.

317 [Davidson, 1883, p. 213]. Lower Ordovician: Coalpit Bay, County Down, Ireland.

Acrotreta nicholsoni.

317a [Davidson, 1871, p. 340]. Middle Cambrian: At Bellewstown, County Meath, and at Balbriggan, County

Dublin, both in Ireland.

Acrotreta sagittalis?.

31,7b [Davidson, 1866, p. 58]. Middle Cambrian: Shales at Bellewstown, County Meath, Ireland.

Lingulella davisi.

318 [Davidson, 1869, p. 232]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper
Lingula flags at Penmain Pool, west of Dolgelly, Merionethshire, North Wales.

Grusia lenticularis.

318a [Davidson, 1868, p. 314]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: ITpper

Lingula flags at Criccieth, Carnarvonshire, North Wales.

Grusia lenticularis.

3181) [Davidson, 1869, p. 232]. (For stratigraphic position and association, see p. 135.) ITpper Cambrian: Upper
Lingula flags near Portmadoc, Carnarvonshire, North Wales.

Grusia lenticularis.

318c [Davidson, 1868, p. 310]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at the Rheider Waterfall Valley and at Gwynfynydd and other places near Dolgelly, North

Wales.

Acrotreta sagittalis.

318d (references follow species). (For stratigraphic position and association, see p. 136.) Middle Cambrian:

Sandstones in the middle portion of the Menevian at Porth-y-rhaw, St. Davids, South Wales.

Acrothele maculata [Davidson, 1871, p. 341].

*Orbiculoidea pileolus [Davidson, 1868, p. 316].

*Billingsella hick.si [Davidson, 1869, p. 230].

318e (references follow species). (For stratigraphic position and association, see p. 136.) Middle Cambrian: Lower
portion of the Menevian at Camlan, North Wales.

Lingulella ferruginea [Davidson, 1871, p. 337].

Acrothele maculata [Davidson, 1871, p. 341].

Orbiculoidea pileolus [Davidson, 1871, p. 345].

318f [Davidson, 1871, p. 341]. (For stratigraphic position and association, seep. 136.) Middle Cambrian: Lower
portion of the Menevian at Gwynfynydd, North Wales.

Acrothele maculata.

318g [Davidson, 1868, p. 310]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Porth-y-rhaw, Pen-y-pleidiau, and several other localities near St. Davids, South Wales.

*Acrotreta sagittalis.
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318h [U. S. National Museum]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: Shalea

in the Menevian at St. Davids, South Wales.

Lingulella ferruginea.
|
Acrotreta sagittalis.

Acrothele maculata. |
Billingsella hicksi.

3181 [U. S. National Museum]. (See 366c.) (For stratigraphic position and association, seep. 136.) Middle?

Cambrian: Red shales of the Caerfai gToup at St. Davids, South Wales.

Lingulella primaeva.

318] [Salter, 1866b, p. 340]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: Black

shales of the Menevian group at Pen-y-pleidiau, St. Davids, South Wales.

*Lingulella ferruginea.

318k [Davidson, 1871, p. 337]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: In the

Menevian rocks at Tafern Helig, North Wales.

Lingulella ferruginea.

318 1 [Davidson, 1871, p. 337]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: In the

Menevian rocks at the Waterfall Valley, near Maentwrog, North Wales.

Lingulella ferruginea.

318m [Davidson, 1866, p. 57]. (For stratigraphic position and association,'see p. 135.) Upper Cambrian: Near the

base of the lower black slatea at the Waterfall Valley, near Maentwrog, North Wales.

Lingulella davisi.

318n [Davidson, 1871, p. 337]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: Red
shales at the base of the Harlech grits at St. Davids, South Wales.

Lingulella ferruginea.

3180 [Davidson, 1871, p. 337]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: Red

shales at the base of the Harlech grits at Solva, St. Davids, South Wales.

Lingulella feiTuginea.

318p (references follow species). (For stratigraphic position and association, see p. 136.) Middle Cambrian: Sand-

stones in the middle portion of the Menevian at Ninewells, near St. Davids, South Wales.

Orbiculoidea pileolus [Davidson, 1871, p. 344].

*Billingsella hicksi [U. S. National Museum and Davidson, 1869, p. 230].

318qi [Davidson, 1871, pp. 344-345]. (For stratigraphic position and association, see p. 136.) Middle Cambrian:

Yellowish-gray beds in the Harlech group, on the road between Solva and Whitechurch, St. Davids, South

Wales.

Orbiculoidea pileolus?.

318r [Davidson, 1871, p. 344]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: Sand-

stones in the middle portion of the Menevian at Solva Harbor, St. Davids, South Wales.

Orbiculoidea pileolus.

318s [Davidson, 1868, p. 314]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper

Lingula flags at Ogof-ddu Cliff, Carnarvonshire, North Wales.

Orusia lenticularis.

318t [Davidson, 1868, p. 314]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper

Lingula flags at Penmorfa Church, Tremadoc, Carnarvonshire, North Wales.

Orusia lenticularis.

318u (references follow species). (For stratigraphic position and association, see p. 135.) Upper Cambrian

Upper Lingula flags at Gwerny-y-Barcud, North Wales.

Lingulella ferruginea [Davidson, 1868, p. 315].

Orusia lenticularis [Davidson, 1868, p. 314].

318v (references follow species). (For stratigraphic position and association, see p. 135.) Upper Cambrian:

Upper Lingula flags at Rhiwfelyn, North Wales.

Lingulella ferruginea [Davidson, 1868, p. 315].

Orusia lenticularis [Davidson, 1869, p. 232].

318w [U. S. National Museum]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Trema-

doc shale on Ramsey Island, St. Davids, South Wales.

Eoorthis carausii.
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319 [Geol. Survey Canada]. (See 319i; may be same locality.) Lower Ordovician: Limestone No. 1 of Billings's

Point Levis section, Point Levis, Province of Quebec, Canada.

^''Elkania ida.

*Acrotreta ovalis.

The follo^ving species are quoted from this locality by Billings, Paleozoic Fossils, vol. 1:

Metoptoma venillia (p. 88).

*Orthis ? apicalis (p. 301).

*Agnostus canadensis (p. 397).

*Agnostus orion (p. 397).

.*Conocephalites zenkeri (p. 398).

*Arionellus cylindricus (p. 406).

*Arionellus subclavatus (p. 406).

*Menocephalus globosus (p. 408).

*Menocephalus sedgwicki (p. 407).

*Dikellocephalus belli (p. 403).

*Dikellocephalu8 cristatus (p. 404).

*Dikellocephalus hisingeri (p. 196).

*Dikellocephalua magnificus (p. 399).

*Dikellocephalus megalops (p. 403).

*Dikellocephalus oweni (p. 402).

*Dikellocephalus pauper (p. 200).

*Dikellocephalus planifrons (p. 401).

*Dikellocephalus selectus (p. 199).

*Dikellocephalus sesostris (p. 198).

*Bathyurus armatus (p. 411).

*Bathyurus capax (p. 409).

*Bathyiu:us dubius (p. 410).

319a (references follow species). Lower Ordovician; Levis shales, Point Levis, Province of Quebec., Canada.

*Lingulella Irene [Billings, 1862b, p. 72].

'*Elkania desiderata [U. S. National Museum and Billings,

1862b, p. 70].

*Acrothele levisensis (Geol. Survey Canada).

Lingulella sp. undt. (U. S. National Museum).

319b [U. S. National Museum]. Lower Cambrian: Conglomeratic limestones containing Olenellus?, St. Simon,

Rimouski (?) County, Province of Quebec, Canada.

Bicia gemma.
Obolella crassa.

*Obolella crassa elongata.

*Acrothele sp. undt. a.

Billingsella salemensis occurs at the same locality as the specimens mentioned above, but its stratigraphic posi-

tion is not known.

Hyolithes americanus Billings.

Olenellus?.

Agraulos redpathi Walcott.

319c [Billings, 1862b, p. 69]. Ordovician: Shales at Cape Rouge, above Quebec, Province of Quebec, Canada.

-Acrothele pretiosa.

319d [Billings, 1865a, p. 301]. Upper Cambrian: Limestone bowlder in Lower Ordovician conglomerate. Point

Levis, Quebec, Canada.

*Lingulella iris.

319e (references follow species). Lower Cambrian: Sandy shales about 2 miles (3.2 km.) east of Swanton, Pranklin

County, Vt. (See Locality 25a; the only known locality is nearly 2 miles east of Swanton, and Locality

319e has therefore been entered as 2 miles, though Billings gives it as 1.5 miles.)

Kutorgina cingulata [Billings, 1861b, p. 9].

*Nisusia festinata [Billings, 1861b, p. 10].

'*Swantonia antiquata [U. S. National Museum and Billings, 1861b, p. 11].

319f [IT. S. National Museum]. Lower Ordovician: Drift bowlder of sandstone found near St. Albans, Franklin

County, Vt. The lithologic characters of the matrix in which this species was found point to the arenaceous

limestones of the Phillipsburg formation just north of the boundary between the United States and Canada

as the source of the bowlder.

'*Billingsella dice.

319g [Whitfield, 1884, p. 144]. Lower Cambrian: Shales at Parker's quarry, near Georgia, Franklin County, Vt.

*Billingsella orientalis.

Olenellus thompsoni. ^

319h [U. S. National Museum]. Lower Cambrian: Limestone bowlders in conglomerate at Metis, on the St. Law-
rence, below Quebec, Canada.

Billingsella salemensis. I Olenellus? sp.

Hyolithellus micans (Billings).
|
Ptychoparia metisensis Walcott.

319i [Billings, 1862b, p. 71, and Geol. Survey Canada]. (See 319; may be same locality.) Lower Ordovician:

Limestone at Point Levis, Province of Quebec, Canada.

lElkania ida.
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319J [U. S. National Museum]. (See 319k.) Lower Cambrian: Sandstone 50 feet (15 m.) above the base of the sec-

tion west of Parker's quarry and about a mile (1.6 km.) from the shore of Lake Champlain, in the town-

ship of Georgia, Franklin County, Vt.

Hyolithes sp.

Olenellus? sp.

Ptychoparia trilineata (Emmons).

Botsfordia cselata.

Hyolithellus micans (Billings).

Hyolithes americanus Billings.

Hyolithes communis Billings.

319k [U. S. National Museum records]. (See 319].) Lower Cambrian: Calcareous sandstone near the base of the

section west of Parker's quarry, on cliff overlooking Lake Champlain, near Georgia, Franklin County, Vt.

Obolella crassa.

3191 [Billings, 1872a, p. 220, and U. S. National Museum.] Lower Cambrian: Limestone bowlders in conglomerate

at Trois Pistoles, Temiscouata County, on St. Lawrence River, below Quebec, Canada.

*Quebecia circe.

319m [Walcott, lS91b, p. 278]. Lower Cambrian: Shales of No. 6 of the section at Parker's quarry, near Georgia,

Franklin County, Vt.

Kutorgina cingulata.

Billingsella orientalis.

Nisusia festinata.

Nisusia festinata transversa.

*Pal8eophycus congregatus Billings.

*Pal8eophycus incipiens Billings.

Phyllograptus (?) cambren.sis Walcott.

*Climacograptus (?) emmonsi Walcott.

*Microdiscus parkeri.

*Mesonacis vermontana (Hall).

*01enellus thompsoni (Hall).

*01enoides marcoui C^Tiitfield).

*Bathynotus holopyga (Hall).

Ptychoparia adamsi (Billings).

Ptychoparia vulcanus (Billings).

*Protypus hitchcocki (Whitfield).

Protypus senectus (Billings).

Protypus senectus parvulus (Billings)

319n [Billings, 1859, p. 432]. Ordovician: "Chazy formation" on the island of Montreal, in St. Lawrence River,

Canada.

*Obolus belli.

3190 [Billings, 1859, p. 432]. Ordovician: "Chazy formation" near L'Original, on St. Lawrence River, Canada.

Obolus belli.

319p [Billings, 1859, p. 432]. Ordovician: " Chazy formation " on AUumette Island, in St. Lawrence River, Canada.

Obolus belli.

319c[ [U. S. National Museum records]. Upper Cambrian: Limestone 1 mile (1.6 km.) south-southwest of High-

gate Falls, Franklin County, Vt.

Obolus msera?.

319r [U. S. National Museum], (See 319e and 25a.) Lower Cambrian: On the Bullard farm, about 2 miles (3.2

km.) east of Swanton, Franklin County, Vt.

Rustella edsoni.

Olenellus thompsoni (Hall).

319s [U. S. National Museum]. Middle Cambrian: "St. Albans formation" at St. Albans, Franklin County, Vt.

Obolus matinalis?.

*Huenella vermontana.

Paradoxides sp.

319t [Billings, 1865a, p. 220]. Lower Ordovician: "Calciferous sandrock" at St. Timothy, on the St. Lawrence,

near the head of the Beauharnois Canal, Province of Quebec, Canada.

Syntrophia calcifera.

319u [Billings, 1861a, p. 320]. Lower Ordovician: "Calciferous sandrock" in the township of Edwardstown,

between Beauharnois and Lake Champlain, Province of Quebec, Canada.

Syntrophia calcifera.

319v [U. S. National Museum]. (See 319y.) Lower Cambrian: Sandy shale 2 miles (3.2 km.) east of Highgate

Springs, Franklin County, Vt. (CD. Walcott, 1889).

Lingulella franklinensis.

319w [U. S. National Museum]. (See 319x.) Lower Cambrian: Limestone 1.25 miles (2 km.) north of Rutland,

Rutland County, Vt. (T. N. Dale).

Nisusia festinata.
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319x [U. S. National Museum]. (See 319w.) Lower Cambrian: Limestone at the crossing of East Creek and Grove

Street, 1.25 miles (2 km.) north of Rutland, Rutland County, Vt. (A. F. Foerste, 1890).

Micromitra (Paterina) labradorica swantonensis.

319y [U. S. National Museum]. (See 26 and 319v.) Lower Cambrian: Sandstone 2 miles (3.2 km,) east-southeast

of Highgate Springs, Franklin County, Yt. (C. D. Walcott, 1889).

Micromitra (Paterina) labradorica swantonensis.

Stenotheca rugosa (Hall).

Ptychopariasp.

319z [U. S. National Museum]. (See 25a.) Lower Cambrian: Sandy limestone 2.5 miles (4 km.) east of Swanton,

Franklin County, Vt. (C. D. Walcott, 1897).

Micromitra (Paterina) labradorica swantonensis.

320 [Wallerius, 1895, p. 66]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Gudhem,

12.5 miles (20.1 km.) south-southeast of Skara, Province of Skaraborg, Sweden.

Acrotreta parvula.

320a [Wallerius, 1895, p. 66]. (For stratigraphic position and association, see p. 145.) Middle Cambrian:

Djupadal, 19 miles (30.6 km.) south-southeast of Skara, Province of Skaraborg, Sweden.

*Acrotreta parvula.

Agnostus Isevigatus Dalman.

320b [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stones forming 2d of the Paradoxides zone, the Agnostus Ixvigatus horizon, at Gudhem, 12.5 miles (20.1 km.)

south-southeast of Skai'a, Province of Skaraborg, Sweden.

Acrothele coriacea. I
*Billingsella exporrecta.

Acrothele (Redlichella) granulata.
|
*Bimngsella exporrecta rugosicostata.

320c [Wallerius, 1895, p. 66]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Andrarum

limestone at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province of Christianstad, Sweden.

Acrotreta schmalenseei.

320d. [U. S. National Museum]. (For sti-atigraphic position and association, see p. 146.) Middle Cambrian: Exsu-

lans limestone in the lower part of the Paradoxides tessini zone at FogelsS,ng, 5 miles (8 km.) east of Lund,

Province of Malmohus, Sweden.

Acrotreta schmalenseei.

320e [IT. S. National Museum]. (See 321q.) (For stratigraphic position and association, see p. 145.) Middle

Cambrian: Limestone at Munkesten, north of Hunneberg, Province of Skaraborg, Sweden.

Acrotreta schmalenseei.

320f [U. S. National Museum]. (See 8w, 3101, and 321y.) (For stratigraphic positionand association, see p. 145.)

Middle Cambrian: Limestone at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province of Chris-

tianstad, Sweden.

Micromitra pusilla. I
Acrothele coriacea.

Micromitra (Iphidella) ornatell.
|
Orusia lenticularis.

320g [U. S. National Museum], (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stones of the Paradoxidesforchhammeri zone at Borgholm, Oeland Island, Sweden.

Acrothele coriacea.

Bilhngsella exporrecta.

S20h [Gronwall, 1902, p. 39]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Shales

in the Paradoxides tessini zone at Lovened, 19 miles (30.6 km.) south-southeast of Skara, Province of Skara-

borg, Sweden.

Acrothele intermedia.

320i [Gronwall, 1902, p. 39]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Limestones

of the Coronatus zone at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province of Christianstad,

Sweden.

Acrothele intermedia.

320] [Gronwall, 1902, p. 39]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stones of the Coronatus zone at Gislof , Province of Malmohus, Sweden.

Acrothele intermedia.
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320k (references follow species). (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stones at Kiviks Esperod, Province of Malmohus, Sweden.

Acrothele coriacea (U. S. National Museum).

~*Acrothele intermedia [Gronwall, 1902, p. 39].

The exact horizon from which the specimens of Acrothele coriacea were obtained is not known. Acrothele inter-

media was obtained from the Coronatus zone.

3201 (references follow species). (For stratigraphic position and association, see p. 146.) Middle Cambrian: Drift

blocks supposed to have come from the Paradoxides celandicus zone [Linnarsson, 1876, p. 6], at Lillviken,

near Oestersund, Province of Jemtland, Sweden.

*Obolus sp. undt. g [Linnarsson, 1876, p. 16].

Acrothele coriacea [Linnarsson, 1876, p. 23].

*Acrothele (Kedlichella) granulata [Linnarsson,

p. 24]. (Referred to as "A. coriacea.")

Billingsella exporrecta [Linnarsson, 1876, p. 13].

Billingsella lindstromi [Linnarsson, 1876, p. 12].

320m (references follow species). (For stratigraphic position and association, see p. 145.) Middle Cambrian:

Limestones of the Paradoxidesforchhammeri zone at KinnekuUe, northeast of Lidkoping, Province of Skara-

borg, Sweden.

Billingsella exporrecta [Linnarsson, 1876, p. 13].

Orthis aff. hicksi [Linnarsson, 1876, p. 14]= Billingsella

exporrecta rugosicostata.

*Billingsella lindstromi [U. S. National Museum and Lin-

narsson, 1876, pp. 11, 12, and 33].

JLingula or Lingulella [Linnarsson, 1876, p. 15]=Lingulella

ferruginea.

"^Acrothele coriacea [Linnarsson, 1876, p. 23].

-Acrotreta socialis [Linnarsson, 1876, p. 18]=Acrotreta

schmalenseei.

320n (references follow species). (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-
stones of the Paradoxides forchhammeri zone at Lovened, Djupadal, 19 miles (30.6 km.) south-southeast of

Skara, Province of Skaraborg, Sweden.

Acrotreta socialis (U. S. National Museum).
*Billingsella exporrecta [U. S. National Museum and Lin-

narsson, 1876, pp. 13 and 33].

Billingsella exporrecta rugosicostata (U. S. National

Museum).

Orthis aff. hicksi [Linnarsson, 1876, p. 14]=Billingsella

exporrecta rugosicostata.

Billingsella lindstromi (U. S. National Museum).

^Micromitra (Iphidella) ornatella [U. S. National Museum
and Linnarsson, 1876, p. 26].

Lingula or Lingulella [Linnarsson, 1876, p. 16]=Lingu-

lella feiTuginea.

~*Lingulella linnarssoni (U. S. National Museum).

Acrothele coriacea [U. S. National Museum and Linnars-

son, 1876, p. 23].

Acrotreta schmalenseei (U. S. National Museum).

3200 [Linnarsson, 1876, p. 23]. (For stratigraphic position and association, seep. 146.) Middle Cambrian: Lime-
stone band between the Holmia hjerulfi zone and the Paradoxides tessini zone at Andrarum, 20 miles (32 km.)
northwest of Simrishamn, Province of Christianstad, Sweden.

_A.crothele coriacea.

320p (references follow species). (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-
stones of the Paradoxidesforchhammeri zone at Sodra Mockleby, southern part of Oeland Island, Sweden.

A.crothele coriacea [Linnarsson, 1876, p. 23].

Billingsella expon-ecta [Linnarsson, 1876, p. 13].

Orthis aff. hicksi [Linnarsson, 1876, p. 14]=Billingsella expoiTecta rugosicostata.

-Billingsella lindstromi [Linnarsson, 1876, p. 12].

320c[ [U. S. National Museum]. (See 309j.) (For stratigraphic position and association, see p. 145.) Middle Cam-
brian: Limestone forming 2c of the Paradoxides forchhammeri zone at Alunbruk (alum works), southern

part of Oeland Island, Sweden (Schmalensee, 1899).

Agnostus.

Dolichometopus svecicus Angelin

Acrothele coriacea.

Acrothele intermedia.

-Billingsella lindstromi.

320r [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-
stones of the Agnostus Isevigatus zone at Hunneberg, western boundary of the Province of Skaraborg, Sweden.

Acrothele coriacea.

320s [Linnarsson, 1877, p. 374]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: At St.

Fro, Oeland Island, Sweden.

.Acrothele (Redlichella) granulata.

320t [Linnarsson, 1876, p. 24]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: On the

river Billstaan, parish of Hack^s, Province of Jemtland, Sweden.

Acrothele (Redlichella) granulata.
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320u [LinnarBson, 18,76, p. 25]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Strata,

with Agnostus Ixvigatus at Ostra Rynninge, in Nerike, Sweden.

Micromitra pusilla.

320v [Linnarsson, 1876, p. 23]. (See 320z.) (For stratigraphic position and association, see p. 145.) Middle Cam-

brian: In the Paradoxides forchhammeri zone at Lanna, Hjulsta, Vinala, and Vrana, all four in Nerike,

Sweden.

Acrothele coriacea.

320w [Holm, 1898, p. 148]. (For stratigraphic position and association, see p. 144.) Passage beds between the Upper

Cambrian and the Ordovician : Ceratopyge limestone at Glote, in HerjeMalen, Province of Jemtland, Sweden.

Lingulella lepis.

330x [Linnarsson, 1876, p. 16; U. S. National Museum]. (For stratigraphic position and association, seep. 146.)-

Lower Cambrian: In strata with Eolmia hjerulfi at Andrarum, 20 miles (32 km.) northwest of Simrishamn,

Province of Christianstad, Sweden.

*Lingulella nathorsti.

Holmia kjerulfi (Brogger).

320y (references follow species). (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stones of the Paradoxides forchhammeri zone at Gudhem, 12.5 miles (20.1 km.) south-southeast of Skara,

Province of Skaraborg, Sweden.

Micromitra (Iphidella) ornatella (U. S. National Museum). I Billingsella exporrecta [Linnarsson, 1876, p. 13].

Acrothele coriacea (U. S. National Museum). |
Billingsella lindstromi (U. S. National Museum).

320z [Linnarsson, 1876, p. 13]. (See 320v.) (For stratigraphic position and association, see p. 145.) Middle Cam-

brian: Limestones of the Paradoxidesforchhammeri zone at several places in Nerike, Sweden. .

Billingsella exporrecta.

321 [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift bowlders

of Obolus sandstone, Nos. 1, 2, 4-6, 10-16, 18-20, 22-23, 25-29, on Fanton Island, parish of Borstil,.

Province of Stockholm, Sweden.

Obolus apollinis.

321a [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift bowl-

ders of Obolus sandstone, Nos. 3 and 7, on Fanton Island, parish of Borstil, Province of Stockholm,

Sweden.

Obolus apollinis.

Problematicum.

321b [W'iman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift-

bowlder of Obolus sandstone. No. 8, on Fanton Island, parish of Borstil, Province of Stockholm, Sweden.

Obolus apoUinis.

Hyolithes.

321c [Wiman, 1902, p. 68]. (For stratigraphic position and association, seep. 145.) Upper Cambrian: Drift bowlder

of Obolus sandstone, No. 17, on Fanton Island, parish of Borstil, Province of Stockholm, Sweden.

Obolus apollinis.

Obolus (Schmidtia) obtusus?.

321d [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift bowlder^

of Obolus sandstone. No. 21, on Fanton Island, parish of Borstil, Province of Stockholm, Sweden.

Obolus apollinis.

Obolus (Schmidtia) celatus orbiculatus.

321e [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of Ceratopyge slate. No. 1, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of

Gefleborg, Sweden.

Acrotreta cf . sagittalis.

Shumardia oelandica Moberg?.

Conodont.

321f [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift bowlder

of Ceratopyge slate. No. 2, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of Gefleborg,.

Sweden.

Acrotreta cf . sagittalis.

Trilobite?.
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321g [Wiman, 1902, p. 68|. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of Ceratopygc slate, No. 3, on BUudden, about 20 miles (32.2 km.) east of Gefle, Pro\dnce of

Gefleborg, Sweden.

Acrotreta cf. sagittalis. I Trilobite?.

Sh-umardia oelandica Moberg?.
|
Conodont.

3211 [Wiman, 1902, -p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlders of Ceratopyge slate, Nos. 4, 6, and 7; on Biludden, about 20 miles (32.2 km.) east of Gefle, Province-

of Gefleborg, Sweden.

Acrotreta cf. sagittalis.

Conodont.

3211 [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Drift

bowlders of Ceratopyge slate, Nos. 8 and 23, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province
of Gefleborg, Sweden.

Acrotreta cf. sagittalis.

Discina? sp.

321] [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of Ceratopyge slate. No. 9, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of

Gefleborg, Sweden.

Acrotreta cf. sagittalis. I Trilobite?.

Shumardia celandica Moberg?.
|
Conodont.

321k [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of Ceratopyge slate. No. 12, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of

Gefleborg, Sweden.

Acrotreta cf. sagittalis.

Trilobite?.

Conodont.

3211 [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of Ceratopyge slate. No. 14, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of

Gefleborg, Sweden.

Lingulella lepis?.

Acrotreta cf. sagittalis.

Graptolite.

321m [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.1 Upper Cambrian: Drift

bowlders of Ceratopyge slate, Nos. 17 and 27, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province

of Gefleborg, Sweden.

Lingulella lepis?. I Discina sp.

Acrotreta cf . sagittalis.
|
Shumardia oelandica Moberg.

321n [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder of limestone {Ceratopyge slate horizon) at Trodje, in Gastrikland, Sweden.

Graptolite.

Ceratopyge forficula Sars.

Shumardia bottnica Wiman.

Obolella sp.

Acrotreta cf. sagittalis.

Acrotreta sp.

Orthis sp.

3210 [Wiman, 1902, p. 68]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Drift

bowlder cf Obolus sandstone. No. 9, on Fanton Island, parish of Borstil, Province of Stockholm, Sweden.

Obolus apollinis.

Lingulella sp.

321p [Wallerius, 1895, p. 67]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: In

strata with Agnostus Ixvigatus at Carlfors, near the north end of Mount Billingen, Province of Wermland,
Sweden.

Billingsella exporrecta.

321q [U. S. National Museum]. (See 320e.) (For stratigraphic position and association, see p. 145.) Middle Cam-
brian: Limestones of the Paradoxides forchhammeri zone at Munkesten, north of Hunneberg, western

boundary of the Province of Skaraborg, Sweden (Schmalensee, 1899).

Acrothele coriacea.

Acrotreta schmalenseei.

Billingsella exporrecta.
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321r.<' (For stratigraphic position and association, see p. 145.) Middle Cambrian: Limestones of the Paradoxides

forchhammei-i zone at Hunneberg, western boundary of the Province of Skaraborg, Sweden.

Billingsella exporrecta.

321s [U. S. National Museum]. . (For stratigraphic position and association, see p. 146.) Lower Cambrian: Brown
sandstone interbedded in gray sandstone at Sularp, near Lund, Province of Malmohus, Sweden.

Obolella lindstromi.

*Obolella mobergi.

321t [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Sand-

stone at Sularp, near Lund, Province of Malmohus, Sweden.

Billingsella lindstromi.

321u [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Sand-

stone at Bjorkelunda, south of Simrishamn, Province of Christianstad, Sweden.

Billingsella lindstromi.

321v [D. S. National Museum]. (For stratigraphic position and association, see p. 146.) Lower Cambrian: Gray

sandstone of the Mesonacis torelli zone at Bjorkelunda, south of Simrishamn, Province of Christianstad,

Sweden.

*Obolella lindstromi'.

Obolella mobergi.

Mesonacis torelli Moberg.

321x [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) LTpper Cambrian: Dictyo-

graptus slate at Alunbruk (alum works), southern part of Oeland Island, Sweden (Schmalensee, 1899).

Obolus (Broggeria) salteri.

321y [U. S. National Museum]. (See 8w, 3101, and 320f.) (For stratigraphic position and association, see p. 145.)

Middle Cambrian: Shale at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province of Christianstad,

Sweden.

Acrotreta sagittalis.

321z [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Shales

at Fogels&ng, 5 miles (8 km.) east of Lund, Province of Malmohus, Sweden.

Acrotreta sagittalis.

322 [U. S. National Museum]. (For stratigraphic position and association, see p. 152.) Middle Cambrian: Lime-

stone (stratigraphic position unknown) about 6 miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2/

km.) west of Montpelier, Bear Lake County, Idaho.

Acrotreta pyxidicula.

322a [U. S. National Museum]. (For stratigraphic position and association, see p. 152.) Middle Cambrian: Lang-

ston limestone near Paris, Bear Lake County, Idaho (R. S. Spence).

*Acrotreta idahoensis sulcata.

Microdiscus.

Ptychoparia, 2 sp.

323 [Wiman, 1902, p. 66]. (For stratigraphic position and association, see p. 144.) Passage beds between the

Upper Cambrian and the Ordovician: Phyllograptus elate and Ceratopyge limestone in the Christiania region,

Norway.

Acrotreta sagittalis.

323a [Wiman, 1902, p. 66]. (For stratigi'aphic position and association, seep. 145.) Upper Cambrian: Ceratopyge

slate in the Christiania region, Norway.

Acrotreta sagittalis.

Lingulella lepis.

323b [U. S. National Museum]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Lime-

stone of Paradoxides celandicus zone at Windjuelandet, Ringsaker, Province of Hedemarken, Norway.

Acrotreta schmalenseei

.

3230 [Brogger, 1882, p. 44]. (For stratigraphic position and association, see p. 144.) Passage beds between the

Upper Cambrian and the Ordovician: Ceratopyge limestone in the Christiania region, Norway.

Lingulella lepis.

323d [Christiania University Mineral Institute collections]. (For stratigraphic position and association see p. 144.)

Passage beds between the Upper Cambrian and the Ordovician: Ceratopyge limestone (Etage 3a?- of Brog-

ger) at Christiania, Norway.

Acrotreta seebachi.

a The authority for the citation of this locality was mislaid and could not be traced in time for insertion in this volume.
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323e [Christiania University Mineral Institute collections]. (For stratigraphic position and association, see p. 144.)

Passage beds between the Upper Cambrian and the Ordovician: Ceratopyge limestone (Etage Z&y of Brogger)

at Engervik, in Asker, in the Chi'istiania region, Norway.

Obo°iuT(Br6ggeria)'salteri.phese may not be from the same bed.

323f [Brogger, 1882, pp. 16-17]. (A lower horizon than 323h.) (For stratigraphic position and association, see p. 144.)

Passage beds between the Upper Cambrian and the Ordovician: Lower part of the Ceratopyge limestone at

Vestfossen, 10 miles (16.1 km.) west-southwest of Christiania, Norway.

Lingulella lepis.

Obolus (Broggeria) salteri.

Acrotreta socialis var.?=Acrotreta seebachi.

Eoorthis christiani£e=Eoorthis daunus.

Triarthrus angelini Linnarsson.

Parabolinella rugosa Brogger.

Ceratopyge forficula Sars.

Dikellocephalus angusticauda Angelin.

Nileus limbatus Brogger.

Niobe obsoleta Linnarsson.

Amphion primigenus Angelin.

Cheirurus foveolatus Angelin.

Bellerophon (?) norvegicus Brogger.

Orthoceras atavus Brogger.

323g [Christiania University Mineral Institute collections], (For stratigraphic position and association, see p. 144.)

Passage beds between the Upper Cambrian and the Ordovician: Ceratopyge limestone (Etage 3a^ of Brogger)

at Vaekkero, in the Chi-istiania region, Norway.

Acrotreta seebachi.

32311 [Brogger, 1882, p. 17]. (A higher horizon than 323f .) (For stratigraphic position and association, see p. 144.)

Passage beds between the Upper Cambrian and Ordovician: Blue Ceratopyge limestone at Vestfossen, 10

miles (16.1 km.) west-southwest of Christiania, Norway.

Conophrys pusilla Sars.

Dikellocephalus serratus Sars and Boeck.

Symphysurus angustatus Sars and Boeck.

Niobe insignis Linnarsson.

Niobe obsoleta Linnarsson.

Megalaspis cf . stenorachis Angelin.

Harpides rugosus Sars and Boeck.

Remopleurides dubius Linnarsson.

Holometopus (?) elatifrons Angelin.

•• Lingulella lepis.

Lingula sp.

Obolus (Broggeria) salteri.

*Acrothele ceratopygarum (U. S. National Museum also).

Acrotreta sagittalis var.

Acrotreta socialis var.=Acrotreta seebachi.

Eoorthis christiani8e=Eoorthis daunus.

Agnostus sidenbladhi Linnarsson.

Triarthrus angelini Linnarsson.

Ceratopyge forficula Sars.

323i [Brogger, 1882, desc. of PI. X]. (For stratigraphic position and association, see p. 144.) Passage beds between
the Upper Cambrian and the Ordovician: Phyllograptus slate at Krekling, in Sandsvar, Norway.

Obolus (Broggeria) salteri.

323j [Brogger, 1882, p. 44]. (For stratigraphic position and association, see p. 144.) Passage beds between the Upper
Cambrian and the Ordovician: Ceratopyge limestone at Tosterup, 7.5 miles (12 km.) north-northeast of

Ystad, Province of Malmohus, Sweden.

Obolus (Broggeria) salteri.

323k [Brogger, 1882, p. 44]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Ceratopyge

slate at Tosterup, 7.5 miles (12 km.) north-northeast of Ystad, Province of Malmohus, Sweden.
Obolus (Broggeria) salteri.

323 1 (references follow species). (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage
2b at Toien, about 1 mile (1.6 km.) northeast of Christiania, Norway.

Orusia lenticularis [U. S. National Museum and Brogger, 1882, p. 48].

Parabolina spinulosa [Brogger, 1882, p. 48].

323m (references follow species). (For stratigraphic position and association, see p. 145.) Upper Cambrian : Etage
2b at Oslo, about 1 mile (1.6 km.) southeast of Christiania, Norway.

Orusia lenticularis [U. S. National Museum and Brogger, 1882, p. 4].

Parabolina spinulosa [Brogger, 1882, p. 4].

323n [Brogger, 1882, p. 48]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b
at Vestfossen, 10 miles (16.1 km.) west-southwest of Christiania, Norway.

Orusia lenticularis.

Peltura scarabeeoides.

323o [Brogger, 1882, p. 4]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b in

the city of Christiania, Norway.

Orusia lenticularis.

-Parabolina spinulosa.

62667°—VOL 51, pt 1—12 17
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323p (references follow species). (For stratigrapMc position and association, see p. 145.) Upper Cambrian: Etage

2b at Slemmestad, in Roken, about 3 miles (4.8 km.) southwest of Chiistiania, Norway.

Orusia lenticularis [U. S. National Museum and Brogger, 1882, p. 4].

Parabolina spinulosa [Brogger, 1882, p. 4].

323q [Brogger, 1882, p. 101]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b

at K^rtveit, in the Chiistiania region, Norway.

Orusia lenticularis.

Parabolina spinulosa.

323r [Brogger, 1882, p. 4]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b at

Ej-ekling, in Sandsvar, Norway
Orusia lenticularis.

Parabolina spinulosa.

323s [Brogger, 1882, p. 4]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b at

Gjogrefos, in Sandsvar, Norway.

Orusia lenticularis.

Parabolina spinulosa.

323t [Brogger, 1882, p. 4]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b in

Hedemarken, east of Lake Mjosen (Miosen), about 40 miles (64 km.) north-northeast of Christiania, Norway.

Orusia lenticularis.

Parabolina spinulosa.

323u [Brogger, 1882, p. 4]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Etage 2b

at Oxna (Oksna), valley of Glommen River, eastern Norway.

Orusia lenticularis.

Parabolina spinulosa.

323v [Davidson, 1869, p. 231]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: At Ege-

berg (about 1.5 miles (2.4 km.) southeast of Christiania?), Norway.

*Orusia lenticularis.

323w (references follow species). (For stratigraphic position and association, see p. 145.) Upper Cambrian: Black

argillaceous shale of "Etage 3a/3" at Christiania, Norway.

Obolus sp. (U. S. National Museum).

Obolus (Broggeria) salteri (Univ. Mineral Inst., Christiania, Norway).

*Eoorthis wimani (U. S. National Museum).

323x [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Cera-

topyge slate at Russelokken, near Christiania, Norway.

*Eoorthis christianise.

. 323y [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Upper Cambrian: Cera-

topyge slate at Toien, about 1 mile (1.6 km.) northeast of Christiania, Norway.

Eoorthis christianise.

323z [U. S. National Museum]. (For stratigraphic position and association, see p. 144.) Passage beds between the

Upper Cambrian and the Ordovician: Ceratopyge limestone at Toien, about 1 mile (1.6 km.) northeast of

Christiania, Norway.

*Eoorthis daunus.

324 [Kjerulf, 1873, pp. 73 and 83]. (For stratigraphic position and association, seep. 146.) Lower Cambrian: Green

shales with interbedded calcareous sandstone at Tomten, in Ringsaker, near Lake Mjosen, Province of

Hedemarken, Norway.

Holmia kjerulfi (Brogger).

Arionellus.

Lingulella sp. (U. S. National Museum).
Obolella mobergi.

Obolella (Glyptias) favosa.

324a [U. S. National Museum]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Shales

of Etage Ic [Brogger] at Skrena, Skiensdalen, Norway (W. C. Brogger, 1877).

Acrothele coriacea.

324b [U. S. National Museum]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Shales

of Etage Ic [Brogger] at Krekling, in Sandsvar, Norway (W. C. Brogger, 1877).

Acrothele coriacea.

Agnostus nudus.
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324c [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Shales

of Etage Id [Brogger] at Krekling, in Sandsvar, Norway (W. C. Brogger, 1877).

Micromitra (Iphidella) ornatella.

Acrothele coriacea.

324(i.a (For stratigraphic position and association, see p. 145.) Middle Cambrian: At Windjuelandet, Ringsaker,

Province of Hedemarken, Norway.

Lingulella ferruginea.

325 (references follow species). (For stratigraphic position and association, see p. 131.) Upper Cambrian
:
Arena-

ceous shales, possibly from the horizon of the Peltura fauna (Division C3b), on McAdam shore. East Bay,

east of Bras d'Or Lake, in southeastern Cape Breton, Nova Scotia.

*Obolus (Westonia) escasoni [Matthew, 1903, p. 208]. Ctenopyge pecten [Matthew, 1903, p. 230].

*Agnostus trisectus germanus [Matthew, 1903, p. 221]. Parabolina dawsoni [Matthew, 1903, p. 224].

*Agnostus trisectus ponepunctus [Matthew, 1903, p. 221]. Peltura scarabfeoides [Matthew, 1903, p. 230].

*Sphserophthalmus fletcheri [Matthew, 1903, p. 228].

325a (references follow species). (For stratigraphic position and association, see p. 131.) Middle Cambrian: Shales

of Division C2c of Matthew's [1903, p. 49] Bretonian on the eastern slope of the valley of McNeil Brook,

on the road to Trout Brook, in the Mira River valley, eastern Cape Breton, Nova Scotia.

Lingulella flumenis [Matthew, 1903, p. 190]. I *Acrotreta cf. socialis [Matthew, 1903, p. 184]=Acrotreta

*Lingulella rotunda [Matthew, 1903, p. 199]. |
sp. undt.

325b [Matthew, 1903, desc. of PL XV]. (For stratigraphic position and association, see p. 131.) Upper Cambrian:

Sandy shales of Division C3a of Matthew, Escasonie shore. East Bay, east of Bras d'Or Lake, in southeastern

Cape Breton, Nova Scotia.

*Lingulella Isevis grandis.

325c [U. S. National Museum]. (For stratigraphic position and association, see p. 132.) Middle Cambrian: Sand-

stone on the shore of Bras d'Or Lake, eastern Cape Breton, Nova Scotia.

Lingulella rotunda.

326 [U. S. National Museum]. Lower Ordovician: Limestone pebbles on the beach on the northern shore of

Marthas Vineyard, Mass.

Obolus (Westonia) rogersi.

Lingulella bella.

326a [Grabau, 1900, p. 613]. Lower Ordovician: Limestone pebbles in a Carboniferous conglomerate north of

Fall River, Bristol County, Mass.

Obolus (Westonia) rogersi. I
Obolus (Lingulobolus) spissus.

Obolus (Lingulobolus) affinis.
|
Scolithus linearis Haldemann.

326b [Grabau, 1900, p. 617]. Middle Cambrian: Braintree slate, below high tide, about 100 feet (30.5 m.) east

of the quarry at East Braintree, Abington quadrangle (U. S. G. S.), Norfolk County, Mass.

*Acrothele gamagei.

326c [Boston Society Natural History; casts in U. S. National Museum]. Lower Cambrian: "Nahant limestone,"'

Pulpit Rock, Nahant, Essex County, Mass.

*Acrothele woodworthi.

326d [Grabau, 1900, p. 610]. Lower Cambrian: "Station 2," near North Attleboro, Bristol County, Mass.

Obolella atlantica.

Obolella crassa.

Scenella reticulata Billings.

Platyceras primaevum Billings.

Stenotheca abrupta (Shaler and Foerste).

Stenotheca curvirostra (Shaler and Foerste).

Hyolithes quadricostatus (Shaler and Foerste).

Hyolithes americanus Billings.

326e [Grabau, 1900, p. 610]. Lower Cambrian: Dark purplish siliceous shales on Pearl Street, North Weymouth,

Norfolk County, Mass.

Orthotheca emmonsi (Ford).

Aristozoe?.

Olenellus walcotti (Shaler and Foerste).

Microdiscus bellimarginatus (Shaler and Foerste).

Microdiscus lobatus (Hall).

Strenuella strenua (Billings).

Ptychoparia? attleborensis (Shaler and Foerste),

Obolella atlantica.

Urotheca pervetus Matthew.

Olenellus (Holmia) broggeri (Walcott)=Callavia crosbyi

Walcott.

Olenellus sp. Burr=Callavia bmn-i Walcott.

Olenellus (Mesonacis) asaphoides Emmons?=Callavia

crosbyi Walcott.

Metadoxides magnificus? Matthew=Callavia crosbyi Wal-

cott.

Microdiscus ct. helena Walcott.

Strenuella strenua (Billings).

Trails.
'""

a The authority tor the citation of this locality was mislaid and could not be traced in time for insertion in this volume.
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326f (references follow species). Lower Cambrian: One-half mUe (0.8 km.) south of North Weymouth [Burr,

1900, p. 42], Norfolk County, Mass.

Obolella atlantica [Burr, 1900, p. 47].

Obolella sp. [Burr, 1900, p. 48].

Olenellus (Holmia) broggeri [Burr, 1900, p. 43]=Callavia

crosbyi Walcott.

Olenellus (Mesonacis) asaphoides [Burr, 1900, p. 45]=Cal-

lavia crosbyi Walcott.

Olenellus sp. [Burr, 1900, p. 45]=Callavia burri Walcott.

Metadoxides magnificus? [Burr, 1900, p. 46]=Callavia

crosbyi Walcott.

Agraulos (Strenuella) strenuus nasutus [Burr, 1900, p. 46].

Microdiscus cf. helena [Biur, 1900, p. 47].

Leperditia cf. solitaria [Burr, 1900, p. 47].

Urotheca pervetus [Burr, 1900, p. 48].

Orthotheca cylindrica [Burr, 1900, p. 48].

326g (references follow species). Lower Cambrian: Limestones at East Point, Nahant, Essex County, Mass.

Micromitra (Paterina) bella [Grabau, 1900, p. 618].

Obolella crassa [Grabau, 1900, p. 620].

327 [U. S. National Museum]. Upper Cambrian: Arenaceous limestone east of Gold Camp, Caballos Mountains,

Sierra County, N. Mex. (W. T. Lee, 1905).

Obolus since. I
Lingulella acutangula?.

Obolus sinoe?. . Eoorthis desmopleura.

Obolus (Westonia) stoneanus. I

327a [U. S. National Museum]. Upper Cambrian: Arenaceous limestone about 500 feet (152 m.) above the base

of the, Cambrian, in McKinley Canyon, Caballos Mountains, Sierra County, N. Mex. (W. T. Lee, 1905).

Obolus (Westonia) stoneanus.

327b [U. S. National Museum]. Upper Cambrian: Arenaceous limestone near the base of the section on the south

side of Cerro Cuchillo, Caballos Mountains, Sierra County, N. Mex. (W. T. Lee, 1905).

Obolus (Westonia) stoneanus.

327c [U. S. National Museum]. Upper Cambrian: Arenaceous limestone in the Caballos Mountains, Sierra County,

N. Mex. (W. Lindgren, 1905).

Obolus (Westonia) stoneanus.

328 [Whitfield, 1882, p. 172]. Upper Cambrian: Upper layers of the "St. Croix sandstone" near the north end of

Devils Lake, Sauk County, Wis.

*Syntrophia barabuensis.

328a [U. S. National Museum]. Upper Cambrian: "St. Croix sandstone" 4 miles (6.4 km.) north of Winfield,

Jefferson County, Wis.

Lingulella simUis.

328b [Sardeson, 1896, p. 95]. Upper Cambrian: St. Lawrence formation at Osceola, Polk County, Wis.

Obolus (Westonia) aurora.

328c [U. S. National Museum]. Upper Cambrian: "St. Croix sandstone" at Alma, Buffalo County, Wis.

Dicellomus pclitus.

Billingsella coloradoensis.

Ptychoparia diademata (Hall).

328d [Whitfield, 1882, p. 171]. Upper Cambrian: "St. Croix sandstone " at Berlin, Green Lake County, Wis.

Billingsella coloradoensis.

328e [U. S. National Museum]. Middle Cambrian: "St. Croix sandstone " at St. Croix Falls, Polk County, Wis,

(See p. 159.)

Obolus matinalis.

Lingulella (Liagulepis) acuminata.

*Acrotreta signalis.

328f [Hall, 1863, p. 128]. Upper Cambrian: Sandstone at the falls of St. Croix River, Polk County, Wis.

Obolus (Westonia) stoneanus.

328g (references follow species). Middle Cambrian: "St. Croix sandstone," Wisconsin shore of Mississippi River,

near Trempealeau, Trempealeau County, Wis. (See p. 159.)

Lingulella ampla (U. S. National Museum). Conocephalites chippewaensis [Hall, 1863, p. 134].

Dicellomus politus [Hall, 1863, p. 134]. Hyolithes primordialis [Hall, 1863, p. 134].

Conocephalites iowensis [Hall, 1863, p. 134].

32811 [Owen, 1852, p. 583,andU.S. National Museum], Upper Cambrian: Silico-calcareous layers of FlbofOwen's
' section at the falls of the St. Croix, Polk County, Wis.

*Obolus matinalis.

Lingulella (Lingulepis) acuminata.



LOCALITIES. 261

3281 [U. S. National Museum]. Upper Cambrian: "St. Croix sandstone" 0.33 mile (0.5 km.) west of the rail-

way station, Lodi, Columbia County, Wis.

Finkelnburgia osceola.

328] [U. S. National Museum]. Upper Cambrian: "St. Croix sandstone" on Willow River, near Hudson, St.

Croix County, Wis.

Obolus mickwitzi.

328k [Whitfield, 1877, p. 51]. Upper Cambrian: "St. Croix sandstone "at Roche a Cris Bluff, Adams Count>', Wis.

*Syntrophia primordialis.

3281 [U. S. National Museum]. (See 328i.) Upper Cambrian: "St. Croix sandstone" near Lodi, Columbia

County, Wis.

Obolus (Westonia) aurora.

328m [U. S. National Museum]. Upper Cambrian: Sandstone 1 mile (1.6 km.) south of Osceola, Polk County,

Wis. (F. W. Sardeson, 1891).

Obolus (Westonia) stoneanus.

328n[TJ. S. National Museum]. Upper Cambrian: "St. Croix sandstone" 2 miles (3.2 km.) south of Osceola,

Polk County, Wis.

Lingulella similis.

328p [U. S. National Museum]. (See 85x.) Upper Cambrian: "St. Croix sandstone" at Mazomanie, Dane-

County, Wis. (J. Hall).

Obolus (Westonia) aurora.

328ci [U. S. National Museum]. Upper Cambrian: "St. Croix sandstone " in quarry at Ableman, Sauk County^

Wis. (J. F. James, 1889).

Eoorthis remnicha.

329 [Hague, 1877, p. 405]. (For stratigraphic position and association, see p. 149.) Middle Cambrian: Green shales

in a canyon about 7 miles (11.2 km.) north of Brigham (near the village of "Calls Fort" [Hague, 1877,

p. 405]), Boxelder County, Utah.

*Obolus (Westonia) ella. I Ptychoparia quadrans (Hall and Whitfield).

Olenoides wasatchensis (Hall and Whitfield).
|

Dikellocephalus gothicus=01enoides wasatchensis.

329a [U. S. National Museum]. (For stratigraphic position and association, see p. 148.) Upper Cambrian: Lime-

stone on Ute Peak, in the Wasatch Moimtains, east of Cache Valley, Cache County, Utah.

Syntrophia nundina?.

3291) [U. S. National Museum]. (For stratigraphic position and association, seep. 155.) Middle Cambrian: Thin-

bedded limestone collected by the Wheeler survey in Utah.

Dicellomus politus.

329c [U. S. National Museum]. (For stratigraphic position and association, see p. 151.) Middle Cambrian: In
Weber Canyon, about 2.5 miles (4 km.) northeast of Peterson, Morgan County, Utah.

Obolus (Westonia) ella.

329d [U. S. National Museum]. (For stratigraphic position and association, seep. 154.) Upper Cambrian: Lime-
stone near Fish Spring, Fish Spring Range, Juab County, Utah.

Acrotreta pyxidicula.

329e [U. S. National Museum]. (For stratigraphic position and association, seep. 158.) Middle Cambrian: Shales

in East Canyon, above Ophir, Oquirrh Range, Tooele County, Utah (40th Parallel Survey).

Obolus (Westonia) ella.

330 [Hall, 1851, p. 204]. Upper Cambrian: Sandstone on Taquamenon Bay, Chippewa County, Mich.

Lingulella (Lingulepis) acuminata.

330a [Hall, 1851, p. 204]. Upper Cambrian: Sandstone on Escanaba River, northern Michigan.

Lingulella (Lingulepis) acuminata.

330b [U. S. National Museum]. Upper Cambrian: Sandstone at Iron Mountain, Dickinson County, Mich. (W. S.

Bayley, 1902).

Lingulella (Lingulepis) acuminata.

331 [U. S. National Museum]. Upper Cambrian: Rogersville shale 1 mile (1.6 km.) south of Fletcher, Russell

County, Va.

Obolus lamborni
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332 [Kayser, 1883, p. 35]. Upper Cambrian: Limestone at Saimaki, Liaotung, China.

*Obolus? sp. undt. f.

Lingulella daviai.

332a [Kayser, 1883, p. 34]. Upper Cambrian: At Taling, Liaotung, China.

*Eoorthis linnarssoni.

333 (references follow species). (For stratigraphic position and association, see p. 158.) Middle Cambrian:

Shales on the dump of the Abe Lincoln mine, near Pioche, Lincoln County, Nev.

Bathym-iscus howelli [Pack, 1906, p. 297].

Bathym-iscus productus [Pack, 1906, p. 297].

Zacanthoides typicalis [Pack, 1906, p. 299].

Micromitra pannula [Pack, 1906, p. 296].

Obolus (Westonia) ella [Pack, 1906, p. 295].

Lingulella genei [Pack, 1906, p. 295]=Lingulella dubia.

Eocystites longidactylus [Pack, 1906, p. 294].

333a (references follow species). (For stratigraphic position and association, see p. 158.) Middle Cambrian:

Shales on the dump of the Himon mine, near Pioche, Lincoln County, Nev,

Obolus (Westonia) ella [Pack, 1906, p. 295]. i
Bathyuriscus productus [Pack, 1906, p. 297].

Bathyuriscus howelli [Pack, 1906, p. 297]. I Ptychoparia piochensis [Pack, 1906, p. 298].

333b (references follow species). (See 7k.) (For stratigraphic position and association, see p. 158.) Middle Cam-

brian: Shales on the dump of the Half-moon mine, near Pioche, Lincoln County, Nev.

Ptychoparia kempi [Pack, 1906, p.

Zacanthoides typicalis [Pack, 1906, p. 299].

Zacanthoides grabaui [Pack, 1906, p. 300].

Obolus (Westonia) ella [Pack, 1906, p. 295].

Bathyuriscus howelli [Pack, 1906, p. 297].

Ptychoparia piochensis [Pack, 1906, p. 298].

334 (references follow species). (For stratigraphic position and association, see p. 145.) Middle Cambrian:

Limestones of Paradoxidesforchhammeri zone on Bornholm Island, Denmark.

Acrotreta socialis [Wallerius, 1895, p. 66]=Acrotreta schmalenseei.

Acrotreta socialis [Linnarsson, 1876, p. 18]=Acrotreta schmalenseei.

334a [Gronwall, 1902, p. 39]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: Lime-

stones of the Conocoryphe exsulans zone at Borregaard, Bornholm Island, Denmark.

Acrothele intermedia.

334b [Gronwall, 1902, p. 40]. (For stratigraphic position and association, see p. 145. Middle Cambrian :
Andrarum

limestone at Borregaard, Bornholm Island, Denmark.

Acrothele coriacea.

334c [Gronwall, 1902, p. 40]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: In the

Paradoxides tessini zone at Borregaard, Bornholm Island, Denmark.

Acrothele coriacea.

334d [Gronwall, 1902, p. 40]. (For stratigraphic position and association, see p. 146.) Middle Cambrian: In the

zone with Agnostus parvifrons at Borregaard, Bornholm Island, Denmark.

Acrothele coriacea.

334e [Gronwall, 1902, p. 40]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Andrarum

limestone at LaesaA, Bornholm Island, Denmark.

Acrothele coriacea.

334f [U. S. National Museum]. (For stratigraphic position and association, see p. 145.) Middle Cambrian: Lime-

stone on Bornholm Island, Denmark.

Acrothele coriacea.

334g [Seebach, 1865, pp. 340 and 341]. (For stratigraphic position and association, see p. 145.) Middle Cambrian:

On Bornholm Island, Denmark.
Agnostus bituberculatus.

Agnostus? punctuosus.

Anomocare difforme Angelin.

*Acrotreta socialis.

Paradoxides.

Agnostus pisiformis Linnarsson.

33411 [U. S. National Museum]. (See 16h.) (For stratigraphic position and association, see p. 145.) Middle Cam-

brian: Limestones of the Paradoxidesforchhammeri zone at Borregaard, Bornholm Island, Denmark (University

of Copenhagen).

Acrothele coriacea.

Acrotreta sagittalis.

335a. [U. S. National Museum]. (See 360b.) Passage beds between the Cambrian and the Ordovician: Red-

dish sandstone on Cement Creek, 3 miles (4.8 km.) north of Hot Springs and 8 to 10 miles (12.8 to 16.1 km.)

southeast of Crested Butte, Ouray County, Colo.

*Obolus loperi.



LOCALITIES. 263

336 [F. Schmidt, personal communication, 1906]. (For stratigrapUc position and association, see p. 143.) Ordo-

vician: Echinosphxrites limestone, horizon Cla, at Popowka, near St. Petersburg, Russia.

*Acrotreta subconica.

336a (references follow species) . (For stratigraphic position and association, see p. 143.) Upper Cambrian: 06oto
sandstone at Podolova (Putalova?), on Ijora (Ischora) River, Government of St. Petersburg, Russia.

Obolus apollinis [Eichwald, 1860, p. 926].

Obolus apollinis ingricus [Eichwald, 1860, p. 926].

Keyserlingia buchi [Eichwald, 1860, p. 914].

3361) [Eichwald, 1860, p. 925]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstones on Odensholm Island, about 55 miles (88.6 km.) west of Reval, Government of Esthonia, Russia.

Obolus apollinis.

336c [Eichwald, 1860, p. 926]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone at Reval, Government of Esthonia, Russia.

Obolus apollinis.

Obolus apollinis ingricus.

336d [Eichwald, 1860, p. 929]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: Orthoceratite limestone at Reval, Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

336e (references follow species). (For stratigraphic position and association, see p. 143.) Passage beds between

the Upper Cambrian and the Ordovician: Orthoceratite limestone, at Pulkowa, near St. Petersburg, Russia.

Obolus (Acritis) antiquissimus [Eichwald, 1860, p. 929].

Siphonotreta unguiculata [Eichwald, 1860, p. 916].

Siphonotreta verrucosa [Eichwald, 1860, p. 916].

336f [Eichwald, 1860, p. 927]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: In the pyroxene-bearing sands in the Orthoceratite limestone beds

at Reval, Government of Esthonia, Russia.

Obolus (Mickwitzella) siluricus.

336g (references follow species). (For stratigraphic position and association, see p. 143.) Ordovician: Limestone

in the vicinity of Zarskoe Selo, Government of St. Petersburg, Russia.

*Volborthia recurva [Kutorga, 1848, p. 278]. ] „, . ^ , r ^i , ,
„. , ^ ^ -I _, r-S- \ nn.o o^r-n f Thcse specics may uot bc from the Same bed.
Siphonotreta unguiculata [Kutorga, 1848, p. 265]. J

336h [U. S. National Museum]. (For stratigraphic positionand association, see p. 143.) Upper Cambrian: Ungulite

grit at Baltischport, Esthonia, Russia.

*Schizambon? esthonia.

3361 [Mickwitz, 1896, p. 147]. (For stratigraphic position and association, see p. 144.) Upper Cambrian: Sand-
stone below the Obolus conglomerate proper at Reval, Government of Esthonia, Russia.

Obolus triangularis.

336j [U. S. National Museum]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus
sandstone at Staroja Ladoga, Government of Novgorod, Russia.

Obolus apollinis maximus.

336k [Eichwald, 1860, p. 925]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus
sandstone on the bank of Volkhof (Wolchow) River, east of St. Petersburg, Russia.

Obolus apollinis.

3361 [Eichwald, 1860, p. 925]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus
sandstone on the bank of Sjass (Sias) River, near Lake Ladoga, Government of St. Petersburg, Russia.

Obolus apollinis.

336m [Eichwald, 1860, p. 925]. (For stratigraphic position and association, seep. 143.) Upper Cambrian: Obolus

sandstone at Baltischport, about 30 miles (48 km.) west of Reval, Government of Esthonia, Russia.

Obolus apollinis.

336n [de Verneuil, 1845, p. 289]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: On
Ijora (Ischora) River, Government of St. Petersburg, Russia.

*Keyserliiigia buchi.

3360 [U. S. National Museum]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Ungu-
lite grit, Koporje, Government of St. Petersburg, Russia.

Obolus (Schmidtia) celatus.

Helmersenia ladogensis.

Keyserlingia buchi.
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336p [U. S. National Museum]. (For stratigraphio position and association, see p. 143.) Upper Cambrian: Ungu-

lite grit, Kunitz, Government of Pskow, Russia.

Obolus (Schmidtia) celatus. I Helmersenia ladogensis.

Obolus sp. -
1
Keyserlingia buchi.

336q [Jeremejew, 1856, pp. 73 and 80]. (For stratigraphic position and association, seep. 143.) Upper Cambrian:

Ungulite sandstone near Ladoga, Government of St. Petersbm-g, Russia.

*Helmersenia ladogensis.

336r [Mickwitz, 1896, p. 137]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone in the entire region between the Volkhof (Wolchow) and Sjass (Sias) rivers on the east and
Baltischport on the west, governments of Novgorod, St. Petersburg, and Esthonia, Russia.

Obolus apollinis.

336s (references follow species). (For stratigraphic position and association, seep. 143.) Upper Cambrian: Obolus

sandstone at Narwa, Government of Esthonia, Russia.

Obolus apollinis (U. S. National Museum).

Obolus apollinis ingricus [Eichwald, 1843, p. 146].

336t [Eichwald, 1843, p. 146]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone at Wiems, 5 miles (8 km,) north-northeast of Reval, Government of Esthonia, Russia.

Obolus apollinis.

Obolus apollinis ingricus.

336u [Eichwald, 1860, p. 925]. (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone on the bank of Louga (Luga) River, southwest of St. Petersburg, Russia.

Obolus apollinis.

336v [Gagel, 1890, desc. of PI. I]. (For stratigraphic position and association, see p. 143.) Ordovician: Echino-

sphxrites limestone at Reval, Government of Esthonia, Russia.

Siphonotreta unguiculata.

336w (references follow species). (For stratigraphic position and association, see p. 143.) Ordovician: Near Paw-
lowsk, near St. Petersburg, Russia.

Siphonotreta unguiculata [Eichwald, 1840, p. 140 (26)].

Siphonotreta verrucosa [Eichwald, 1840, p. 141 (27)].

336x [de Verneuil, 1845, p. 287]. (For stratigraphic position and association, see p. 143.) Ordovician: In the

Archangel quarry, on Volkhof (Wolchow) River, east of St. Petersburg, Russia.

Siphonotreta unguiculata.

336y [U. S. National Museum]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: Glauconite limestone at Popowka, near St. Petersburg, Russia.

Siphonotreta unguiculata.

Siphonotreta verrucosa.

336z [Schmidt, 1861, pp. 218 and 248]. (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Orthoceratite limestone ("Vaginatenkalk") at Narwa,

Government of Esthonia, Russia.

Siphonotreta unguiculata.

337 [Schmidt, 1861, pp. 218 and 248]. (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Orthoceratite limestone ("Vaginatenkalk") at Erras,

85 miles (137 km.) east of Reval, Government of Esthonia, Russia.

Siphonotreta unguiculata.

337a [Schmidt, 1861, pp. 218 and 248]. (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Orthoceratite limestone ("Vaginatenkalk") at Kusal,

25 miles (40 km.) east of Reval, Government of Esthonia, Russia.

Siphonotreta unguiculata.

337b [Schmidt, 1861, pp. 218 and 248], (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Orthoceratite limestone ("Vaginatenkalk") at Reval,

Government of Esthonia, Russia.

*Siphonotreta unguiculata.'*

337c [Schmidt, 1861, pp. 218 and 248]. (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Orthoceratite limestone ("Vaginatenkalk") on Odens-

holm Island, 55 miles (88.6 km.) west of Reval, Government of Esthonia, Russia.

Siphonotreta unguiculata.

a May be the type locality. Eichwald [1829, p. 274) gives it as " limestone at Reval."
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337d [Schmidt, 1861, p. 218]. (For stratigraphic position and association, see p. 143.) Ordovician: "Brandschie-

fer" at Salla, near Erras, 85 miles (137 km.) east of Reval, Government of Esthonia, Russia.

Siphonotreta unguiculata.

337e [Schmidt, 1861, p. 218]. (For stratigraphic position and association, seep. 143.) Ordovician: "Jewesche-

Schicht" at Altenhof, near Poddrus, 55 miles (88.6 km.) oast of Reval, Government of Esthonia, Russia.

Siphonotreta unguiculata.

337f [Schmidt, 1861, pp. 218 and 248]. (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Orihoceratite limestone ("Vaginatenkalk") at Tursel,

15 miles (24.2 km.) west of Narwa, Government of Esthonia, Russia.

Siphonotreta verrucosa.

337g [Schmidt, 1861, pp. 218 and 248]. (For stratigraphic position and association, see p. 143.) Passage beds
between the Upper Cambrian and the Ordovician: Orthoceratite limestone ("Vaginatenkalk ") at Chudleigh,

25 miles (40 km.) west of Narwa, Government of Esthonia, Russia.

Siphonotreta verrucosa.

33711 [Eichwald, 1860, p. 929]. (For stratigraphic position and association, see p. 143.) Passage beds between the-

Upper Cambrian and the Ordovician: Orthoceratite limestone near Reval, Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

337i [Schmidt, 1861, p. 218]. (For stratigraphic position and association, see p. 143.) Passage beds between the-

Upper Cambrian and the Ordovician: "Green sand" at Baltischport, Government of Esthonia, Russia.

Obolus (Mickwitzella) siluricus.

337] [Fr. Schmidt, personal communication, 1908]. (For stratigraphic position and association, see p. 143.) Ordo-
vician: Zone Bllla or BIII/3, characterized by Asaphus raniceps, a little above the zone with Asaphus
expansus, in the Orthoceratite limestone ^.t Obookhov (Obuchow), on Volkhof (Wolchow) River, Govern-

ment of St. Petersburg, Russia.

Volborthia recurva.

3371s [Eichwald, 1860, p. 916]. (For stratigraphic position and association, see p. 143.) Passage beds between the-

Upper Cambrian and' the Ordovician: Orthoceratite limestone on the banks of Volkhof (Wolchow) River,

near Lake Ladoga, near St. Petersburg, Russia.

Siphonotreta unguiculata.

337 1 [Eichwald, 1860, p. 916]. (For stratigraphic position and association, see p. 143.) Passage beds between th&
Upper Cambrian and the Ordovician: Orthoceratite limestone at Baltischport; west of Reval, Government of

Esthonia, Russia.

Siphonotreta unguiculata.

337m [Eichwald, 1860, p. 916, and U. S. National Museum]. (For stratigraphic position and association, see p. 143.)

Passage beds between the Upper Cambrian and the Ordovician: Orthoceratite limestone at Popowka, near
St. Petersburg, Russia.

Siphonotreta unguiculata.

Siphonotreta verrucosa.

338 [U. S. National Museum]. (See 29a.) Lower Cambrian: Limestone at Schodack, northeastern corner of Cox-
sackie quadrangle (U. S. G. S.), Rensselaer County, N. Y.

Acrotreta sagittalis taconica.

338a [U. S. National Museum]. Lower Cambrian: Limestone in the northeast section of 'WTiitehall township,.

Whitehall quadrangle (U. S. G. S.), Washington County, N. Y.

Acrotreta sagittalis taconica.

338b [U. S. National Museum]. (See 29.) Lower Cambrian: Limestone on Kinderhook Creek, near Stock-

port paper mill, Kinderhook quadrangle (U. S. G. S.), Columbia County, N. Y.

Acrotreta sagittalis taconica.

338c [U. S. National Museum]. (See 33.) Lower Cambrian: Limestone at Rock Hill schoolhouse, near North
Greenwich, Cambridge quadrangle (U. S. G. S.), Washington County, N. Y.

Acrotreta sagittalis taconica.

338d [U. S. National Museum]. (See 36; may be same locality.) Lower Cambrian: Limestone 1 mile (1.6 km.)
south of Shushan, Cambridge quadrangle (U. S. G. S.), Washington County, N. Y.

Acrotreta sagittalis taconica.) „, . . , , ,

T,.„. 11 ,
. t Ihese species may not occur m the same bed.

Bilhngsella salemensis.
J

338e [U. S. National Museum]. Lower Cambrian: Limestone a little west of North Greenwich, Cambridge quad-
rangle (U. S. G. S.), Washington County, N. Y.

Acrotreta sagittalis taconica.
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338f [U. S. National Museum]. Lower Cambrian: Limestone near Argyle, 8 miles (12.8 km.) north of Greenwich,

Cambridge quadrangle (U. S. G. S.), Washington County, N. Y.

Acrotreta sagittalis taconica.

338g [U. S. National Museum]. Lower Cambrian: Limestone in the town of Greenwich, Cambridge quadrangle

(U. S. G. S.), Washington County, N. Y.

Acrotreta sagittalis taconica.

338h [U. S. National Museum]. (See Walcott, 1888, pp. 316 and 317, for section.) Lower Cambrian: Limestone

on the summit of Bald Mountain, about 2 miles (3.2 km.) northwest of Greenwich, Schuylerville quadrangle

(U. S. G. S.), Washington County, N. Y.

Botsfordia cselata.

Acrotreta sagittalis taconica.

Obolella sp.

Hyolithellus micans (Billings).

Microdiscus speciosus Ford.

Olenellus thompsoni (Hall).

338i [U. S. National Museum]. Ordovician: Shales 1 mile (1.6 km.) west-northwest of South Argyle, near the line

between the Schuylerville and Cambridge quadrangles (U. S. G. S.), Washington County, N. Y
Acrothele pretiosa.

338] [Hall, 1847, p. 4]. Upper Cambrian: Potsdam sandstone near Alexandria Landing, Jefferson County, N. Y.

Lingulella (Lingulepis) acuminata.

338k [U. S. National Museum]. (See 72a.) Lower Cambrian: Limestone 2.5 miles (4 km.) southwest of Wynants-

kill, Rensselaer County, N. Y. (L. M. Prindle, 1893).

Obolus prindlei.

3381 [U. S. National Museum]. (See 39a.) Lower Cambrian: Limestone in the northern part of 'dlaston, 3 miles

(4.8 km.) south of Greenwich, Cambridge quadrangle (U. S. G. S.), Washington County, N. Y.

Lingulella granvillensis.

338m [U. S. National Museum]. Lower Cambrian: Limestone on the roadside north of schoolhouse No. 4, in the

northeast part of Whitehall, Whitehall quadrangle (U. S. G. S.), Washington County, N. Y.

Lingulella granvillensis.

338n [U. S. National Museum]. Lower Cambrian: Western belt of conglomeratic limestone, Rensselaer County,

N. Y.

Yorkia washingtonensis,

Microdiscus lobatus (Hall).

3380 [?]. Lower Cambrian: Shale on Moses Hill, 2 miles (3.2 km.) west of North Greenwich, near the line between

the Schuylerville and Cambridge quadrangles (U. S. G. S.), Washington County, N. Y.

Obolella crassa.

338p [U. S. National Museum]. Lower Cambrian: Sandy limestone 0.25 mile (0.4 km.) northwest of schoolhouse

No. 7, in Greenwich, Cambridge quadrangle (U. S. G. S.), Washington County, N.Y.

Obolella chromatica.

3385 [Hall, 1847,, p. 290]. Lower Cambrian: Calcareous beds 2 miles (3.2 km.) northeast of Troy, Troy quad-

rangle (U. S. G. S.), Rensselaer County, N.Y.
*Obolella crassa.

338r [Billings, 1856, p. 34]. Upper Cambrian: Potsdam sandstone at Keeseville, Essex County, N. Y.

Lingulella (Lingulepis) acuminata.

338s [Emmons, 1842, pp. 267 and 268]. Upper Cambrian: Potsdam sandstone at High Bridge, on Ausable River,

Essex County, N. Y.

*Lingulella (Lingulepis) acuminata.

338t [U. S. National Museum records]. Upper Cambrian: Potsdam sandstone in Ausable Chasm, below Keese-

ville, Essex County, N. Y.

Lingulella prima.

Ijingulella (Lingulepis) acuminata.

338u [U. S. National Museum records]. Ordovician and Upper Cambrian: In the strata from the upper layers of

the Potsdam sandstone to the lower portion of the "Calciferous sand rock" at Chateaugay Falls, Franklin

County, N. Y.

Lingulella (Lingulepis) acuminata (associated with Ophileta complanata in the upper beds).

338v [U. S. National Museum]. Ordovician: Shale 1 mile (1.6 km.) southwest of Middle Granville, Mettawee

quadrangle (U. S. G. S.;, Washington County, N. Y.

*OboIus sp. undt. a.
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338w [Hall, 1847, p. 4]. Upper Cambrian: Potsdam eandstone at Hammond, St. Lawrence County, N. Y.

Lingulella (Lingulepis) acuminata.

338x [U. S. National Museum]. Lower Cambrian: Limestone 0.5 mile (0.8 km.) soutb of Coila, just east of Cam--

bridge, Cambridge quadrangle (U. S. G. S.), Washington County, N. Y. (C. D. Walcott, 1886).

Lingulella sp.

_A.crotreta sagittalis taconica.

338y [U. S. National Museum]. Lower Cambrian: Limestone north of Eagle Mills, Bensselaer County, N. Y.

(T. N. Dale).

Acrotreta sagittalis taconica.

338z [U. S. National Museum], Ordovician: Limestone on the north side of Bald Moimtain, about 2 miles (3.2

km.) northwest of Greenwich, Schuylerville quadrangle (U. S. G. S.), Washington County, N. Y. (F. H.

Moffit, 1902).

Acrothele pretiosa.

339 [Sardeson, 1896, pp. 95 and 96]. Lower Ordovician: Oneota dolomite, Stillwater, Washington County, Minn.

^Obolus dolatus.

Orthis (Billingsella) pepina=Billingsella coloradoensis.

339a [Sardeson, 1896, p. 95]. Upper Cambrian: St. Lawrence formation at Otisville, Washington County, Minn.

'Obolus (Westonia) aurora.

339b [V. S. National Museum]. Upper Cambrian: "St. Croix sandstone" at Areola on St. Croix Kiver, 7 miles

(11.2 km.) above Stillwater, Washington County, Minn.

Lingulella winona.

3390 [U. S. National Museum]. Upper Cambrian: Reeds Landing, foot of Lake Pepin, Wabasha County, Minn.

'Obolus (Westonia) aurora.

339d [U. S. National Museum]. (See 82b; maybe same locality.) Upper Cambrian: "St. Croix sandstone" at

Taylors Falls, Chisago County, Minn.

Obolus matinalis. I Eoorthis remnicha sulcata.

Lingulella similis.
|
Syntrophia primordialis.

339e [U. S. National Museum]. Middle Cambrian: "St. Croix sandstone" on Mountain Island, Minnesota, in

Mississippi River, just above the mouth of Trempealeau River. (See p. 159.)

^Lingulella ampla.

Dicellomus politus.

339f [U. S. National Museum]. Upper Cambrian: "St. Croix sandstone" near Minneiska(Miniska), on Mississippi

River, near the line between Wabasha and Winona coimties, Minn. (F. M. Brown).

'Obolus matinalis.

Billingsella coloradoensis.

Finkelnb\u:gia finkelnburgi.

339g [TJ. S. National Museum]. Upper Cambrian: "St. Croix sandstone " just below the beds with DiJcellocephalus

minnesotensis near Winona, Winona County, Minn.

Billingsella coloradoensis. I Finkelnburgia osceola corrugata.

Finkelnburgia osceola.
|
Syntrophia primordialis.

339h (references follow species). Upper Cambrian: "St. Croix sandstone " near the mouth of Minneiska (Miniska)

River, near the line between Wabasha and Winona counties, Minn.

Obolus matinalis [Hall, 1863, p. 130].

Lingulella (Lingulepis) acuminata [Hall, 1863, p. ISO].

Orthis pepina [Hall, 1863, p. 135]=Billingsella coloradoensis.

339i [Owen, 1852, desc. of PL IB]. Middle Cambrian: Sandstones of Fib of Owen's section, below Mountain

Island, in Mississippi River, nearly opposite the old mouth of Black River, southeastern Minnesota. (See

p. 159.)

*Diceliomus politus.

339j [U. S. National Museum]. Middle Cambrian: Sandstone between the lowest blue shale and the reddish

calcareous beds above, at Taylors Falls, Chisago County, Minn. (Chas. Schuchert). (See p. 159.)

Lingulella (Lingulepis) acuminata.

339k [U. S. National Museum]. Middle Cambrian: Sandstone near Winona, Winona County, Minn. (See p. 159.)

Lingulella (Lingulepis) acuminata.

340 [U. S. National Museum]. (See 5f.) Middle Cambrian: Limestone in Meagher County, on the road to Wolsey,

about 1 mile (1.6 km.) below the divide and 13 miles (21 km.) south of Neihart, Little Belt Mountains

quadrangle (U. S. G. S.), Cascade County, Mont. (W. H. Weed, F. B. Weeks, and C. D. Walcott, 1895).

Micromitra pealei.
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340a [U. S. National Museum]. (Same horizon as 4u.) Middle Cambrian: Shales near Helena, Jefferson County^

Mont. (L. S. Griswold).

Obelus (Westonia) ella.

340ta [IJ. S. National Museum]. Upper Cambrian: Limestone at the mouth of Fourmile Creek, probably some-

where in the Threeforks quadrangle (U. S. G. S.), Gallatin County, Mont. (A. C. Peale).

Eoorthis desmopleura.

340c [U. S. National Museum]. Middle? Cambrian: Dark-red sandstone near the base of the Cambrian at Rawlins,.

Carbon County, Wyo. (N. H. Darton).

Lingulella (Lingulepis) acuminata.

340d [U. S. National Museum]. Middle Cambrian: Limestone near the head of Bear River Canyon, Wyo. (A. C.

Peale).

Acrotreta attenuata.

340e [U. S. National Museum]. Middle? Cambrian: Shale on the west side of Cable Mountain, Phillipsburg

quadrangle (U. S. G. S.), Granite County, Mont. (F. C. Calkins, 1906).

Lingulella sp.

340£ [U. S. National Museum]. Middle? Cambrian: Lowest beds exposed at the mouth of Bear Creek, Little Belt

Mountains, Mont. (W. H. Weed, 1894).

Dicellomus politus.

341 [U. S. National Museum]. Upper Cambrian: Near Lansing, Allamakee County, Iowa.

*Lingulella winona (also cited from this locality by Hall, 1863, p. 126).

Finkelnburgia osceola.

341a [U. S. National Museum]. Upper Cambrian: Sandstone at McGregor, Clayton County, Iowa (F. W. Sardeson,,

1899).

Lingulella mosia.

342 [collection of J. Miquel]. Middle Cambrian: Shales in Montague Noire, Coulouma, Department of H6rault,,

France.

*Acrothele bergeroni.

342a [collection of J. Miquel]. Passage beds between the Cambrian and the Ordovician, or Lower Ordovician:^

Barren quartzitic beds, Coulouma, Department of H6rault, France.

*Yorkia? miqueli.

343 [Rogers, 1875, p. 11, mentions specimens from Newport; U. S. National Museum has specimens labeled Narra-

gansett Bay]. Lower Ordovician: Limestone pebbles on the beach near Newport and at_ several points-

along the shores of Narragansett Bay, Rhode Island.

*Obolus (Westonia) rogersi.

343a [U. S. National Museum]. Upper Cambrian: Limestone pebbles on Checker Beach, near Newport, R. I..

(O. O. Nylander, 1893).

Lingulella sp. 1.

Lingulella sp. 2.

343b [U. S. National Museum]. Upper Cambrian: Limestone pebble on Sachuset Beach, near Newport, R. I..

Lingulella bella.

344 (references follow species). (For stratigraphic position and association, see p. 133.) Middle Cambrian::

Sandy shales of Division E3b of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River,

eastern Cape Breton, Nova Scotia.

Obolus lens [Matthew, 1903, p. 81]=Obolus (Palseobolus)

bretonensis lens.

Lingulella atava [Matthew, 1903, p. 81].

Lingulella [Matthew, 1903, p. 58].

Acrothele abavia [Matthew, 1903, p. 81]:=Acrothele avia.

Acrothele avia [Matthew, 1903, p. 81].

344a (references follow species). (For stratigraphic position and association, see p. 133.) Middle Cambrian:

Sandy shales of Division E3c of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River,.

eastern Cape Breton, Nova Scotia.

Lingulella sp. [Matthew, 1903, p. 26].

Lingulella coUicia [Matthew, 1903, p. 26].

Acrothele abavia [Matthew, 1903, p. 26]^Acrothele avia.

Acrotreta sp. [Matthew, 1903, p. 26].

*Acrothyra proavia [Matthew, 1902b, p^, 422].

Bradoria scrutator [Matthew, 1903, p. 163].

344b (references follow species). (For stratigraphic position and association, see p. 133.) (See 13n''''). Middle

Cambrian: Sandy shales of Division E3d of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian.

River, eastern Cape Breton, Nova Scotia.

Lingulella atava [Matthew, 1903, p. 81].

*Obolus (Palaeobolus) bretonensis [Matthejv, 1903, p. 81].

Acrothele avia [Matthew, 1903, p. 81].

Acrothyra proavia [Matthew, 1903, p. 91].

*Bradorona spectator sequat [Matthew, 1903, p. 81].
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344c (references follow species). (For stratigraphic position and association, see p. 133.) Middle Cambrian: Sandy

shales of Division E3d of Matthew's Etcheminian on Gregwa Brook, Indian River, eastern Cape Breton,

Nova Scotia.

Obelus (Palseobolus) bretonensis [Matthew, 1903, p. 142].

*Acrothele avia puteis [Matthew, 1903, p. 100].

344d [Matthew, 1903, p. 82]. (See 13n.) (For stratigraphic position and association, see p. 133.) Middle Cam-

brian: Sandy shales of Division E3f of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River,

eastern Cape Breton, Nova Scotia.

Lingulella atava.

Leptobolus collicia=Lingulella collicia.

Leptobolus collicia collis=Lingulella collicia.

Acrothele proles.

Acrothyra proavia crassa=Acrothyra proavia.

Acrothyra proavia prima=Acrothyra proavia.

Hyolithes.

Leperditia? rugosa.

344e (references follow species). (For stratigraphic position and association, see p. 134,) Middle Cambrian: Shales

of Division Eld of Matthew's [1903, pp. 28 and 29] Etcheminian on Boundary Brook, eastern side of the

Escasonie Indian Reservation, eastern Cape Breton, Nova Scotia.

*Bradorona perspicator major.

Bradoria scrutator.

Escasona rutellum.

*Indiana lippa.

Eurypteroid crustacean.

Solenopleura bretonensis.

Schmidtella? acuta.

lingulella cf. collicia [l^Iatthew, 1903, p. 78].

Leptobolus atavus tritavus [Matthew, 1903, p. 78]=

lingulella torrentis.

Lingulella (Lingulepis) gregwa [Matthew, 1903, p. 78].

Lingulella (Lingulepis) sp. [Matthew, 1903, p. 78].

Obolus sp. [Matthew, 1903, p. 78].

Acrotreta papillata [Matthew, 1903, p. 78]=Acrothyra

sera.

Acrotreta papillata lata [Matthew, 1903, p. 78]=Acro-

thyra sera.

Orthotheca sp. [Matthew, 1903, p. 78].

*Bradorona observator [Matthew, 1903, p. 78].

*Bradorona observator benepuncta [Matthew, 1903, p.

78].

Bradorona perspicator [Matthew, 1903, p. 78].

Bradorona spectator [Matthew, 1903, p. 78].

Bradorona spectator acuta [Matthew, 1903, p. 159].

Bradoria vigilans obesa [Matthew, 1903, pp. 78 and 152].

*Escasona rutellum prima [Matthew, 1903, p. 78; rutel-

lum vetus on p. 152].

*Schmidtella (?) pervetus concinna [Matthew, 1903, p.

78].

344f [Matthew, 1903, p. 72]. (See 13k.) (For stratigraphic position and association, see p. 135.) Middle Cam-
brian: Shales of the Coldbrook terrane of Matthew, on Dugald Brook, Indian River, eastern Cape Breton,

Nova Scotia.

Obolus torrentis.

*Lingulella torrentis.

Lingulella cf. longovalis=Lingulella cf . triparilis.

*Lingulella (Lingulepis?) pumila.

Acrotreta papillata prima=Acrothyra sera.

344g (references follow species). (For stratigraphic p
Cambrian: Shales of Division Elc of Matthew
Valley, Cape Breton, Nova Scotia.

Lingulella longovalis [Matthew, 1903, p. 77]=Lingulella

triparilis

.

Lingulella triparilis [Matthew, 1903, p. 77].

Lingulella cf. tumida [Matthew, 1903, p. 23].

Lingulella (Lingulepis) gregwa [Matthew, 1903, p. 77].

Acrotreta papillata [Matthew, 1903, p. 95]=Acrothyra

sera.

*Acrothyra signata sera [Matthew, 1903, p. 77]=Acro-

thyra sera.

Acrothyra signata tarda [Matthew, 1903, p. 77]=Acro-

thyra sera.

34411 (references follow species). (For stratigraphic position and association, see p. 134.) Middle Cambrian: Sandy

layers in the shales of Division Ele of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River,

eastern Cape Breton, Nova Scotia.

Obolus discus [Matthew, 1903, p. 79]=Lingulella tri- Leptobolus sp. [Matthew, 1903, p. 79].

parilis. , Obolus sp. [Matthew, 1903, p. 79].

Lingulella longovalis [Matthew, 1903, p. 79]= Lingulella. Orthotheca sp. [Matthew, 1903, p. 79].

triparilis. Hyolithes sp. [Matthew, 1903, p. 79].

Lingulella cf. tumida [Matthew, 1903, p. 24]. *Bradorona spectator spinosa [Matthew, 1903, p. 79].

Lingulella (Lingulepis) gregwa robusta [Matthew, 1903, *Indiana ovalis [Matthew, 1903, p. 79].

p. 79].

Acrothyra signata prima.

Hyolithes.

*Indiana ovalis prima.

*Escasona?? ingens.

>sition and association, see p. 134.) (See 13t".) Middle

i [1903, p. 21] Etcheminian, Dugald Brook, Indian River

Hyolithes [Matthew, 1903, p. 77].

Orthotheca [Matthew, 1903, p. 77].

*Bradorona perspicator maxima [Matthew, 1903, p. 77].

Bradorona spectator [Matthew, 1903, p. 77].

*Bradoria ornata [Matthew, 1903, p. 77].

Bradoria rugulosa var. [Matthew, 1903, p. 166].

Bradoria vigilans obesa [Matthew, 1903, p. 152].

Crustacean [Matthew, 1903, p. 77].
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344i (references follow species). (See 13 V.) (For stratigraphic position and association, see p. 133.) Middle-

Cambrian: Sandy shales of Division E3a of Matthew's [1903, p. 21] Etcheminian on Dugald Brook,

Indian Eiver, eastern Cape Breton, Nova Scotia.

Obolus lens [Matthew, 1903, p. 80]=Obolus (Palaeobolus)

bretonensis lens.

Acrothele abavia [Matthew, 1903, p. 80]=Acrothele avia.

Acrothyra proavia [Matthew, 1903, p. 80].

Obolus (Pateobolus) bretonensis [Matthew, 1903, p. 143].

344] [Matthew, 1903, p. 91]. (For stratigraphic position and association, see p. 133.) Middle Cambrian: Division

E3e of Matthew's [1903, p. 21] Etcheminian on the highway at V. McPhees, eastern Cape Breton, Nova

Scotia.

Acrothyra proavia.

344k (references follow species). (Seel3t'.) (For stratigraphic position and association, see p. 134.) Middle Cam-

brian: Sandstones of Division Elb of Matthew's [1903, p. 21] Etcheminian on Dugald Brook, Indian

River, eastern Cape Breton, Nova Scotia.

*Acrothyra signata [Matthew, 1903, p. 77].

Bradorona observator leevis [Matthew, 1903, p. 77].

Bradorona spectator [Matthew, 1903, p. 159].

*Bradorona spectator acuta [Matthew, 1903, p. 77].

*Bradoria vigilans obesa [Matthew, 1903, p. 77].

Lingulella longovalis [Matthew, 1903, p. 77]=Lingulella

triparilis.

Lingulella triparilis [Matthew, 1903, p. 77].

Lingulella (langulepis) gregwa? [Matthew, 1903, p. 77].

Leptobolus? [Matthew, 1903, p. 77].

3441 (references follow species). (For stratigraphic position and association, see p. 134.) (See 13e.) Middle

Cambrian: Sandstones of Division E2c of Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian

River, eastern Cape Breton, Nova Scotia.

*Acrothyra signata orta [Matthew, 1903, p. 90].

Bradorona observator leevis [Matthew, 1903, p. 161].

344m (references follow species). (See 13t".) (For stratigraphic position and association, see p. 134.) Middle

Cambrian: Sandy shales of Division Eld of Matthew's [1903, p. 21] Etcheminian on Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia.

Bradorona observator [Matthew, 1903, desc. of PI. XII,

fig. 15].

Bradorona observator benepuncta [Matthew, 1903, desc.

of PL XII, fig. 16].

*Bradorona perspicator [Matthew, 1903, p. 157].

Bradorona spectator [Matthew, 1903, p. 78].

Bradorona spectator acuta [Matthew, 1903, p. 78].

*Lingulella (Lingulepis) gregwa [Matthew, 1903, p. 78].

*Lingulella (Lingulepis) gregwa robusta [Matthew, 1903,

p. 78].

Acrotreta papillata [Matthew, 1903, p. 78]=Acrothyra

sera.

Acrothyra signata tarda [Matthew, 1903, p. 78]=Acro-

thyra sera.

Orthotheca sp. [Matthew, 1903, p. 78].

344n [Matthew, 1903, p. 33]. (For stratigraphic position and association, see p. 134.) Middle Cambrian: Shales in

the gorge at the old mill on McCodrum Brook, Mira River, eastern Cape Breton, Nova Scotia.

Lingulella (Lingulepis) gregwa.

3440 [Matthew, 1903, p. 134]. (See lOp and lOq.) (For stratigraphic position and association, see p. 134.) Middle

Cambrian: Sandstones of Division E2b of Matthew's [1903, p. 21] Etcheminian on Dugald Brook, Indian

River, eastern Cape Breton, Nova Scotia.

Lingulella (Lingulepis) longinervis.

345 (references follow species). (For stratigraphic position and association, see p. 124.) Middle Cambrian: Green-

ish shale in the Paradoxides zone on the Dlouhd, Hora, above the brook of Sbirov, near Skrej, Bohemia.

Austria-Hungary.

Ptychoparia striata [Pompeckj, 1896b, p. 509].

EUipsocephalus hoffi [Pompeckj, 1896b, p. 509].

Conocoryphe sulzeri [Pompeckj, 1896b, p. 511].

Agraulos spinosus [Pompeckj, 1896b, p. 511].

Agraulos ceticephalus [Pompeckj, 1896b, p. 511].

*Lingulella (?) sp. [Pompeckj, 1896b, p. 509]=Lingulella

cf. ferruginea.

Acrothele bohemica [Pompeckj, 1896b, p. 509].

Billingsella romingeri [U. S. National Museum and

Pompeckj, 1896b, p. 509].

*Orthis sp. [Pompeckj, 1896b, p. 514, fig. 6]=Eoorthis

sp. undt. a.

345a [Pompeckj, 1896b, p. 511]. (For stratigraphic position and association, see p. 124.) Middle Cambrian: Shales

in the Paradoxides zone on the right bank of the brook of Kardsek, near Tejfovik, Bohemia, Austria-

Hungary.

Acrothele bohemica.

345b [Pompeckj, 1898b, p. 511]. (For stratigraphic position and association, see p. 124.) Middle Cambrian: In

the "Bande de Jinec" at Felbabka and Jinec, Bohemia, Austria-Hungary.

Acrothele bohemica.
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345c (references follow species). (For stratigraphic position and association, see p. 124.) Middle Cambrian:

Shales of Etage C at Mleschitz, Bohemia, Austria-Hungary.

*Acrothele bohemica [Barrande, 1879b, PI. CII].

Billingsella romingeri (U. S. National Museum),

345d [Pompeckj, 1896b, p. 511]. (For stratigraphic position and association, see p. 124.) Middle Cambrian:

Shales of Paradovides zone. Forester House of Slapy (Buchava quarry), Skrej, Bohemia, Austria-Hungary.

*Acrothele quadrilineata.

345e [Pompeckj, 1896b, p. 514]. (For stratigraphic position and association, see p. 124.) Middle Cambrian:

Greenish shale in the Paradoxides zone in the gorge above Luh, near Skrej, Bohemia, Austria-Hungary.

*Eoorthis sp. undt. b.

345f (references follow species). (For stratigraphic position and association, see p. 124.) Middle Cambrian: Etage

C near Skrej, Bohemia, Austria-Hungary.

Nisusia (Jamesella) kuthani (U. S. National Museum).
*Billingsella romingeri [Barrande, 1879a, PL LXII].

345g [Barrande, 1879a, PI. LXII]. (For stratigraphic position and association, see p. 124.) Middle Cambrian:
Etage C at Praschno Augezd, Bohemia, Austria-Hungary.

Billingsella romingeri.

345h [Barrande, 1879a, PI. LXII]. (For stratigraphic position and association, see p. 124.) Middle Cambrian:
Etage C at Slap, Bohemia, Austria-Hungary.

Billingsella romingeri.

345i [U. S. National Museum and Pompeckj, 1896b, p. 514]. (For stratigraphic position and association, see

p. 124.) Lower Cambrian: Conglomeratic quartzitic sandstones and graywacke inclusions in the lower
conglomerate zone of the Kamennd hurka near Tejfovik, Bohemia, Austria-Hungary.

*Nisusia (Jamesella) kuthani. I *Nisusia (Jamesella) perpasta macra.

*Nisusia (Jamesella) perpasta.
|
*Nisusia (Jamesella) perpasta subquadrata.

345j [Pompeckj, 1896b, p. 514]. (For stratigraphic position and association, see p. 124.) Lower Cambrian: Con-
glomeratic quartzitic sandstones and graywacke inclusions in the lower comglomerate zone of the Kamennd
hurka at Gross Lohovic, southwest of Skrej, Bohemia, Austria-Hungary.

Nisusia (Jamesella) kuthani. I Nisusia (Jamesella) perpasta macra.

Nisusia (Jamesella) perpasta.
|

Nisusia (Jamesella) perpasta subquadrata.

345k [U. S. National Museum]. (For stratigraphic position and association, see p. 124.) Lower'Cambrian: Sand-
stones at Slapnicky mlyn, near Skrej, Bohemia, Austria-Hungary.

Nisusia (Jamesella) kuthani.

Nisusia (Jamesella) perpasta.

3451 [U. S. National Museum]. (For stratigraphic position and association, seep. 124.) Middle Cambrian: Shales
of Etage C at Jinec, Bohemia, Austria-Hungary (Museum Regni Bohemise).

Billingsella romingeri.

346 [U.S. National Museum]. Lower Cambrian: Limestone and shale a little south of Emigsville, York County, Pa.
Acrothele decipiens.

346a [U. S. National Museum]. Lower Cambrian: Limestone in Landis Valley, Pa. (H. J. Roddy).
Micromitra (Paterina) bella.

346b [LT. S. National Museum]. Upper Cambrian: Conococheague limestone,a 2.75 miles (4.4 km.) south of

Mercersburg, Franklin County, Pa.

Eoorthis desmopleura.

346c [U. S. National Museum]. Lower Cambrian: Shale near York, York County, Pa. (A. Wanner).
Nisusia festinata.

347 [von Toll, 1899, p. 27]. Lower Cambrian: Near Tschurskaja Station, on Lena River, Siberia.

Kutorgina cingulata.

350 [de Vemeuil and Barrande, 1860, p. 538]. Middle Cambrian: Bed limestone of the Paradoxides zone near
Adrados, north of Sabero and Bonar, Cantabrian Mountains, Province of Leon, northwestern Spain.

*Acrothele primseva.

*Eoorthi3 primordialis.

^*Nisusia? vaticina.

*Nisusia (Jamesella) pellico.

*Brachiopode nouv. gen.=Botsfordia barrandei.

Paradoxides pradoanus.

Arionellus ceticephalus.

Conocephalites sulzeri.

Conocephalites sulzeri var.

Conocephalites coronatus.

Conocephalites ribeiro.

Agnostus 2 sp.

Leperditia.

Capulus cantabricus.

Capulus sp.

Trochocystites bohemicus?.

a Stose, Mercersburg-Chambersburg folio (No. 170), Geol. Atlas U. S., XJ. S. Geol. Survey, 1909, p. 6.
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350a [Barrois, 1882, p. 186]. Ordovician: Sandstones of the stage of Cabo Busto in the cliffs of Cape Vidio, Pro^-inco

of Oviedo,, northeastern Spain.

*Lingulella heberti.

350b [Barrois, 1882, p. 186]. Ordovician: Sandstones of the stage of Cabo Busto at Los Negros, northeastern Spain.

Lingulella heberti.

351 (references follow species). Lower Cambrian: Shales at Monte de Valbom, northeast of Villa Boim, Province

of Alemtejo, Portugal.

Obolella maculata [Delgado, 1904, p. 364]=Acrothele

villaboimensis.

*Obolella cf. atlantica [Delgado, 1904, p. 364]=Obolella

*Acrothele villaboimensis [Delgado, 1904, p. 365].

*Delgadella lusitanica [Delgado, 1904, p. 365].

Lingulepis acuminata meeki [Delgado, 1904, p. 366]

=Lingulella delgadoi.

*Lingulella granvillensis [Delgado, 1904, p. 367]=Liiigu-

lella delgadoi.

*Lingulella ferruginea [Delgado, 1904, p. 368]=Lingulella

delgadoi.

^Lingulella cf. linguloides [Delgado, 1904, p. 369]=Lin.

gulella delgadoi.

*Paradoxides choffati [Delgado, 1904, p. 319].

Paradoxides sp. aff. abenacus [Delgado, 1904, p. 322].

Paradoxides sp. n. aff. spinosus [Delgado, 1904, p. 323].

Paradoxides costae [Delgado, 1904, p. 323].

Paradoxides sp. aff. tessini [Delgado, 1904, p. 324].

Olenopsis sp.

Olenellus? (hypostoma).

Hicksia elvensis [Delgado, 1904, p. 333].

Hicksia sphaerica [Delgado, 1904, p. 335].

Hicksia transtaganensis [Delgado, 1904, p. 337].

Hicksia walcotti [Delgado, 1904, p. 338].

Hicksia castroi [Delgado, 1904, p. 340].

Hicksia hughesi [Delgado, 1904, p. 341].

These species may not be from the same bed or even from the same locality.

353 [Roemer, 1849, p. 420]. Upper Cambrian: Limestones on San Saba River, San Saba County, Tex.

*Lingulella acutangula. No other associated species (Roemer).

Hicksia barroisi [Delgado, 1904, p. 342].

Hicksia delwalquei [Delgado, 1904, p. 343].

Hicksia minuta [Delgado, 1904, p. 344].

Metadoxides bornemanni [Delgado, 1904, p. 345].

Olenellus (?) macphersoni [Delgado, 1904, p. 347].

Microdiscus caudatus [Delgado, 1904, p. 349].

Microdiscus subcaudatus [Delgado, 1904, p. 350].

Microdiscus wenceslasi [Delgado, 1904, p. 350].

Microdiscus souzai [Delgado, 1904, p. 351].

Microdiscus woodwardi [Delgado, 1904, p. 353].

Crustacean (?) (telson).

Crustacean sp.

Hyolithes lusitanicus [Delgado, 1904, p. 355].

Hyolithes cf. billingsi [Delgado, 1904, p. 356].

Hyolithes sp. aff. communis [Delgado, 1904, p. 356].

Pteropoda sp.

Posidonomya malladai [Delgado, 1904, p. 357].

Fordilla troyensis [Delgado, 1904, p. 358].

Modiolopsis zitteli [Delgado, 1904, p. 359].

Modiolopsis bocagei [Delgado, 1904, p. 360].

Synek (?) cambrensis [Delgado, 1904, p. 360].

Davidia dollfusi [Delgado, 1904, p. 361].

Davidia cotteri [Delgado, 1904, p. 362].

Davidia egozcuei [Delgado, 1904, p. 362]. ,

Ctenodonta geikiei [Delgado, 1904, p. 363].

Bivalve sp.

353a [Shumard, 1860, p. 627].

*Billingsella coloradoensis.

Upper Cambrian: Sandstones near the head of Morgans Creek, Burnet County, Tex.

353b [U. S. National Museum]. Upper Cambrian: Sandstone just beneath the Ophileia beds, south end of the

Franklin Range, El Paso County, Tex.

iingulella (Lingulepis) acuminata.

353c [U. S. National Museum]. Upper Cambrian: Heavy dark ferruginous sandstone in Llano County, Tex.

(exact locality unknown).

Lingulella acutangula.

364 (references follow species). Middle? Cambrian: In yellowish-brown slates not far from the buildings of Canal

Grande, island of Sardinia, Italy.

*Lingula attenuata [Bornemann, 1891, p. 438]=Lingulella
bornemanni.

*Kutorgina cingulata [Bornemann, 1891, p. 440]=Kutor-

gina sardiniaensis.

These species may not be from the same bed or even from the same exact locality.

Olenopsis [Bornemann, 1891, p. 440].

Metadoxides [Bornemann, 1891, p. 440].

Lingulella sp. undt. (U. S. National Museum).

354a (references follow species'). Middle? Cambrian: In grayish-white quartzitic sandstone in the valley of

Gutturu Sartu, island of Sardinia, Italy.

Olenopsis zoppi [Bornemann, 1891, p. 459].

Metadoxides armatus [Bornemann, 1891, p. 465].

Metadoxides bornemanni [Bornemann, 1891, p. 466].

Metadojddes torosus [Bornemann, 1891, p. 462].

Etc.

*Lingula hawkei [Bornemann, 1891, p. 439]=Mickwitzia

sp. undt.

Lingula attenuata [Bornemann, 1891, p. 438]= Lingulella
bornemanni.

-Olenopsis bornemanni [Bornemann, 1891, p. 458].

These species may not be from, the same bed or even from the same exact locality.
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354b (references follow species). (See 354c.) Middle? Cambrian: In yellowisli sandstone with Archseoeyathus

at Punta Pintau and elsewhere, island of Sardinia, Italy.

Lingula attenuata [Bornemann, 1891, p. 438]=Lingulella

bornemanni.

Kutorgina cingulata [Bornemann, 1891, p. 440]=Kutor-

gina sardiniaensis.

These species may not be from the same bed or even from the same exact locality.

Carinaropsis patelloides [Bornemann, 1891, p. 441].

Capulus minutus [Bornemann, 1891, p. 441].

Olenopsis bornemanni [Bornemann, 1891, p. 458].

Etc.

354c (references follow species). (See 354b.) Middle? Cambrian: Yellow friable sandstone at Punta Pintau

(Canal Grande), island of Sardinia, Italy.

Paradoxides asper [Bornemann, 1891, p.

Etc.

*Lingula petalon [Bornemann, 1891, p. 438]=Obolus?

meneghinii.

Metadoxides arenarius [Bornemann, 1891, p. 467].

These species may not be from the same bed or even from the same exact locality.

354d [Bornemann, 1891, p. 438]. Middle? Cambrian: Yellow friable sandstone at Gruguetta, island of Sardinia,

Italy.

Lingula petalon=Obolus? meneghinii.

354e (references follow species). Middle ? Cambrian: Shale at Porto Canal Grande, island of Sardinia, Italy.

Olenopsis bornemanni [Bornemann, 1891, p. 458].

Olenopsis longispinatus [Bornemann, 1891, p. 459].

Olenopsis zoppi [Bornemann, 1891, p. 459].

Metadoxides armatus [Bornemann, 1891, p. 465].

Etc.

Obolella sp. [Bornemann, 1891, p. 440]=Obolus? mene-
ghinii.

Lingula roualti [Bornemann, 1891, p. 439]= Kutorgina sar-

diniaensis.

Kutorgina sardiniaensis (U. S. National Museum).
Bellerophon? priscus [Bornemann, 1891, p. 441].

These species may not be from the same bed or even from the same exact locality.

354f [Bornemann, 1891, p. 439; U. S. National Museum]. Middle ? Cambrian: Reddish-yellow sandstone near the

houses of Canal Grande,, on the road to Punta Pintau, island of Sardinia, Italy.

*Obolella crassa=Obolus? zoppi.

355 [U. S. National Museum]. Middle Cambrian: Sandstones on Red Capyon Creek, southwest side of Black
Hills, South Dakota. Some of the specimens are labeled Redwater Canyon, and this locality appears in

Whitfield [1882, p. 340].

Dicellomus nanus.

Dicellomus politus.

*Lingulella cuneola.

*Lingulella perattenuata.

Lihgulella (Lingulepis) acuminata.

355a [U. S. National Museum]. Middle Cambrian: Shales in Bear Gulch Valley, Black Hills, South Dakota.

Lingulella similis.

355b [U. S. National Museum]. Middle Cambrian: Sandstone in the Deadwood formation on Castle Creek, on the

west side of the Black Hills, South Dakota.

Lingulella (Lingulepis) acuminata.

Dicellomus pectenoides.

355c [Whitfield, 1875, p. 103]. Middle Cambrian: Sandstone on French Creek, Black Hills, South Dakota.

*Dicellomus pectenoides.

355d [U. S. National Museum]. Middle Cambrian: Sandstone in the Black Hills, South Dakota.

Lingulella (Lingulepis) acuminata.

*Dicellomus nanus.

355e [U. S. National Museum]. Middle Cambrian: Sandstone in the central part of the Black Hills, South Dakota.

Dicellomus politus.

355f.'i Middle Cambrian: Sandstones near Deadwood, Black Hills, South Dakota.

Lingulella perattenuata.

357 [Waagen, 1885, p. 769]. Middle Cambrian: Limestone in the "Neobolus beds" of the Khussak group, above
the salt mine at Kiura (Khewra), Salt Range, India.

*Lingulella kiurensis.

357a (references follow species). Middle Cambrian: Lower portion of the "Neobolus beds" of the Khussak group,

in purplish-colored, fine-grained, micaceous sandstone, at Juttoa, Salt Range, India,

*Neobolus warthi [Waagen, 1885, p. 759] i

Neobolus wynnei [Waagen, 1885, p. 760] [_„ , , , .

Davidsonella linguloides [Waagen, 1885, p. 765]. .

[

Davidsonella squama [Waagen, 1885, p. 767] J

*Discinolepis granulata [Waagen, 1885, p. 751],

The authority lor the citation oJ this locality was mislaid, and could not be traced in time for insertion in this volume.
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357b [W'aagen, 1885, p. 759]. Middle Cambrian: Lower portion of the "Neoiohis beds" of the Khussak group,

in purplish-colored, fine-grained, micaceous sandstone, at Ch61 Hill, Salt Range, India.

Neobolus warthi.

357c (references follow species). Middle Cambrian: Lower portion of the "Neobolus beds" of the Khussak group,

in purplish-colored, fine-grained, micaceous sandstone, near the fresh-water springs in a gorge above the

salt mines at Kiura (Khewra), Salt Range, India.

*Schizopholis rugosa [Waagen, 1885, p. 754].

Neobolus warthi [Waagen, 1885, p. 759] 1

Neobolus wynnei [Waagen, 1885, p. 760] i=Neobolus warthi.

Davidsonella linguloides [Waagen, 1885, p. 765]..

J

Discinolepis granulata [Waagen, 1885, p. 751].

357d [Waagen, 1891, p. 104]. Middle Cambrian: "Concretionary shales of the Khxissak group" at several locali-

ties between Ch61 Hill and Kiura (Khewra), eastern part of the Salt Range, India.

*Wynnia warthi. I Conocephalites warthi.

Hyolithes wynnei.
|
Trilobites gen. and sp. undt.

358 [U. S. National Museum]. Middle Cambrian: Argillaceous shale 50 feet (15.2 m.) above the Coronado quartzite

[Lindgren, 1905, p. 3], west side of Chase Creek Canyon, 1.5 miles (2.4 km.) east-northeast of Morenci, Clif-

ton quadrangle (U. S. G. S.), Graham County, Ariz.

Lingulella lineolata.

358a [U. S. National Museum]. Upper? Cambrian: Siliceous limestone on Ash Creek, in Pinal County, Ariz.

Lingulella pogonipensis?.

Dicellomus politus.

358b [U.S. National Museum]. Middle Cambrian: Limestone on the southwest side of Escabrosa Ridge, 4.5 miles

(7.2 km.) west-southwest of Bisbee, Ariz. (F. L. Ransome, 1902).

Obolus zetus.

360 [U. S. National Museum]. Lower Ordovician: Red siliceous limestone near Colorado Springs, El Paso County,

Colo.

Lingulella desiderata.

Schizambon manitouensis.

Eoorthis desmopleura.

360a [U. S. National Museum]. Lower Ordovician: Red siliceous limestone on west side of Trout Creek, below
Bergen Park, 7 miles (11.2 km.) north-northwest of Manitou, El Paso County, Colo.

Obolus matinalis. I Eoorthis desmopleura.

Lingulella desiderata.
|
Eoorthis wichitaensis.

360b [U. S. National Museum]. Lower Ordovician: Red siliceous limestone on Cement Creek, 3 miles (4.8 km.)
north of Hot Springs, Ouray County, Colo.

Lingulella desiderata.

360c [U. S. National Museum]. Lower Ordovician: Red siliceous limestone about 10 miles (16.1 km.) southeast

of Crested Butte, Elk Range, Colo.

Lingulella desiderata.

360d [U. S. National Museum]. Middle Cambrian: Siliceous limestones near Pike View, north of Colorado Springs,

El Paso County, Colo.

Lingulella similis.

360f [U. S. National Museum]. Lower Ordovician: Siliceous Hmestone at Glen Eyre, Queens Canyon, northeast

of Manitou, El Paso County, Colo.

*Eoorthis desmopleura.

360g [U. S. National Museum records]. Upper Cambrian: Shaly sandstone on Trout Creek, 1 mile (1.6 km.) below

Manitou Park, El Paso County, Colo.

Lingulella (Lingulepis) acuminata.

360h [U. S. National Museum]. (100 feet above 360i; see locality 3g.) Upper Cambrian: Sandy shales about 200

feet (61 m.) above the base of the section at Glenwood Springs, Garfield County, Colo. (T. W. Stanton, 1889).

Obolus masra.

3601 [U. S. National Museum]. (100 feet below 360h; see locality 3g.) Upper Cambrian: Sandstones about 100

feet (30 m.) above the base of the section at Glenwood Springs, Garfield Coimty, Colo. (T. W. Stanton, 1889).

Obolus maera.



LOCALITIES. 275

361 [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shaly

limestone in suburb of Attalla, Etowah County, Ala. (M. R. Campbell).

Lingulella desiderata.

Acrotreta kutorgai.

362 [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Upper Cambrian: Shales

in the Oothkalooga Valley, Bartow County, Ga.

Lingulella desiderata.

362a [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandy

shale a short distance west of Cave Spring, Floyd County, Ga.

Lingulella similis.

364 [Sardeson, 1896, p. 95]. Upper Cambrian: St. Lawrence formation in both Wisconsin and Minnesota.

Lingulella mosia.

364a [Sardeson, 1896, p. 95]. Lower Ordovician: "Oneota dolomite" along St. Croix River in both Wisconsin

and Minnesota.

Lingulella mosia.

366 [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Whitesand

Bay, near St. Davids Head, Pembrokeshire, South Wales.

Lingulella davisi.

366a [U. S. National Museum]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper
portion of Middle Lingula flags 6 miles (9.6 km.) east of Ffestiniog, Merionethshire, North Wales.

Lingulella davisi.

366b [U. S. National Museum]. (For stratigraphic position and association, see p. 136.) Middle Cambrian: Red
shales at the base of the Harlech grits at Porthclais Harbor, south of St. Davids, South Wales.

Lingulella ferruginea.

366c [Salter and Etheridge, 1881, p. 538]. (See 318i.) (For stratigraphic position and association, see p. 136.)

Middle? Cambrian: "Caerfai group" at Caerfai, Nuns Hill, and Porthclais Harbor, south of St. Davids,

South Wales.

*Lingulella primseva.

366d [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Carnedd Filiast, Bangor, Carnarvonshu-e, North Wales,

Lingulella davisi.

366e [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Marchilljm-mawr, Llanberis, Carnarvonshire, North Wales.

Lingulella davisi.

366f [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Ffestiniog, Merionethshire, North Wales.

Lingulella davisi.

366g [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Dolgelly, Merionethshire, North Wales.

Lingulella davisi.

366h [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Pen-y-Bryn, 5 miles (8 km.) north of Dolgelly, Merionethshire, North Wales.

Lingulella davisi.

3661 [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Llyn Dywarchen, Merionethshire, North Wales.

Lingulella davisi.

366] [Davidson, 1866, p. 57.] (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Pont Nant-y-Lladron, on the Bala Road from Ffestiniog, Merionethshire, North Wales.

Lingulella davisi.

366k [Davidson, 1866, p. 57], (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower
Lingula flags at Penmorfa, Merionethshire, North Wales.

Lingulella davisi.

366 1 [Davidson, 1866, p. 57). (For stratigraphic position and association, see p. 135). Upper Cambrian: Lower
Lingula flags at Tremadoc, Merionethshire, North Wales.

Lingulella davisi.
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366m [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Lower

Lingula flags near Nant-y-groes, west of Bala, Merionethshire, North Wales.

Lingulella davisi

.

366n (U. S. National Museum]. (For stratigraphic position and association, seep. 135.) Upper Cambrian: Lower

Lingula flags at Portmadoc, Merionethshire, North Wales.

Lingulella davisi.

366o [McCoy, 1854, p. 254]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: "Bala

schists" at Bryn Meljm, near Bala, Merionethshire, North Wales.

Lingulella davisi.

366p [Davidson, 1866, p. 57]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper
Tremadoc beds at Deudraeth, Merionethshire, North Wales.

Lingulella davisi.

386q (references follow species). (For stratigraphic position and association, see p. 135.) Upper Cambrian: Upper
Tremadoc beds at Garth, opposite Portmadoc, Merionethshire, North Wales.

Lingulella davisi [Davidson, 1866, p. 57].

Lingulella lepis [Davidson, 1866, p. 54].

366r [U. S. National Museum]. (For stratigraphic position and association, see p. 135.) Upper Cambrian: Shales

2 miles (3.2 km.) north of Builth, Brecknockshire, South Wales.

Lingulella davisi.

366s [U. S. National Museum]. (See 366a.) (For stratigraphic position and association, see p. 135.) Upper
Cambrian: Upper Lingula flags 5 miles (8 km.) east of Ffestiniog, Merionethshire, North Wales.

Orusia lenticularis.

.367 [U. S. National Museum]. Lower Cambrian: Conglomerate and limestone, Troy, Rensselaer County, N. Y.

*Lingulella schucherti.

Microdiscus schucherti.

Protypus hitchcocki (Whitfield).

These species may be from widely different localities.

367a [U. S. National Museum]. (See 38.) Lower Cambrian: Limestone about a third of a mile (0.5 km.) south

of John Hulett's farmhouse, 3 miles (4.8 km.) west of South Granville, and 4.5 miles (7.2 km.) southwest

of Granville, Fort Ann quadrangle (U. S. G. S.), Washington County, N. Y.

Billingsella salemensis.

367b [U. S. National Museum], Lower Cambrian: Sandstone at Lansingburg, north of Troy, Cohoes quadrangle

(U. S. G. S.), Rensselaer County, N. Y.

Billingsella salemensis??.

Scenella sp.

367c [U. S. National Museum]. Ordovician: Beekmantown limestone, Division A, quarry near the northwest

suburbs of Ticonderoga, Essex County, N. Y.

*Lingulella (Lingulepis) acuminata sequens.

367d (references follow species). Middle Cambrian: Limestones near Stissing, Dutchess County, N. Y.

*Micromitra (Paterina) stissingensis [Dwight, 1889, p. 145]. I *Leperditia ebenina [Dwight, 1889, p. 144].

Hyolithes billingsi? [Dwight, 1889, p. 143]. |
*01enoides stissingensis [Dwight, 1889, p. 147].

367e [Dwight, 1886, p. 205]. Upper Cambrian: Shaly limestones 850 feet (259.1 m.) southerly from the southwest

corner of the driving park and 2,200 feet (670.6 m.) west of the road leading southerly from the same, about

1 mile (1.6 km.) southwest of Vassar College, near Poughkeepsie, Dutchess County, N. Y.

Lingulella (Lingulepis) acuminata.

367f [U. S. National Museum]. Upper Cambrian: Sandstone at French Creek, 1 mile (1.6 km.) east of Keeseville,

Essex County, N. Y.

Lingulella prima.

367g [U. S. National Museum], Upper Cambrian: Sandstone in the bed of the brook in the suburbs of Port Henry,

Essex County, N. Y.

Lingulella prima,

367h [U. S. National Museuni]. LTpper Cambrian: Sandstone at Rosses Bridge, 4 miles (6.4 km.) west of Essex

village, Essex County, N. Y.

Lingulella prima.



Paradoxides bohemicus [Gurich, 1896, p. 17].

Agnostus fallax [Gm-ich, 1896, p. 17].

Agnostus gibbus [Gurich, 1896, p. 17].

Liostracus linnarssoni [Gurich, 1896, p. 17].
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367i [Hall, 1847, p. 290]. Lower Cambrian: Shales near Troy, Rensselaer County, N. Y.

*Botsfordia cselata.

367j [U. S. National Museum]. (See 108.) Upper Cambrian:
,
Sandstones 3 miles (4.8 km.) south of Pough-

keepsie, Dutchess County, N. Y.

Lingulella (Lingulepis) acuminata.

367k [U. S. National Museum]. (See 109.) Upper Cambrian: Sandstone at Deweys Bridge, Washington County,

N. Y.

Lingulella (Lingulepis) acuminata.

3671 [U. S. National Museum]. Cambrian: Shales 0.75 mile (1.2 km.) southwest of Hillsdale, Port Ann quad-

rangle (U. S. G. S.), Washington County, N. Y. (L. M. Prindle, 1895).

Obolus sp.

368 (references follow species). Middle Cambrian: Quartzitic sandstone in the Pepper Mountains, near Sandomierz

on the Vistula, Russian Poland.

Obolus apollinis (U. S. National Museum).

*Lingulella siemiradzkii (U. S. National Museum).

Lingula cf. crassa [Gurich, 1896, p. 214]=Lingulella

siemiradzkii.

Paradoxides cf. tessini [Gurich, 1896, p. 17].

368a [Siemiradzki, 1886, p. 672]. Gray sandstone of unknown stratigraphic position or age in the Polnischen

Mittelgebirge, north of Sandomierz on the Vistula, Russian Poland.

Obolus (Mickwitzella) siluricus.

369 [U. S. National Museum]. (For stratigraphic position and association, see p. 137.) Upper Cambrian : Sand-

stone in the Elvins formation in the eastern limits of the town of Flat River,' St. Francois County, Mo.

*Obolus ismene.
|

Linnarssonella girtyi.

Lingulella texana.
I
Eoorthis indianola.

369a [U. S. National Museum]. (For stratigraphic position and association, see p. 137.) Middle Cambrian: Lime-

stone in or just beneath the '

' Edgewise beds " near Elvins, 6 miles (9.6 km.) south of Bonneterre, St. Francois

County, Mo.

Eoorthis wichitaensis.

369b [U. S. National Museum]. Upper Cambrian: Limestone near Potosi, Washington County, Mo.

Eoorthis indianola.

369c [U. S. National Museum]. (For stratigraphic position and association, seep. 137.) Upper Cambrian: Dolomite

above the "Edgewise beds" in a railroad cut 0.5 mile (0.8 km.) southwest of Elvins, 6 miles (9.6 km.) south

of Bonneterre, St. Francois County, Mo. (E. 0. Ulrich).

Billingsella major?.

369d [U. S. National Museum]. (For stratigraphic position and association, see p. 137.) Upper Cambrian: Upper
portion of the Elvins formation 2.5 to 3 miles (4 to 4.8 km.) north of Caledonia, Washington County, Mo.

Billingsella coloradoensis.

369e [U. S. National Museum]. (For stratigraphic position and association, see p. 137.) Upper Cambrian: Sand-

stone on Big River, near Montana, Iron County, Mo.

Billingsella coloradoensis.

369f [Walcott, 1891b, p. 841]. (For stratigraphic position and association, see p. 137.) Middle Cambrian: Lime-
stone at Fredericktown, Madison County, Mo. '

Obolus lamborni. '

369g [U. S. National Museum]. (For stratigraphic position and association, see p. 137.) Middle Cambrian: Shales

at Bonneterre, St. Francois County, Mo.

Lingulella desiderata.

36911 [U. S. National Museum]. (For stratigraphic position and association, see p. 137.) Middle Cambrian: Shale

at Mine Lamotte, Madison County, Mo. (C. D. Walcott and F. B. Meek).

Obolus lamborni.

372 [U. S. National Museum]. (See 8d.) (For stratigraphic position and association, see p. 131.) UpperCambrian:
Shale at Upper Leitches Creek, eastern Cape Breton, Nova Scotia.

Lingulella concinna.

372a [U. S. National Museum]. (See 10m.) (For stratigraphic position and association, see p. 131.) Upper Cam-
brian: Shale 2 miles (3.2 km.) south of the Boisdale road from Upper Leitches Creek, eastern Cape Breton,

Nova Scotia.

Lingulella concinna.
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372b [U, S. National Museum]. (See 3p.) (For stratigraphic position and association, see p. 131.) Upper Cam-
brian: Shale in ravine 0.5 mile (0.8 km.) north of McMulline, on the crossroad to Boisdale railroad station,

eastern Cape Breton, Nova Scotia.

Lingulella concinna.

3730 [U. S. National Museum]. (See 3o.) (For stratigraphic position and association, see p. 131.) Upper Cambrian r

Shale in ravine east of the railroad, just south of Barachois post office, eastern Cape Breton, Nova Scotia.

Lingulella concinna.

372(1 [U. S. National Museum], (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shale

on McAdam shore, East Bay, east of Bras d'Or Lake, eastern Cape Breton, Nova Scotia.

Lingulella concinna.

372e [Matthew, 1903, p. 50]. (For stratigraphic position and association, see p. 131.) Upper Cambrian: Shales

on McMuUins Brook, near McLeod Brook (=Barachois River), eastern Cape Breton, Nova Scotia, Canada.

Monobolina refulgens.

Schizambon priscus.

372f [U. S. National Museum]. (For stratigraphic position and association, see p. 134.) Middle Cambrian: Shales

on Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

Lingulella (Lingulepis) longinervis.

374 [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: In the

suburbs of and 4 and 11 miles (6.4 and 17.7 km.) north-northeast of Knoxville, Knox County, Tenn.

Lingulella similis.

374a [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Lime-

stone 2 miles (3.2 km.) south of Coal Creek, Anderson County, Tenn.

Dicellomus appalachia.

374b [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale

1.25 miles (2 km.) from Rogersville, on the road to Powell, near the line between the Morristown and Greene-

ville quadrangles (U. S. G. S.), Hawkins County, Tenn.

Dicellomus appalachia.

374c [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Sandy
shale (Nolichucky?) [Campbell, 1899, p. 3] 8 miles (12.8 km.) northeast of Shipleys, near the line between

the Roan Mountain and Bristol quadrangles (U. S. G. S.), Sullivan County, Tenn.

Dicellomus appalachia.

374(1 [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shale

2 miles (3.2 km.) north of Rotherwood, Hawkins County, Tenn. (Cooper Curtice).

Lingulella (Lingulepis) acuminata.

374e [U. S. National Museum]. (For stratigraphic position and association, see p. 147.) Middle Cambrian: Shales

collected near the state line, 2.25 miles (3.6 km.) north of Peltier, Estillville quadrangle (U. S. G. S.), Sulli-

van County, Tenn. (M. R. Campbell).

Obolus willisi.

386 [Gagel, 1890, p. 34]. Passage beds between the Upper Cambrian and the Ordovician: Drift blocks of Cerato-

pyge limestone near Belschwitz, East Prussia, Germany.

Eoorthis daunus.

386a [Gagel, 1890, p. 34]. Passage beds between the Upper Cambrian and the Ordovician: Drift blocks of "Glau-

conite limestone" near Prussian Holland, 90 miles (145 km.) south-southwest of Konigsberg, East Prussia,

Germany.

Orthis christiani8e=Eoorthis daunus?.

386b (references follow species). Passage beds between the Upper Cambrian and Ordovician: Drift blocks of

"Glauconite limestone" near Wehlau, 30 miles (48.3 km.) east of Konigsberg, East Prussia, Germany.

Obolus (Acritis) antiquissimus [Gagel, 1890, p. 22]. 1 . . ,. , , ...

Orthis christiania> [Gagel, 1890, p. 34]=Eoorthis daunus?.^^^^^ ^P«^^^« °^^y °'^^"'' ^" different blocks of limestone.

386e [Roemer, 1885, p. 23 (270)]. Upper Cambrian: Drift bowlder found near Lyck, East Prussia, Germany.

Obolus apoUinis.

386d [Roemer, 1885, p. 23 (270)]. Upper Cambrian: Drift bowlder found near Danzig, West Prussia, Germany.

Obolus apollinis.

386e [Roemer, 1885, p. 33 (280)]. Upper Cambrian: Drift bowlders of gray bituminous limestone between

Vistula and Elbe rivers, in Schleswig-Holstein and Mecklenburg-Schwerin, Germany.

Orusia lenticularis.

Parabolina spinulosa.
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386f [Roemer, 1885, p. 34 (281)]. Upper Cambrian: Drift bowlders of gray bituminous limestone near Wismar,
Mecklenburg-Schwerin, Germany.

Orusia lenticularis.

386g [Roemer, 1885, p. 34 (281)]. Upper Cambrian: Drift bowlders of gray bituminous limestone near Rostock,

Mecklenburg-Schwerin, Germany.

Orusia lenticularis.

386h [Roemer, 1885, p. 34 (281)]. Upper Cambrian: Drift bowlders of gray bituminous limestone near Meseritz,

Province of Posen, Germany.

Orusia lenticularis.

3861 (references follow species). (For stratigraphic position and association, see p. 143.) Ordovician: Drift bowlder

of EcMnosphserites limestone near Wehlau, 30 miles (48.3 km.) east of Konigsberg, East Prussia, Germany.
Siphonotreta unguiculata [Gagel, 1890, p. 23].

Siphonotreta verrucosa [Gagel, 1890, p. 22].

386j [Gagel, 1890, p. 23]. (For stratigraphic position and association, see p. 143.) Ordovician: Drift bowlder of

Echinosphxrites limestone at Belschwitz, East Prussia, Germany.

Siphonotreta unguiculata.

386k [Gagel, 1890, p. 22]. (For stratigraphic position and association, see p. 143.) Ordovician: Drift bowlder of

Echinosphxrites limestone near Wormditt, East Prussia, Germany.
Siphonotreta unguiculata.

Siphonotreta verrucosa.

3861 [Gagel, 1890, p. 22]. (For stratigraphic position and association, seep. 143.) Ordovician: Drift bowlder of

Echinosphxrites limestone near Marienwerder, West Prussia, Germany.
Siphonotreta unguiculata.

Siphonotreta verucosa.

389 [Kayser, 1876, p. 8]. Upper Cambrian: Sandstone at Salta, Province of Salta, Argentina, South America.

*Eoorthis saltensis.

389a [Kayser, 1876, p. 8]. Upper Cambrian: Sandstone at Nevado de Castillo, Province of Salta, Argentina,

South America.

Eoorthis saltensis.

389b (references follow species). Upper Cambrian: Sandstone at Tilcuya, Province of Jujuy, Argentina, South
America.

Orusia lenticularis [Kayser, 1876, p. 9]. Agnostus tilcuyensis [Kayser, 1876, p. 5].

Eoorthis saltensis [Kayser, 1876, p. 8]. Olenus argentinus [Kayser, 1876, p. 6].

*Obolus sp. undt. e [Kayser, 1876, p. 9]. Arionellus lorenzi [Kayser, 1876, p. 7].

Hyolithes sp. undt. [Kayser, 1876, p. 8]. Arionellus hyeronimi [Kayser, 1876, p. 7].

3890 [Kayser, 1897, p. 280]. Upper Cambrian: Conglomeratic sandstone at Ojo de Agua, Province of Santiago

del Est, about 70 miles (112 km.) north of Cordova, Argentina, South America.

*Eoorthis saltensis.

389d (references follow species). Upper Cambrian: At Iruya, Province of Salta, Argentina, South America.

Lingulella davisi [Kayser, 1897, p. 280]. I Agnostus iruyensis [Kayser, 1897, p. 279].

Lingulella ferruginea [Kayser, 1897, p. 280]. Liostracus ulrichi [Kayser, 1897, p. 277].

Eoorthis saltensis [Kayser, 1897, p. 280].
I
Liostracus steinmanni [Kayser, 1897, p. 277].

390 [U. S. National Museum]. (For stratigraphic position and association, see p. 144.) Passage beds between
the Upper Cambrian and the Ordovician: Boundary stratum between the Orthoceras limestone and Cera-

fopyge limestone [Moberg and Segerberg, 1906, p. 69] at Alunbruk (alum works), southern part of Oeland
Island, Sweden.

*EoorlSiis tullbergi.

390a [Moberg, 1892b, p. 112]., (For stratigraphic position and association, see p. 146.) Lower Cambrian : Drift

blocks of glauconitic quartzitic sandstone at several points near Stora Ror, Kalmar sheet (Geol. Survey
Sweden), Oeland Island, Sweden.

*Micromitra (Paterina) undosa.

Discinella.

390b (references follow species). (For stratigraphic position and association, see p. 145.) Upper Cambrian: Lime-
stone of the Shumardia zone (zone 3) at Fogelsang, 5 miles (8 km.) east of Lund, Province of Malmohus,
Sweden.

Eoorthis wimani [Moberg and Segerberg, 1906, p. 71].

Trochus atavus [Moberg and Segerberg, 1906, desc. of PI.

III].

Shumardia oelandica [Moberg and Segerberg, 1906, desc.

of PI. IV].

Shumardia dicksoni [Moberg and Segerberg, 1906, desc.

of PL IV].

Symphysurus angustatus [Moberg and Segerberg, 1906,

desc. of PL V].

Orometopus elatifrons? [Moberg and Segerberg, 1906, desc.

of PI. VII].



Cyrtometopua primigenuB [Moberg and Segerberg, 1906,

desc. of PI. VII].
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390c (references follow species). (For stratigraphic position and association, see p. 145.) Upper Cambrian;
Ceratopyge slate (zone 3) at Wentlinge, Oeland Island, Sweden:

Eoorthis wimani [Moberg and Segerberg, 1906, p. 70].

Beyrichia nanella [Moberg and Segerberg, 1906, desc. of

PI. III].

Shumardia celandica [Moberg and Segerberg, 1906, desc.

of PI. IV].

390d [Moberg, 1892b, p. 112]. (For stratigraphic position and association, see p. 146.) Lower Cambrian: Drift

blocks of glauconitic quartzitic sandstone north of Rohalla, Kalmar sheet (Geol. Survey Sweden), Oeland
Island, Sweden.

Micromitra (Paterina) undoaa.
|
Discinella.

390e [Moberg and Segerberg, 1906, pp. 71 and 109]. (For stratigraphic poaition and associaticn, see p. 144.) Pas-

sage beds between the Upper Cambrian and the Ordovician: Apatocephalus zone of the Ceratopyge suite

at Ottenby, Oeland Island, Sweden.

Eostrophomena elegantula.

390f (U. S. National Museum). (For stratigraphic position and association, see p. 144.) Passage beds between
the Upper Cambrian and the Ordovician: Shales between the "lower graptolite slate" and the Ceratopyge

limestone at Mossebo, on Hunneberg, western boundary of the Province of Skaraborg, Sweden.
*Protorthis? hunnebergensis.

390g [Moberg and Segerberg, 1906, p. 64, and U. S. National Museum]. (See 309i.) (For stratigraphic position

and association, see p. 145.) Upper Cambrian: Limestone in the Dictyograptus slate at Sandby, 6 miles

(9.6 km.) east-northeast of Lund, Province of Malmohus, Sweden.

Obolua (Broggeria) salteri.

390h [Moberg, 1892b, p. 112]. (For stratigraphic position and association, see p. 146.) Lower Cambrian: Drift

blocks of glauconitic quartzitic aandatone on Nordmannaskiir Island, Kalmar sheet (Geol. Survey Sweden),

Sweden.

Micromitra (Paterina) undoaa.

Discinella.

3901 (U. S. National Museum). (SeeSlOd.) (For stratigraphic position and association, seep. 145.) Upper Cam-
brian: Limestone band in the Ceratopyge slate at Borgholm, Oeland Island, Sweden.

Obolua (Broggeria) salteri.

390j (references follow species) . (For stratigraphic position and association, see p . 146
.
) Lower Cambrian : Eophyton

sandstone at Lugnaa, 8 miles (12 km.) south-southweat of Mariestad, Province of Skaraborg, Sweden.

*Hyolithe8 Isevigatus [Linnarsson, 1871, p. 9].

*Mickwitzia monilifera [U. S. National Museum and
Linnarsson, 1869a, p. 344].

*Mickwitzia pretiosa (U. S. National Museum).

Arenicolitea spiralis [Linnarsson, 1869b, p. 398].

Frsena tenella [Linnarsson, 1871, p. 11].

*Agelacrinus? lindatromi [Linnarsson, 1871, p. 1].

Cruziana dispar [Linnarsson, 1869a, p. 353].

Eophyton linnaeanum [Linnarsson, 1869b, p. 399].

*Eophyton torelli [Linnarsson, 1869a, p. 351].

*Dictyonema sp. [Linnarsson, 1871, p. 13].

*Astylospongia radiata [Linnarsson, 1871, p. 13].

*Bythotrephis sp. [Linnarsson, 1871, p. 18].

Scotolithus mirabilis [Linnarsson, 1871, p. 18].

390k. o (For stratigraphic poaition and association, see p. 146.) Lower Cambrian: Eophyton sandstone at Prestorp,

north of the hill of Billingen, southeast of Lake Vennem, Province of Skaraborg, Sweden.

Mickwitzia monilifera.

3901 [Moberg and Segerberg, 1906, p. 65]. (For stratigraphic position and aaaociation, see p. 145.) Upper Cam-
brian: Obohis conglomerate at Klittberget, in Dalame, Province of Kopparberg, Sweden.

Obolus apollinis.

390m. [Moberg and Segerberg, 1906, p. 65]. (For stratigraphic position and association, see p. 145.) Upper Cam-
brian: Conglomerate overlying a glauconite sand at Horn, northern part of Oeland Island, Sweden.

Obolua apollinis.

390n [U. S. National Museum]. (For stratigraphic position and aaaociation, see p. 145.) Upper Cambrian: Lime-

stones of Olenus zone at Hunneberg, westerii boundary of the Province of Skaraborg, Sweden.

Orusia lenticularia.

Parabolina spinulosa.

390o [U. S. National Museum]. (For stratigraphic position and aaaociation, see p. 145.) Upper Cambrian : Arena-

ceous shales at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province of Christianstad, Sweden.

Orusia lenticularis. (Von Buch [1834, p. 48] cites this species from "aluminiferous schists " at Andrarum, and the two

localities may be the same.)

a The authority for the citation ot this locality was mislaid and could not he traced in time for insertion in this volume.
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390p [Davidson, 1869, p. 231]. (For etratigraphic position and association, see p. 145.) Upper Cambrian: At
Kinnekulle, northeast of Lidkoping, Province of Skaraborg, Sweden.

Orusia lenticularis.

392 [U. S. National Museum]. Upper Cambrian: Potsdam sandstone at Burgess, Canada.

Lingulella (Lingulepis) acuminata.

392a [U. S. National Museum; seeWalcott, 1891b, p. 254]. Lower Cambrian: Limestones at L'Anseau Loup, on the

north shore of the Straits of Belleisle, Labrador.

Micromitra (Paterina) bella.

*Micromitra (Paterina) labradorica.

*Obolella chromatica.

*Kutorgina cingulata.

Nisusia festinata.

*Nisusia (Jamesella) sp. undt.

Orthis 2 sp.

Pateophycus incipiens.

Archseocyathus profundus (Billings).

Spirocyathus atlanticus (Billings).

Coscinocyathus billingsi Walcott.

392b [Matthew, 1895b, p. 258]. Upper Cambrian: Sandstone at Beverly, township of Bastard, county of Leeds,

Ontario, Canada. This sandstone corresponds to the passage beds above the massive Potsdam sandstone at

Chateaugay Falls, New York.

Lingulella (Lingulepis) acuminata.

392c [Billings, 1872a, p. 218]. Lower Cambrian: At the Straits of Belleisle, Labrador.

Stenotheca elongata Walcott.

Stenotheca rugosa (Hall).

Hyolithes billingsi Walcott.

Salterella pulchella Billings.

Salterella rugosa Billings.

Mesonacis vermontana (Hall).

Olenellus logani Walcott (Geol. Survey Canada).

Ptychoparia miser Billings.

Protypus senectus Billings.

Solenopleura (like S. nana Ford).

*Bicia gemma.
Obolella chromatica.

Obolella crassa.

Obolella desquamata= Obolella crassa.

Botsfordia caslata.

Quebecia circe.

392d [Billings, 1856, p. 34]. Upper Cambrian: Sandstone on Lot 11, 11th concession, township of Lansdowne,

county of Leeds, Ontario, Canada.

Lingulella (Lingulepis) acuminata.

392e [Billings, 1856, p. 34], Upper Cambrian: Sandstone on Lot 22, 9th concession, township of Bastard, county

of Leeds, Ontario, Canada.

Lingulella (Lingulepis) acuminata.

392g [Dawson, 1888a, p. 55]. Middle? Cambrian (probably between the Middle and Upper Cambrian): Black

shales at Little Metis, Province of Quebec, Canada.

Obolella ida=Acrotreta sagittalis.

392h [Billings, 1859, p. 432]. Ordovician: Limestone of the "Chazy formation" in the valley of Ottawa River,

above Carillon, Quebec, Canada.

Obolus belli.

3921 [Billings, 1865a, p. 220]. Lower Ordovician: Limestone at Phillipsburgh, Province of Quebec, Canada.

Syntrophia calcifera.

Bathyurus saffordi.

392] [U.S. National Museum]. Lower Ordovician: Limestones of the "Quebec group " at Point Levis, Province of

Quebec, Canada.

*Syntrophia calcifera.

3921 [Geological Survey of Canada]. Lower Cambrian: Arenaceous limestone at Point Amour, Straits of Belleisle,

Labrador.

Kutorgina cingulata.

Obolella chromatica.

Stenotheca cf . elongata Walcott.

Discinella.

Archseocyathus.

Olenellus sp.?.

392m [U. S. National Museum]. (See 392i.) Upper Cambrian: Sandstone on the east shore of Missisquoi Bay,

1.5 miles (2.4 km.) south of Phillipsburgh, Province of Quebec, Canada (C. D. Walcott, 1SS8).

Lingulella (Lingulepis) acuminata.

392n [U. S. National Museum]. Upper Cambrian; Sandstone in eastern Canada, exact locality unknown (Geol.

Survey Canada, 1876).

Lingulella (Lingulepis) acuminata.
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3920 [U. S. National Museum]. Lower Cambrian: Arenaceous limestone collected somewhere in Vermont, exact

locality unknown (T. C. Wooster).

Rustella edsoni.

392p [U. S. National Museum].

Nisusia festinata.

Lower Cambrian: Shale on the Jewell farm, Franklin County, Vt.

395 (references follow species). (For stratigraphic position and association, see p. 143.) Upper Cambrian : Oholus

sandstone at Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval, Government of Esthonia, Russia.

Obolus apollinis [Mickwitz, 1896, p. 137].

Obolus apollinis ingricus [Mickwitz, 1896, p. 139].

*Obolus apollinis maximus [Mickwitz, 1896, p. 144, and

IT. S. National Museum].

*Obolus apollinis quenstedti [Mickwitz, 1896, p. 145].

*Obolus eichwaldi [Mickwitz, 1896, p. 155].

*Obolus elegans [Mickwitz, 1896, p. 158].

*Obolus panderi [Mickwitz, 1896, p. 151].

*Obolus schmidti [Mickwitz, 1896, p. 153].

*Obolu8 volborthi [Mickwitz, 1896, p. 157].

*Obolus (Schmidtia) acuminatus [Mickwitz, 1896, p. 183,

and U. S. National Museum].

*Obolus (Schmidtia) acuminatus alatus [Mickwitz, 1896,

p. 184].

*Obolus (Schmidtia) acuminatus humeratus [Mickwitz>

1896, p. 186].

Obolus (Schmidtia) acuminatus subtriangularis [Mick-

witz, 1896, p. 187].

Obolus (Schmidtia) celatus (U. S. National Museum).

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p.

166].

*Obolus (Schmidtia) crassus [Mickwitz, 1896, p. 192, and
U. S. National Museum].

Obolus (Schmidtia) crassus angulatus pviickwitz, 1896, t).

194].

*Obolus (Schmidtia) obtusus [Mickwitz, 1896, p. 171, and
U. S. National Museum].

Obolus (Schmidtia) obtusus acutus [Mickwitz, 1896, p. 178].

Obolus (Schmidtia) obtusus ellipticus [Mickwitz, 1896, p.

178].

Obolus (Schmidtia) obtusus extenuatus [Mickwitz, 1896,

p. 177].

Obolus (Schmidtia) obtusus latus [Mickwitz, 1896, p. 175].

Obolus (Schmidtia) obtusus longus [Mickwitz, 1896, p. 172],

Obolus (Schmidtia) obtusus minutus [Mickwitz, 1896, p.

176].

Lingulella (Leptembolon) lingulseformis (U. S. National

Museum).

Keyserlingia buchi (U. S. National Museum).

395a (references follow species). (For stratigraphic position and association, see p. 143.) Upper Cambrian : Obolus
sandstone at Tihala, near Jegelecht, about 12 miles (19.3 km.) east of Reval, Government of Esthonia,

Russia.

Obolus (Schmidtia) acuminatus humeratus [Mickwitz,

1896, p. 186].

Obolus (Schmidtia) celatus preecisus [Mickwitz, 1896, p.

Obolus apollinis ingricus [Mickwitz, 1896, p. 139].

Obolus apollinis quenstedti [Mickwitz, 1896, p. 144].

Obolus (Schmidtia) acuminatus [Mickwitz, 1896, p. 183]

Obolus (Schmidtia) acuminatus alatus [Mickwitz, 1896, p
184]. Obolus (Schmidtia) crassus [Mickwitz, 1896, p. 192].

395b (references follow species). (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone at Ilgast, Government of Esthonia, Russia.

Obolus apollinis (U. S. National Museum),

Obolus elegans (U. S. National Museum).

Obolus (Schmidtia) acuminatus [Mickwitz, 1896, p. 183].

Obolus (Schmidtia) acuminatus alatus [Mickwitz, 1896, p.

184].

Obolus (Schmidtia) acuminatus humeratus [Mickwitz,

1896, p. 186].

Obolus (Schmidtia) acuminatus subtriangularis [Mick-

witz, 1896, p. 187].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p.

166].

Obolus (Schmidtia) crassus [Mickwitz, 1896, p. 192].

Obolus (Schmidtia) crassus angulatus [Mickwitz, 1896, p.

194].

Obolus (Schmidtia) obtusus [Mickwitz, 1896, p. 171].

Obolus (Schmidtia) obtusus ellipticus [Mickwitz, 1896, p.

178].

Keyserlingia buchi (U. S. National Museum).

395c (references follow species). (For stratigraphic position and association, see p. 143.) Upper Cambrian : Obolus

sandstone at Asserien, 75 miles (121 km.) east of Reval, Government of Esthonia, Russia.

Obolus (Schmidtia) acuminatus [Mickwitz, 1896, p. 183].
|

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p.

Obolus (Schmidtia) acuminatus alatus [Mickwitz, 1896, p. 166].

184]. Obolus (Schmidtia) crassus [Mickwitz, 1896, p. 192].

*Obolus (Schmidtia) celatus [Volborth, 1869, p. 212].
|

395d (references follow species). (Forstratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.) west of Narwa, Govern-
ment of Esthonia, Russia.

Obolus (Schmidtia) acuminatus [Mickwitz, 1896, p. 183],

Obolus (Schmidtia) acuminatus alatus [Mickwitz, 1896, p.

184].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p.

166].

Obolus (Schmidtia) crassus [Mickwitz, 1896, p. 192].



LOCALITIES. 283

395e (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Obolus

sandstone at Isenhof, 85 miles (137 km.) east of Reval, Government of Esthonia, Russia.

Obolus (Schmidtia) acuminatus [Mickwitz, 1896, p. 183].

Obolus (Schmidtia) acuminatus alatus [Mickwitz, 1896, p.

184].

Obolus (Schmidtia) celatus prsscisus [Mickwitz, 1896, p.

166].

Obolus (Schmidtia) crassus [Mickwitz, 1896, p. 192].

395f [Mickwitz, 1896, p. 142]. (For stratigraphic position and association, see p. 144.) Upper Cambrian: Obolus

conglomerate throughout the East Baltic region. Government of Esthonia, Russia.

Obolus apolliuis.

Obolus apollinis maximus.

395g (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Obolus

conglomerate at Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval, Government of Esthonia, Russia.

*Obolus triangularis [Mickwitz, 1896, p. 147].

Obolus triangularis inornatus [Mickwitz, 1896, p. 149].

Obolus (Schmidtia) celatus [Mickwitz, 1896, p. 163].

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896,

p. 165].

Obolus (Schmidtia'^ celatus prsecisus [Mickwitz, 1896, p.

166].,

39511 (references follow species). Upper Cambrian: Obolus conglomerate at Tihala, near Jegelecht, about 12 miles

(19.3 km.) east of Reval, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus [Mickwitz, 1896, p. 163].

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prascisus [Mickwitz, 1896, p. 166].

3951 (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Obolus

conglomerate at Ugast, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus prtecisus [Mickwitz, 1896, p.

166].

Obolus triangularis [Mickwitz, 1896, p. 147].

Obolus (Schmidtia) celatus [Mickwitz, 1896, p. 163].

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896,

p. 165].

396j (references follow species). (For stratigraphic position and association, seep. 144.) Upper Cambrian : Obolvs

conglomerate at Asserien, 75 miles (121 km.) east of Reval, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

395k (references follow species) . (For stratigraphic position and association, see p. 144.) Upper Cambrian : Obolus

conglomerate at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.) west of Narwa, Gov-

ernment of Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

•3951 (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian : Obolus

conglomerate at Isenhof, 85 miles (137 km.) east of Reval, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus praecisus [Mickwitz, 1896, p. 166].

395ni (references follow species) . (For stratigraphic position and association, see p. 144.) Upper Cambrian: Sand-

stone below the Obolus conglomerate at Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval, Government
of Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz,' 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

395n (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Sand-

stone below the Obolus conglomerate at Tihala, near Jegelecht, about 12 miles (19.3 km.) east of Reval,

Government of Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

395o (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Sand-

stone below the Obolus conglomerate at Ugast, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus [Mickwitz, 1896, p. 163].

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

395p (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Sand-

stone below the Obolus conglomerate at Asserien, 75 miles (121 km.) east of Reval, Government of Esthonia,

Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].
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395q (references tollow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian: Sand-

stone below the Obolus conglomerate at Ontika, about 95 miles (153 km.) east of Eeval and 30 miles (48 km.)

west of Narwa, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

395r (references follow species). (For stratigraphic position and association, see p. 144.) Upper Cambrian:

Sandstone below the Obolus conglomerate at Isenhof, 85 miles (137 km.) east of Reval, Government of

Esthonia, Russia.

Obolus (Schmidtia) celatus orbiculatus [Mickwitz, 1896, p. 165].

Obolus (Schmidtia) celatus prsecisus [Mickwitz, 1896, p. 166].

395s [Mickwitz, 1896, p. 163]. (For stratigraphic position and association, see p. 144.) Upper Cambrian : Schmidtia

conglomerate (part of the Obolus conglomerate) at Asserien, 75 miles (121 km.) east of Reval, Government of

Esthonia, Russia.

Obolus (Schmidtia) celatus.

395t [Mickwitz, 1896, p. 163]. (For stratigraphic position and association, see p. 144.) Upper Cambrian: Schmidtia

conglomerate (part of the Obolus conglomerate) at Ontika, about 95 miles (153 km.) east of Reval and 30

miles (48 km.) west of Narwa, Government of Esthonia, Russia.

Obolus (Schmidtia) celatus.

395u [Mickwitz, 1896, p. 163]. (For stratigraphic position and association, see p. 144.) Upper Cambrian: Schmidtia

conglomerate (part of the Obolus conglomerate) at Isenhof, 85 miles (137 km.) east of Reval, Government of

Esthonia, Russia.

Obolus (Schmidtia) celatus.

395v [Eichwald, 1843, p. 147]. (For stratigraphic position and association, seep. 143.) Passage beds between the

Upper Cambrian and the Ordovician: Sandstone on Odensholm Island, about 55 miles (88.6 km.) west of

Reval, Government of Esthonia, Russia.

Obolus (Mickwitzella) siluricus.

395w [Eichwald, 1843, p. 147]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: In the chlorite-bearing sands in the limestone beds at Pawlowsk, near

St. Petersburg, Russia.

Obolus (Acritis) antiquissimus.

Obolus (Mickwitzella) siluricus.

395x [Lamansky, 1901, p. 617]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: Glauconitic sandstone (correlated by Lamansky, 1901, p. 617, with

the Upper Cambrian Ceratopyge slate) in the vicinity of Baltischport, about 30 miles (48 km.) west of

Reval, Government of Esthonia, Russia.

Obolus (Mickwitzella) siluricus.

395y [Kutorga, 1848, p. 281]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: Sandstone on Pulkowa Brook, near St. Petersburg, Russia.

Obolus (Mickwitzella) silm-icus.

395z (references follow species). (For stratigraphic position and association, see p. 143.) Upper Cambrian: Obolus

sandstone at Jamburg on Louga (Luga) River, Government of St. Petersburg, Russia.

*Obolus apollinis [Eichwald, 1829, p. 274, and U. S. National Museum].

*Obolus apollinis ingricus [Eichwald, 1829, p. 274].

Obolus apollinis quenstedti [Mickwitz, 1896, p. 144].

396 (references follow species). (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite sandstone" at Baltischport, 30 miles (48 km.) west of

Reval, Government of Esthonia, Russia. '

Obolus (Mickwitzella) siluricus [Mickwitz, 1896, p. 198, and U. S. National Museum].
Lingulella (Leptembolon) lingulseformis [Mickwitz, 1896, p. 203].

396a (references follow species). (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite sandstone" at Leppiko, near Leetz, on the eastern side

of the Baltischport peninsula, about 25 miles (40.3 km.) west of Reval, Government of Esthonia, Russia.

*Obolus (Mickwitzella) siluricus [Mickwitz, 1896, p. 198, and U. S. National Museum].
*Lingulella (Leptembolon) lingulaeformis [Mickwitz, 1896, p. 203, and U. S. National Museum].
*Lingulella (Leptembolon) lingulaeformis solidus [Mickwitz, 1896, p. 205].

396b (references follow species). (For stratigraphic position and association, see p. 143.) Passage beds between
the Upper Cambrian and the Ordovician: "Glauconite sandstone" at Fall, 15 miles (24 km.) west of Reval,

Government of Esthonia, Russia.

Obolus (Mickwitzella) siluricus [Mickwitz, 1896, p. 198].

Lingulella (Leptembolon) lingulseformis [Mickwitz, 1896, p. 203].
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396c (references follow species). (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite sandstone" at the mouth of Fahna Brook, east of Fall,

about 15 niiles (24 km.) west of Reval, Government of Esthonia, Russia.

Obolus (Mickwitzella) silm-icus [Mickwitz, 1S96, p. 198].

Lingulella (Leptembolon) linguteformis [Mickwitz, 1896, p. 203],

396d. (references follow species). (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite sandstone" at Domglint in Reval, Government of

Esthonia, Russia.

Obolus (Acritis) antiquissimus (U. S. National Museum).

Obolus (Acritis) antiquissimus ventrosus [?].

Lingulella (Leptembolon) lingulseformis [Mickwitz, 1896, p. 203].

396e [Mickwitz, 1896, p. 198]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite sandstone " in the eastern part of the east Baltic region.

Government of Esthonia, Russia.

Obolus (Mickwitzella) siluricus.

396f [Mickwitz, 1896, p. 204]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite sandstone" in the western part of the east Baltic region,

Russia.

Lingulella (Leptembolon) lingulseformis.

396g [Eichwald, 1843, p. 143]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: In the upper limestone at Reval, Government of Esthonia, Russia.

*Obolus (Acritis) antiquissimus.

3961i [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite limestone" at Tischer, 10 miles (16 km.) west of Reval,

Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

3961 [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite limestone" at Fall, 15 miles (24 km.) west of Reval,

Government of Esthonia, Russia.

Obolus (Acritis") antiquissimus.

396j [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite limestone" at Nommeweske, near Palms, Government
of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

396k [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite limestone" at Iswos on the Wolchow, Government of

St. Petersburg, Russia.

Obolus (Acritis) antiquissimus,

3961 [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between the

Upper Cambrian and the Ordovician: "Glauconite limestone" at Pulkowa, near St. Petersbiurg, Russia.

Obolus (Acritis) antiquissimus.

396m. [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between
the Upper Cambrian and the Ordovician: "Lower lenticular layer" of the "glauconite limestone" at

Saggad, east of Palms, Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

396n [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between
the Upper Cambrian and the Ordovician: White limestone between the "glauconite limestone" and the

sandy representative of the "Vaginatum limestone" at Leppiko, near Leetz, on the eastern side of the

Baltischport peninsula, about 25 miles (40.3 km.) west of Reval, Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

3960 [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between
the Upper Cambrian and the Ordovician: "Glauconite limestone" in the entire western part of the east

Baltic region. Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

396p [Mickwitz, 1896, p. 213]. (For stratigraphic position and association, see p. 143.) Passage beds between
the Upper Cambrian and the Ordovician: Strata between the "lower lenticular layer" and the " Vaginatum
limestone" proper at Nommeweske, near Palms, Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.
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396q [Schmidt, 1888, p. 24], (For stratigraphic position and association, see p. 144.) Lower Cambrian: Upper
boundary of the blue clay with the Fucoid sandstone (the " Mickwitzia conglomerate" [Schmidt, 1888,

p. 24]), at Reval, Government of Esthonia, Russia.

Mickwitzia monilifera.

396r [Schmidt, 1888, p. 24]. (For stratigraphic position and association, see p. 144.) Lower Cambrian: In the

"upper strata" at Streitberg, near Beval, Government of Esthonia, Russia.

Mickwitzia monilifera.

396s [Schmidt, 1888, p. 24]. (For stratigraphic position and association, see p. 144.) Lower Cambrian: In loose

blocks on Kosch Brook near Likkat, near Reval, Government of Esthonia, Russia.

Mickwitzia monilifera.

396t [Schmidt, 1888, p. 24]. (For stratigraphic position and association, see p. 144.) Lower Cambrian: At the

sandstone capes of Ziegelskoppel, Kakkomaggi (also Bocca al Mare), near Reval, Government of Esthonia,

Russia.

Mickwitzia monilifera.

396u [Schmidt, 1888, p. 24]. (For stratigraphic position and association, see p. 144.) Lower Cambrian: In loose

blocks on the lower course of Jaggowal Brook, about 20 miles (32.2 km.) east-southeast of Reval, Govern-

ment of Esthonia, Russia.

Mickwitzia monilifera.

Traces of Olenellus.

396v [Schmidt, 1888, p. 24, and U. S. National Museum]. (For stratigraphic position and association, see p. 144.)

Lower Cambrian: At the upper boundary of a dolomitic sandstone with which the Olenellus stratum

begins, below the cement factory on Kunda Brook, Government of Esthonia, Russia.

Mickwitzia monilifera.

Traces of Olenellus.

396w [Schmidt, 1888, p. 24]. (For stratigraphic position and association, see p. 144.) Lower Cambrian: In the

glauconitic sands above the main mass of the clay, below the cement factory on Kunda Brook, Govern-

ment of Esthonia, Bussia.

Mickwitzia monilifera.

396x [Eichwald, 1843, p. 146]. (For stratigraphic position and association, see p. 143.) Passage beds between

the Upper Cambrian and the Ordovician: In the chlorite-bearing sands in the limestone beds at Baltisch-

port, about 30 miles (48 km.) west of Beval, Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

Obolus (Mickwitzella) siluricus.

396y [Eichwald, 1843, p. 147]. (For stratigraphic position and association, see p. 143.) Passage beds between

the Upper Cambrian and the Ordovician: In the chlorite-bearing sands in the limestone beds at Reval,

Government of Esthonia, Russia.

Obolus (Acritis) antiquissimus.

Obolus (Mickwitzella) siluricus.'

396z [Kutorga, 1848, p. 283]. (See 336g.) (For stratigraphic position and association, see p. 143.) Passage beds

between the Upper Cambrian and the Ordovician: Limestone in the vicinity of Zarskoe Selo, Government

of St. Petersburg, Russia.

Obolus (Acritis) antiquissimus.

Localities C1-C75, Carnegie Institution of Washington Expedition to China."-

CI (just above C4, same section; just below C2, same section; about 75 feet below C62, which occurs at a locality

3 miles east; about same horizon as ClO, different section; about 150 feet below C12, same section).

Middle Cambrian: Lower shale member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (part of

the third list of fossils), and fig. 10 (bed 4), p. 38], 2 miles (3.2 km.) south of Yenchuang, Sintai district,

Shantung, China (Eliot Blackwelder, 11-27-1903).

*Obolus minimus.

Obolus (Westonia) blackwelderi.

Acrotreta pacifica.

Acrotreta shantungensis?.

Protospongia chloris Walcott.

Platyceras chronus Walcott.

Hyolithes cybele Walcott.

Agnostus chinensis Dames.

Dorypyge richthofeni Dames.

Inouyia divi (Walcott).

Anomocarella albion Walcott.

Anomocarella chinensis Walcott.

Lisania agonius (Walcott).

Dolichometopus alceste Walcott?.

Dolichometopus decerto Walcott.

Dolichometopus deois Walcott.

' See the explanatory paragraphs on pp. 160-161.
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C2 (above C4, same section; just above 01, same section; about same horizon as ClO, different section). Middle

Cambrian: Lower shale member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (part of the third

list of fossils), and fig. 10 (beds 4 and 5), p. 38], 2 miles (3.2 km.) south of Yenchuang, Sintai district,

Shantung, China (Eliot Blackwelder, 11-30-1903).

Obolus (Westonia) blackwelderi.

Acrotreta pacifica.

Protospongia chloris Walcott.

Hyolithes cybele Walcott.

Orthotheca cyrene dryas Walcott.

Agnostus chinensis Dames.

Dorypyge bispinosa Walcott.

Anomocare latelimbatum Dames.

Anomocarella albion Walcott.

Anomocarella biston (Walcott).

Anomocarella chinensis Walcott.

Coosia? daunus (Walcott).

Lisania agonius (Walcott).

Dolichometopus derceto Walcott.

Dolichometopus deois Walcott.

Lonchocephalus tellus (Walcott).

C3 (about 100 feet above the horizon of 060, different section; about 175 feet below the horizon of 08, different

sections). Lower Cambrian: Lower part of the Manto shale formation [Blackwelder, 1907a, p. 28 (list of

fossils at bottom of page), and fig. 8a (bed 20), p. 28], on the southeast slope of Hulushan, 2.5 miles (4 km.)

southwest of Yenchuang, Sintai district. Shantung, China (Eliot Blackwelder, 11-30-1903).

*Billingsella richthofeni.

Stenotheca rugosa chinensis Walcott^

Hyolithes delia Walcott.

Redlichia nobilis Walcott.

Ptychoparia (Emnxrichella) constricta (Walcott.)

C4 (just below CI, same section; same horizon as 057, different section). Middle Cambrian: In limestone nodules

at the base of the lower shale member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (second list

of fossils), and fig. 10 (bed 4), p. 38], 3 miles (4.8 km.) southwest of Yenchuang, Sintai district. Shantung,

China (Eliot Blackwelder, 11-27-1903).

*Acrothele matthewi eryx.

Acrotreta pacifica.

Protospongia chloris Walcott.

Platyceras chronus Walcott.

Hyolithes cybele Walcott.

Orthotheca delphus Walcott.

Agnostus chinensis Dames.

Anomocarella albion Walcott.

Anomocarella chinensis Walcott.

Lisania alala (Walcott).

Dolichometopus alceste Walcott.

Dolichometopus deois Walcott.

C5 (about 25 feet above 08, same section; about 40 feet below 063, same section). Middle Cambrian: Lower lime-

stone member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 39 (first list of fossils), and fig. 8a

(bed 30), p. 29], 3.2 miles (5.1 km.) southwest of Yenchuang, Sintai district. Shantung, China (Eliot

Blackwelder, 11-23-1903). On the figure this bed is placed as occurring below the line dividing the Manto

from the Kiulung, but on the basis of the fauna contained in the limestone it is referred to the base of the

Kiulung. The text (p. 39) places the boundary between the Kiulung and the Manto, 15 feet below 05.

Micromitra (Iphidella) pannula ophirensis.

*Acrotreta pacifica.

Globigerina? mantoensis Walcott.

Inouyia divi (Walcott).

Anomocare butes Walcott.

Anomocare sp.

Dolichometopus sp.

C6 (about 120 feet above C12, same section; about 20 feet below 061, same section). Middle Cambrian: Thin
platy limestone in the upper shale member of the Kiulung group just below the Chaumitien limestone

[Blackwelder, 1907a, pp. 37 and 41 (second list of fossils), and fig. 10 (bed 12), p. 38], 2.5 miles (4 km.)

southwest of Yenchuang, Sintai district. Shantung, China (Eliot Blackwelder, 11-25-1903).

*Acrothele minuta.

*Obolus (Westonia) blackwelderi.

*Dicellomus parvus.

Agnostus douvillei Bergeron.

Blackwelderia sinensis (Bergeron).

Drepanura ketteleri Monke.

Drepanura premesnili Bergeron.

Ptychoparia (Emmrichella) bromus (Walcott).

Eedlichia sp. undt. Walcott.

Shantungia spinifera Walcott.

Stephanocare? monkei Walcott.

Stephanocare richthofeni Monke.

Stephanocare sinensis (Bergeron).

Stephanocare? sp. undt. Walcott.

Liostracina krausei Monke.

C7 (just above 09, same section; about same horizon as 052, different sections; about 200 feet below CIO, same

section). Middle Cambrian: Lower limestone member of the Kiulung group [Blackwelder, 1907a, pp.

37 and 39 (last list of fossils), and fig. 8a (bed 33), p. 29], 2,2 miles (3.5 km.) southwest of Yenchuang,

Sintai district. Shantung, China (Eliot Blackwelder, 11-23-1903).

Lingulella damesi.

Lingulella (Lingulepis) eros.

Inouyia abaris (Walcott).

Inouyia titiana (Walcott)

.

Agraulos dolon Walcott.

Anomocarella subrugosa (Walcott).

Anomocarella thraso (Walcott.)
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C9 (just below C7, same section; about 25 feet above C63, same section; about same horizon as C52, different sec-

tions). Middle Cambrian: Lower limestone member of the Kiulung group [Blackwelder, 1907a, pp. 37

and 39 (third list of fossils), and fig. 8a (bed 33), p. 29], 8 miles (4.8 km.) southwest of Yenchuang, Sintai

district, Shantung, China (?, 11-27-1903).

*Micromitra (Paterina) labradorica orientalis. I
Coosia decelus (Walcott).

Inouyia abaris (Walcott).
I

Anomocare minus Dames.

CIO (about 200 feet above C7, same section; about same horizon as CI, C2, and C4, different section). Middle

Cambrian: Lower shale member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (part of the third

list of fossils), and fig. 8a (bed 35), p. 29], about 3 miles (4.8 km.) southwest of Yenchuang, Sintai districti

Shantung, China (Eliot Blackwelder, 11-23-1903).

*Lingulella damesi.

Anomocarella temenus (Walcott).

Menocephalus sp. undt. Walcott.

C12 (about 120 feet below C6, same section; about 75 feet above C62, same section but at a locality 3 miles east;

C13 includes the horizon represented by C12; about 150 feet above CI, same section). Middle Cambrian:

Gray limestone near the top of the middle limestone member of the Kiulung group [Blackwelder, 1907a,

pp. 37 and 41 (part of first list of fossils), and fig. 10 (bed 7), p. 38], 3.25 miles (5.2 km.) southwest of

Yenchuang, Sintai district, Shantung, China (Eliot Blackwelder and Li San, 11-25-1903).

Acrotreta pacifica.

Inouyia acalle (Walcott).

Lisania ajax (Walcott).

Damesella blackwelderi Walcott.

Blackwelderia alastor (Walcott).

Anomocarella tutia (Walcott).

Pterocephalus asiatica Walcott.

Teinistion alcon (Walcott).

C17 (about 180 feet below C23, same section; about 35 feet above C20, adjacent sections; about 160 feet below C28,

adjacent sections). Lower Cambrian: Ferruginous limestone nodules in the brown sandy shales at the top

of the Manto shale [Blackwelder, 1907a, p. 27 (list of fossils at top of page) and fig. 6 (bed 15), p. 25], at

Changhia, Shantung, China (Eliot Blackwelder, 10-31-1903).

Obolella asiatica. I
Ptychoparia impar Walcott.

Ptychoparia aclis Walcott.
I

Ptychoparia granosa Walcott.

C20 (about 15 feet above C31, same section; about 35 feet below C17, different sections). Lower Cambrian: Central

part of the Manto shale formation [Blackwelder, 1907a, p. 26 (last list of fossils) and fig. 6 (bed 14), p. 25],

on the west side of an isolated butte 1 mile (1.6 km.) south of Changhia, Shantung, China (Eliot Black-

welder, 10-27-1903).

Billingsella richthofeni?.

Ptychoparia aclis Walcott.

Ptychoparia (Emmiichella) mantoensis (Walcott).

C22 (about same horizon as C19, C24, and C26, same section; above CIS, same section). Middle Cambrian: Chang-

hia limestone in upper oolitic portion [Blackwelder, 1907a, pp. 22 and 33 (part of last list of fossils)], at

Changhia, Shantung, China (Eliot Blackwelder, 10-29-1903).

*Acrotreta lisani.

Hyolithes cybele Walcott.

Anomocarella temenus (Walcott).

Lisania alala (Walcott).

C23 (about 180 feet above C17, same section; about 25 feet above C28, different sections). Middle Cambrian:

Upper part of thin-bedded gray oolitic limestone at the base of the Changhia formation [Blackwelder,

1907a, p. 32 (second list of fossils) and fig. 6 (bed 20), p. 25], 50 feet below the base of the cliffs 1 mile (1.6

km.) east-southeast of Changhia, Shantung, China (Eliot Blackwelder, 10-27-1903).

Lisania bura (Walcott)

.

Menocephalus admeta Walcott.

Menocephalus acantha (Walcott)

.

Acrothele rara?.

Orthotheca daulis Walcott.

Aeraulos abrota Walcott.

Anomocarella tatian (Walcott).

Ptychoparia (Emmrichella) eriopia (Walcott).

Ptychoparia (Emmrichella) theano (Walcott).

024 (about same horizon as Cl9, C22, and C26, same section; above CIS, same section; about same horizon as

C25, different section). Middle Cambrian: Near top of black oolitic group in the uppermost layers of the'

Changhia formation [Blackwelder, 1907a, p. 33 (part of last list of fossils)], 2 miles (3.2 km.) east of Changhia,

Shantung, China.

Acrotreta cf. pacifica.

Agnostus sp. undt.

Inouyia divi (Walcott).

Dolichometopus dirce Walcott.

Dorypyge richthofeni Dames.
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C26 (about same horizon as C19, C22, and C24, same section; above C18, same section). Middle Cambrian: Upper
portion of the Changhia limestone, near top of black oolitic group [Blackwelder, 1907a, p. 33 (part of

last list of fossils)], 2 miles (3.2 km.) north-northeast of Changhia, Shantung, China (Eliot Blackwelder,

10-29-1903).

Eoorthis sp. undt.

Anomocare? daulis Walcott.

Crepicephalus damia Walcott.

C28 (about 200 feet above C20, same section; about 160 feet above C17, adjacent sections; about 25 feet below C23,

different sections). Middle Cambrian: Thin-bedded oolitic limestone at the base of the Changhia lime-

stone [Blackwelder, 1907a, p. 32 (first list of fossils) and fig. 6 (bed 20), p. 25], just above the shales in the

face of the cliff 1 mile (1.6 km.) east-southeast of Changhia, Shantung, China (Eliot Blackwelder, 10-29-1903).

*Eoorthis agreste. I Inouyia thisbe Walcott.

Anomocarella tones (Walcott). Bathyuriscus.

Anomocarella toxeus (Walcott).
I

C32 (see also C32', other drift blocks at the same locality). Middle Cambrian: A fine-grained bluish-black lime-

stone bowlder believed to have come from the lower part of the Kisinling limestone [Blackwelder, 1907b,

p. 272], collected in river drift 1 mile (1.6 km.) south of Chonpinghien, on Nankiang River, southern

Shensi, China (Bailey Willis and Eliot Blackwelder, 5-28-1904).

Obolus shansiensis.

Dicellomus parvus.

Acrotreta shantungensis.

Orthotheca doris Walcott.

Microdiscus orientalis Walcott.

Aluta bergeroni (Walcott).

Aluta enyo (Walcott).

Aluta eris (Walcott).

Aluta fragilis (Walcott).

Aluta sterope (Walcott).

Aluta woodi (Walcott).

C32' (see C32, another drift block at the same locality). Lower Cambrian: A limestone bowlder collected in river

drift 1 mile (1.6 km.) south of Chonpinghien, on Nankiang River, southern Shensi, China (Bailey Willis

and Eliot Blackwelder, 5-28-1904).

*Obolella asiatica.

Hyolithes sp. undt.

C36 (about same horizon as C45, different section; about same horizon as C50, same section; above C68, same
section; about same horizon as C47, same section). Upper Cambrian: Upper part of the Chaumitien
limestone [Blackwelder, 1907a, p. 36 (part of third list of fossils), and fig. 9 (bed 2), p. 35], at Chaumitien,

Changhia district. Shantung, China (Eliot Blackwelder, 10-22-1903).

Billingsella pumpellyi.

Anomocarella baucis Walcott.

C37 (about same horizon as C72, same section; about 50 feet above C71, same section; about 200 feet below C73,

same section; about 225 feet below C74, same section). Middle Cambrian: Upper part of the Kichou lime-

stone, in dense black limestone nodules in green-gray shales 10 feet below the base of the cliff limestone,

8 miles (12.8 km.) south of Tinghianghien, Shansi, China (Eliot Blackwelder, 2-24-1904). The fossils

from this locality are not listed, but the presence of Cambrian strata at the locality is mentioned by Willis

and Blackwelder [1907, p. 146].

*Obolus shansiensis.

Acrotreta shantungensis.

Anomocare megalurua (Walcott).

C54 (same horizon as C41, C49, and C56; about same horizon as C34 and C38, different sections). Upper Cam-
brian: Lower part of Chaumitien limestone [Blackwelder, 1907a, p. 42 (part of last list of fossils)], near top
of limestone knoll 0.66 mile (1.1 km.) west of Tainan, Shantung, China (Eliot Blackwelder, 11-6-1903).

*Obolus matinalis?.

Eoorthis pagoda.

Syntrophia orthia.

Illsenm'us canens Walcott.
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Ulsenurus sp. undt.

Pterocephalia bushis Walcott.

Ptychaspis ceto Walcott.

Ptychaspis sp. undt.
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C56 (same horizon aa C41, C49, and C54). Upper Cambrian: Lower part of Chaumitien limestone 25 feet below

the top of Pagoda Hill [Blackwelder, 1907a, p. 42 (part of last list of fossils)], 1 mile (1.6 km.) west of

Tsinan, Shantung, China (Eliot Blackwelder and Li San, 11-6-1903).

*Obolus (Westonia) sp. undt. a.

*Discinopsis? sulcatus.

Acrotreta (dorsal valve resembling that of A. pacifica)

*Eoorthi3 pagoda.

*Syntrophia orthia.

Scenella sp. undt. Walcott.

Platyceras pagoda Walcott.

Straparollina circe Walcott.

Orthotheca sp. undt. Walcott.

Cyrtoceras cambria Walcott.

Menocephalus depressus Walcott.

Pagodia bia Walcott.

Pagodia lotos Walcott.

Ptychaspis ceto Walcott.

Conocephalina dryope (Walcott).

Conocephalina belus (Walcott).

Illaenurus dictys Walcott.

Hysterolenus?.

C57 (same horizon as 04, different section; below Cll, same section; above C58, same section). Middle Cambrian:

In limestone nodules in the lower shale member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 40

(first list of fossils)], 3 miles (4.8 km.) south of Kaokiapu and 4 miles (6.4 km.) north of Sintaihien, Sintai

district. Shantung, China (?, 11-21-1903).

Anomocare alcinoe Walcott.

Anomocarella albion Walcott.

Anomocarella chinensis Walcott.

Dolichometopus deois Walcott.

*Acrothele rara.

Orthotheca delphus Walcott.

Agnostus chinensis Dames.
,

Agnostus kushanensis Walcott.

Dorypyge richthofeni Dames.

C61 (about 25 feet above C6, same section; about same horizon as Cll, different section; about 125 feet below

C64, same section). Upper Cambrian: A dense black limestone in the uppermost limestone member of the

Kiulung group [Blackwelder, 1907a, pp. 37 and 41 (third list of fossils), and fig. 10 (bed 13), p. 38], 3 miles

(4.8 km.) southwest of Yenchuang, Sintai district, Shantung, China (Li San, 11-23-1903).

*Billiiigsella pumpellyi.

Ptychaspis baubo (Walcott).

Proampyx burea Walcott.

Pterocephalia busiris Walcott.

Chuangia batia Walcott.

Chuangia fragmenta Walcott.

C62 (about 75 feet above CI, which occurs at a locality 3 miles east; about 75 feet below C12 and C13, same section).

Middle Cambrian: Earthy layer in the middle limestone of the Kiulung group [Blackwelder, 1907a, pp. 37

and 40 (last list of fossils), and fig. 10 (base of bed 7), p. 38], 2.5 miles (4 km.) south of Yenchuang, on the

north-northeast spur of liulushan, Sintai district. Shantung, China (Li San, 11-29-1903).

*Obolus chinensis.
|

Hyolithes cybele Walcott.

*Acrotreta shantungensis Walcott.
[
Anomocarella chinensis Walcott.

C63 (about 40 feet above CS, same section; about 25 feet below C9, same section). Middle Cambrian: Sandy shale

near the base of the Kiulung group [Blackwelder, 1907a, p. 37 (third paragraph), and fig. 8a (bed 32), p. 29],

3.5 miles (5.6 km.) southwest of Yenchuang, Sintai district, Shantimg, China (Eliot Blackwelder, 11-27-1903).

*Obolus obscurus.

064 (about 125 feet above C61, same section). Upper Cambrian: Upper limestone member of the Kiulung group

[Blackwelder, 1907a, pp. 37 and 42 (first list of fossils), and fig. 10 (bed 20), p. 38], 2.7 miles (4.3 km.) south-

west of Yenchuang, Sintai district. Shantung, China (Eliot Blackwelder, 11-25-1903).

Ptychaspis baubo (Walcott).

Ptychaspis cacus Walcott.

Ptychaspis callisto Walcott.

Ptychaspis calyce Walcott.

Ptychaspis ceto Walcott.

Ptychaspis sp.

Chuangia batia Walcott.

Chuangia nais Walcott.

Solenoplevura beroe Walcott.

Lingulella damesi?.

*Eoorthis doris.

*Eoorthis kayseri

.

Eoorthis linnarssoni.

*Huenella orientalis.

Syntrophia orthia.

Hyolithes daphnis Walcott.

Orthotheca cyrene Walcott.

Anomocare sp.

Coosia bianos (Walcott).

C67 (supposed to be from horizon of C36, C45, C47, C50, and C68). Upper Cambrian: Stream gravels taken from

the wash from the mountains south of the city and used in making the railroad grade, 0.33 mile (0.5 km.)

west of the west city gate at Tsinan, Shantung, China (Eliot Blackwelder, 10-15-1903).

Obolus cf. matinalis.

Eoorthis cf. linnarssoni.

Ptychaspis sp. undt. Walcott.

C68 (same horizon as C47 and C50, same section; below C36, same section; about same horizon as C45, different

section). Upper Cambrian: Upper part of the Chaumitien limestone [Blackwelder, 1907a, p. 36 (part of

third list of fossils)] on crest of ridge east of Chaumitien, 200 yards north of the wayside shrine, Changhia

district, Shantung, China (Eliot Blackwelder, 10-25-1903).

Acrotreta (dorsal valve resembling that of A. pacifica).

Eoorthis kayseri.
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C70 (35 feet below C69, same section). Middle Cambrian: Oolitic limestone about 30 feet above the base of the

Kichou limestone [Willis and Blackwelder, 1907, p. 144, last list of fossils], 4 miles (6.4 km.) south-south-

west of Tungyu, Shansi, China (Eliot Blackwelder, 2-21-1904).

Obolus sp. undt.

Scenella? dilatatus Walcott

Stenotheca? simplex Walcott.

Aaraulos vicina Walcott.

Inouyia capax (Walcott).

Inouyia melie (Walcott).

Conocephalina maia (Walcott).

Conocephalina sp.

C71 (about 50 feet below the horizon of C37 and C72, same section; about 125 feet above C75, different section).

Middle Cambrian: Massive cliff-making limestone in the central portion of the Kichou formation [Willis

and Blackwelder, 1907, pp. 139 and 145 (second list of fossils)], 4 miles (6.4 km.) southwest of Tungyu,
Shansi, China (Bailey Willis and Eliot Blackwelder, 2-21-1904).

Obolus shansiensis?.

Acrotreta shantungensis.

*Yorkia? orienta,lis.

Eoorthis sp. undt.

Orthotheca glabra Walcott.

Agnostus chinensis Dames.

Dorypyge richthofeni Isevis Walcott.

Anomocarella bigsbyi (Walcott).

Anomocarella comus (Walcott).

Anomocarella undata (Walcott). -

Solenoplem-a pauperata Walcott.

Crepicephalus damia Walcott.

C72 (about same horizon as C37, same section; about 50 feet above C71, same section; about 200 feet below C73,

same section; about 225 feet below C74, same section). Middle Cambrian: Thin green-gray limestone

interbedded with ocherous and green clay shales overlying the massive oolite in the Kichou formation

[Willis and Blackwelder, 1907, pp. 139 and 145 (third list of fossils)], 4 miles (6.4 km.) east of Fanglanchon,

Shansi, China (Eliot Blackwelder, 2-22-1904).

Obolus sp. undt.

*Lingulella (Lingulepis?) sp. undt.

Platyceras willisi Walcott.

Orthotheca glabra Walcott.

Dorypyge richthofeni Isevis Walcott.

Anomocare flava Walcott.

Ptychoparia nereis Walcott.

Conocephalina sp. undt. (Walcott).

C74 (about 225 feet above the horizon of C37 and C72, same section; about 25 feet above C73, same section). Upper
Cambrian: A dense blue dolomitic limestone at the top of the Kichou limestone [Willis and Blackwelder

1907, pp. 139 and 145 (fifth list of fossils)], 4 miles (6.4 km.) east of Fanglanchon, Shansi, China (Eliot

Blackwelder, 2-22-1904).

Eoorthis kayseri.

Ptychaspis bella Walcott.

C75 (about 125 feet below C71, different sections). Middle Cambrian: Limestone near the base of the Kichou
formation [Willis and Blackwelder, 1907, p. 143], 4.5 miles (7.2 km.) south of Wutaihien, Shansi, China
(Eliot Blackwelder, 2-13-1904).

Obolus obscurus.

*Eoorthis kichouensis.

Coscinocyathus elvira Walcott.

Inouyia armatus (Walcott).

Inouyia melie (Walcott)

.

Agraulos nitida Walcott.

Agraulos uta Walcott.

Ptychoparia lilia Walcott.

ZOOLOGICAL DISCUSSION.

Tlie zoological relations of the Cambrian Brachiopoda, or their consideration from the

paleozoologist's standpoint, are discussed under four general headings: (1) Characters of the

shells, including the terminology adopted in describing them; (2) distribution in Cambrian
strata; (3) evolution; and (4) classification. Under evolution no general description of the

evolution of the Brachiopoda is attempted, nor is the life history of the living species treated.

The discussion is limited to certain observations on the Cambrian species and genera that

appear to add to our general knowledge of the subject.

TEEMINOLOGY.

GENERAL STATEMENT.

Except for the muscle scars of the inarticulate brachiopods, the terms used in the descrip-

tion of genera and species are largely those defined by Schuchert [1897, pp. 73-75]. For the

Atremata and Neotremata the terminology proposed by William King [1873, pp. 5 and 6] is

adopted, and for the Protremata that used by Hall and Clarke [1892a, pp. 183-188] and given



292 CAMBRIAN BRACHIOPODA.

under the terminology of Schuchert [1897, pp. 73-77]. I agree with Hall and Clarke [1892c.

p. 21] that the terminology of the English authors has claims for its adoption. F. Bloch-

mann [1900, p. 108] has proposed a set of terms for the muscles of the inarticulate brachiopods

that has much to commend it. The terminology of Albany Hancock [1859, p. 800] has been

extensively used by authors. The numbers in this correspond to the numbers given the termi-

nology of King, Schuchert, and Blochmann.

Terminology of Hancock [1859, p. S00\.

Inarticulates: Articulates:

1. Anterior occlusors. 1. Anterior occlusors.

2. Posterior occlusors. 2. Posterior occlusors.

3. Divaiicator. 3. Accessory divaricators.

4. Central adiustors. 4.1 ,. ^ , ,. ,

^ _ , ,. , . ^ Ventral adiustors.
5. Jixternal adjustors. 5.)

6. Posterior adjusters. 6. Dorsal adjustors.

7. Peduncular. 7. Peduncular.

Terminology of King [1873, pp. 5-6].

1. Anterior lateral. 4. Transmedians.

2. Centrals. 5. Outside laterals.

3. Umbonal. 6. Middle laterals.

Terminology of Schuchert [1897, pp. 73-75].

1. Retractors. 5. Protractors (externals).

2. Adductors. 6. Protractors (middles).

3. Pedicle. 7. Diductors.

4. Rotators.

Terminology of Blochmann [1900, p. 108].

1. Lateralis.
, 4. Obliquus internus.

2. Occlusor anterior. 5. Obliquus extemus.

3. Occlusor posterior. 6. Obliquus medius.

DEFINITIONS.

Adductor muscles {see Central muscles).—The term adductor is used in the description of

the muscles of the Protremata.

Anterior lateral {retractor) muscles.—In the Atremata these extend from the outer lateral

margins of the visceral area in the ventral valve to its anterior extremity in the dorsal valve,

and serve to readjust the dorsal shell.

Anterior region.—That portion of the shell in front of the transverse axis and opposite

the pedicle opening.

Afex.—The place of initial shell growth. It may be the most posterior portion of the

valve or it may be situated near the transverse axis.

Apical callosity.—The tliickened boss at the inner side of the apex of the ventral valve

of Acrotreta and other neotrematous genera, through which the pedicle tube or foramen passes.

Area.—See Cardinal area.

Articulate hrachiojyods.—In the orders Protremata and Telotremata the valves articulate

by means of teeth and sockets. In some Atremata rudimentary articulation is also developed.

(See p. 307.)

Atremata.—Primitive inarticulate calcareophosphatic brachiopods with the pedicle emerg-

ing more or less freely between the two valves. For a more detailed description see "Classifi-

cation of Cambrian Brachiopoda," page 321.

Bracliia.—The fleshy, coiled or spiral, ciliated appendages of brachiopods serving in

water circulation and respiration.

Bracliioccele.—All of the anterior half of the valves outside of the anterior portion of the

parietal band. (After King.)

Cardinal area.—A more or less well developed triangular area on each side of the delthy-

rium, distinctly set off from the general surface of the shell. It is best developed on the ventral
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valve of articulate brachiopods, but is also present on the dorsal valve, anci generally in a

rudimentary condition in many inarticulate species. Wlien the area is rudimentary it ia often

called a false or pseudo-area (PI. II, figs. 1 and 7a; PI. Ill, figs. 2a and 6b; PI. V, figs. Id at a;

PI. VI, figs. 1" and 3b). The area of some of the inarticulate genera is frequently divided by
a line between the delthyrium and the outer margin; in such areas the Ime is called the flexure

line, owing to the sUght interruption in the strise of growth (PI. VIII, fig. Id at f), and the

spaces separated by the flexure line are called the inner and outer lateral spaces of the area.

(See Deltidium and Foramen, and p. 303.)

Cardinal extremities.—The terminations of the hinge line.

Cardinal muscle scar.—A large scar within wliich the posterior, anterior lateral, and

transmedian muscles were attached.

Cardinal process.—A variously modified apophysis situated posteriorly at the center of

the hinge of the dorsal valve in articulate brachiopods. To it are attached the diductor

muscles, wliich by their contraction serve to open the valves anteriorly. (See p. 306.)

Cardinal slopes.—The inclined surfaces extending from the umbonal slopes to the hinge

margins.

Central {adductor) muscles.—In the Protremata and Telotremata these muscles have

their ventral insertion one on either side of the central axis, between the diductors. In

passing to the dorsal valve they divide into four, and produce m that shell the two pairs of

principal scars known as the anterior and posterior centrals. By contraction these muscles

close the shell. In the Neotremata they are the essential muscles, the anterior centrals closing

the valves, while the posterior pair serves to open the valves. In the Atremata there is a

simple j)air of centrals placed near the anterior extremity of the visceral area.

Ghilidium.—A dorsal plate, in appearance similar to the deltidium, covering the exterior

portion of the cardinal process in many Protremata. Its development does not begin until

early neanic or later growth, and it is probably secreted by the dorsal mantle lobe. In the

Atremata and Neotremata a similar plate, continuous with the dorsal cardinal region of the

shell, is named the pseudochilidium. (See p. 306.)

Crura.—Processes on the dorsal hinge plate of the Telotremata and some Protremata,

to wliich are attached the fleshy brachia and bracliidia. These usually form the inner walls

of the dental sockets, and may be supported by septal plates.

Cruralium.—The dorsal equivalent of the ventral spondylium. (See p. 309.)

Deltliyrium..—The triangular aperture transecting medially the ventral cardinal area, or

the posterior surface from the apex to the posterior margin of the ventral valve, through some
portion of which the pedicle passes. It has also been termed the fissure or foramen. The
delthyrium may or may not be closed either by a calcareous deltidium or a phosphatic pseudo-

deltidium. (See p. 305.)

Deltidium.—A plate more or less continuous with the cardinal margm of the ventral

valve and covering the delthyrium in Atremata, Neotremata, and Protremata. Wlien present in

inarticulate brachiopods it is called the pseudodeltidium. In the Protremata, in which it is

always more calcareous, thicker, and more sharply defined, it is called the deltidium or the

pseudochilidium. (See p. 305.)

Dental plates.—Vertical plates supporting the teeth of the ventral valve in articulate

brachiopods. (See p. 310.)

Dental sockets.—Excavations in the dorsal cardinal margin of articulate brachiopods, in

which the teeth of the ventral valve articulate. The inner wall of the socket is elevated and
forms the base of the crural plate.

Diductor muscles.—In the Protremata and Telotremata the pi-incipal pair of diductor

muscles has the larger end attached to the ventral valve near the anterior edge of the visceral

area, and the other end has its insertion on the anterior portion of the cardinal process. By
contraction these muscles open the valves.

Dorsal valve.—Usually the smaller and imperforate valve and the one to which the brachia

are always attached. Brachial, Tisemal, socket, and entering valves are other terms more rarely

employed.
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EpJiebic.—Designating the mature shell.

False area.—See Cardinal area.

Flexure line.—See Cardinal area.

Foramen.—A small circular passage through the deltidium, either below or at the apex of

the ventral valve. Sometimes the foramen encroaches by pedicle abrasion on the umbo of the

ventral valve. (See p. 314.)

Foraminal tube.—The pedicle opening through the ventral valve of neotrematous genera.

(See PL LVIII, fig. 5b.)

Genital marlcings.—Radial markings or pits within the posterior portion of the visceral

space, mdicating the position and extent of the genitals.

Gerontic.—Designating old age. It is indicated in the ontogeny of many species of brachio-

pods by extreme thickness of the valves, obesity, or by numerous crowded growth lines near

the anterior margin, a condition which sometimes produces truncation and absence of strise

at the margin. (See p. 315.)

Heart-sliaped cavity.—Central depressed portion of visceral area (Mickwitz). (See PI.

VII, figs. 9, 11, and 12 at x; also figs. 1, 2, and 8.)

Hinge line.—The line along which articulation takes place. Also sometimes developed

among inarticulate brachiopods.

Inarticulate brachiopods.—In the orders Atremata and Neotremata the valves do not, as

a rule, articulate by means of teeth and sockets, as is the case in the articulate orders Pro-

tremata and Telotremata.

Lateral areas.—That portion of the shell on each side of the central axis.

Listrium.—In some Neotremata a plate closing the progressive track of the pedicle opening

or pedicle cleft posterior to the apex of the ventral valve. (See p. 306.)

Longitudinal axis.—A median line tlirough the shell from the beak to the opposite margin.

Median septum.—An internal vertical plate commonly developed along the longitudinal

axis and between the muscles of the ventral valve. Sometimes there is also a dorsal median

septum. Lateral septa are rarely developed.

Middle lateral muscle scar.—See Outside and middle lateral muscles.

Neanic.—Designating youthfulness, or the stage in which specific characters begin to

develop.

Neotremata.—Circular or oval, more or less cone shaped, inarticulate calcareophosphatic

brachiopods with the pedicle opening restricted throughout life to the ventral valve. For a

more detailed description see "Classification of Cambrian Brachiopoda," page 323.

Nepionic.—Designating the smooth shell stage succeeding the protegulum.

Outside and middle lateral (protractor) muscles.—In the ObolidiB one pair has the ventral

ends fastened at the anterior extremity of the visceral area, extending backward and inserted

near the lateral margin of the dorsal valve, outside the transmedians. A second pair originates

just behind the centrals of the ventral valve and is inserted posterior to the first pair. These

muscles draw the dorsal valve forward.

Parietal band.—The point of attachment of the muscular wall surrounding the visceral

area.

Pedicle.—The fiexible muscular organ of the ventral valve by means of which brachiopods

may be attached to extraneous objects.

Pedicle furrow.—The external furrow adjoining the foramen or pedicle opening in certain

neotrematous genera. (See PI. LXXXIII, figs. 1 and 2 ; PL LXXXIV, figs. 1 and 5c.)

Pedicle groove.—The median groove on the cardmal areas of the valves, formed by the pedicle

extending through the posterior margin of the valves when they were closed.

Pedicle muscles.—In the Protremata and Telotremata one pair originates on the ventral

valve at points just outside and behind the diductors and another on the dorsal valve behind

the posterior centrals, while the opposite ends of both are attached to the pedicle. Besides these

there is an unpaired muscle lying at the base of the pedicle, attaching it closely to the ventral

valve.
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Pedicle opening.—See Delthyrium.

Pedicle tube.—See Foranunal tube.

Platform.—An internal median thickening of the shell elevating the muscles. Seen in cer-

tain families of the Atremata and more rarely in the Neotremata. (See Spondylium and pp. 307

and 309.)

Pleurocceles.—^Areas between the parietal band and the outer posterolateral margins.

(After Kmg.)
Posterior region.—That portion of the shell back of the transverse axis and toward the

beak or apex.

Protegulum.—^The initial shell of brachiopods. It is smooth and of microscopic size, in

outline being semicircular or arcuate and without cardinal areas.

Protractor muscles.—See' Outside and middle lateral muscles.

Protremata.—^Articulate calcareous brachiopods with the pedicle opening restricted to the

ventral valve throughout life or during early growth. Pedicle aperture modified by the del-

tidium. Brachia unsupported by a calcareous skeleton but nearly always by a crura of

variable length. For a more detailed description see "Classification of Cambrian Brachiop-

oda," page 325.

Pseudo-area.—See Cardinal area.

Pseudochilidium.—See Cliihdium.

Pseudocruralium.—Dorsal equivalem; of pseudospondylium.

Pseudodeltidium.—The convex medial portion continuous with the ventral cardinal areas

in Atremata and Neotremata. (See Deltidium.)

Pseudopedicle groove.—See Pedicle groove.

Pseudospondylium.—See Spondylium.

Retractor muscles.—See Anterior lateral muscles.

Septal plates.—Plates supporting the crural processes, also known as crural plates. (See p. 3 10.)

Sessile spondylium= Pseudospondylium.

Splanclmoccde.—The area within the parietal band. (After King.)

Spondylium.—^A plate in some articulate brachiopods, mainly the Pentameracea, formed

by the union of converging dental plates, to the upper surface of which are attached the adduc-

tor, diductor, and pedicle muscles. The spondylium maj^ rest upon the ventral valve or may
be supported by a median septum. The spondjdium appears to be first indicated in the artic-

ulates by a thickening of the shell of the ventral valve beneath the umbonal region so as to

form an area upon which all the muscles of the valve have their points of attachment. In

Billingsella this is beautifully illustrated by B. exporrecta (PL LXXXVIII, figs. Id, le, and 2a) and
B. plicatella (PI, LXXXVI, figs. 3i, 3k, and 3m). In its development the spondyhum is fore-

shadowed in the Atremata by the so-called platform of Elkania (PL LI, figs. 1 and la) and by the

still more primitive form in Obolus (PL VI). For the purpose of reference the rudimentary spon-

dylia attached directly to the inner surface of the valve, sls in Billingsella, laaj he called pseudo-

spondylia (sessile spondyHa, Ulrich) , and those free or supported by a septum or septa, spondylia.

In the Atremata the homologous equivalent has been known as the platform. In Obolus,

Elkania, etc., there is sometimes developed in the dorsal valve a plate similar in appearance

to the spondylium, but different in origin; this is known as the cruralium. (See p. 307.)

Teetli.—Two processes of the ventral valve of articulate brachiopods, serving for articula-

tion. (See p. 307.)

Telotremata.—Articulate Brachiopoda with the pedicle opening shared by both valves

in nepionic and early neanic stages, usually confined to one valve in later stages, and becoming
more or less modified by deltidial plates in ephebic stages. Brachia supported by calcareous

crura, loops, or spiraUa. Prodeltidium absent. (After Schuchert.)

Transmedian (rotator) muscles.—In the Obolacea these are situated posteriorly just in

advance of the umbonal muscle, two on one side and one on the other. By their contraction

the dorsal valve turns alternately, first in one direction and then in the other.

Transverse axis.—A line through the shell from right to left midway between the beak
and anterior margin. (See Longitudinal axis.)
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Trapezoidal area.—The area on each side of the heart-shaped cavity in Oholus in which the

outside and middle lateral scars and central muscle scars were attached. (See PI. VII, figs.

10 and 12.)

TJmho.—The elevated, or prominent portion of the valve anterior to the apex.

TJmbonal cavity.—The hollow space in the interior of the shell beneath the umbo.

Umbonal muscle.—A single muscle situated in the umbonal region of most Atremata. By-

its contraction the valves are opened anteriorly. In Oholus this muscle divides toward the

ventral valve.

TJmbonal slopes.—The inclined surfaces about the umbo and opposite the cardinal slopes.

Vascular (pallial) sinuses.—Two convergent or divergent primary sinuses of the circulatory

system, traversing the mantle and originating in the posterior medial region. They usually

have numerous secondary (lateral and peripheral) branches, and both often leave impressions

in the shell. (See p. 311.)

Ventral valve.—Usually the larger valve situated on the ventral side of the animal.

Among articulate brachiopods the valve is usually easily distinguished by the presence of a'

delthyrium or pedicle opening through which the pedicle is protruded. In man}^ atrematous

genera the ventral valve is not readily distinguished. When the shell is cemented to foreign

bodies it is always by the ventral valve. It is usually the larger and deeper of the two valves.

Pedicle, larger, dental, neural, and receiving valves are synonymous terms.

Visceral area.—The posterior region of the interior of the valves between the pallial sinuses

;

in general the immediate area of the median muscle tracks.

Visceral cavity.—Visceral area.

THE BEACHIOPOD SHELL.

STRUCTURE.
GENERAL, STATEMENT.

The general structural characters of the shell of the Ordovician and later brachiopods have

been so fully described by authors that it does not appear to be necessary or desirable to repeat

them. The student will find a full description given by Hall and Clarke in their "Introduction

to the study of the Brachiopoda" [1892a, pp. 150-225].

Some of the more important works that contain data on the structure of the shell are those

of Hancock," King,* Carpenter,"" Davidson,'' and IMickwitz.'

The greater proportion of the Cambrian brachiopods are largely corneous or chitinous.

These are restricted to the inarticulates, but the inarticulates of the Cambrian do not all pos-

sess corneous shells. Mickwitz has shown [1896, pp. 102-142] that the shells of Oholus and its

subgenera are essentially the same as those of Lingula in composition and structure. In both

the shells are composed of successive calcareous and corneous lamellae that vary in thickness

and structure. The calcareous lamella; are prismatic and crossed by minute tubules; the

corneous lamellae are compact and imperforate.-

Hall and Clarke [1892a, p. 175], in speaking of the shells of the articulate brachiopods, say:

Among the articulate genera, under favorable preservation, there may be distinguished three distinct calcareous

shell layers; an inner prismatic or fibrous layer, -which constitutes the greater portion of the shell; above this is a thin

lamellar layer, and the outer surface of the shell is covered by a tenuous epidermal film or periostracum. When the

shell is punctate the tubules open on the inner surface in narro-w apertures, -whence they widen up-ward, abruptly

expanding in the lamellar layer, at -whose upper margin they terminate. They do not pierce the periostracum.

a Hancock, A., On the organization of the Brachiopoda, 1859, pp. 791-869.

b King, W., On some characters of Liti^ula anatina, 1873, pp. 1-17.

^- Carpenter, W. B., On the intimate structure of the shells of Brachiopoda, 1853, pp. 23-45.

"i Davidson, T., On the classiflcation of the Brachiopoda, 1853, pp. 41-136.

« Mickwitz, A., Ueber die Brachiopodengattung Oholus, 1896.
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Among the calcareous, inarticulate brachiopods the shell of the Cambrian genus Oholella

shows a dense, compact, slightly lamellated structure made up of a granular groundmass pierced

by extremely small tubules or pores. The substance of the shells of Rustella and Yorkia is

unknown, but from the character of the casts and the fact that the corneous shells of ilicromitra

in the same matrix are preserved it is probable that it was calcareous. The shells of Queiecia,

Trematoholus, and Dearhomia are also calcareous.

In Kutorgina and ScJiuchertina, forms that may be referred to either articulate or inarticu-

late genera, the shells appear to be calcareous, compact, and without fibrous structure.

Hall and Clarke, when speaking [1892a, p. 174] of the composition of the shell of the fossil

linguloids, say:

In the group of fossil linguloids, beginning with Lingula, passing through Lingulops and Lingulasma to Trimerella

and its allies, there is a regular increase in the relative amount of calcareous matter in the shell, so that the Trimerellas,

which are large and ponderous shells, seem to have wholly lost their corneous matter.

The predominance of corneous or calcareous shell matter does not appear to be of more
than generic importance in the classification of the brachiopods. It is true that the known
articulate genera are all calcareous, but it is equally true that among the inarticulate group calca-

reous shells occur. Alteration, replacement, and removal of original shell substance have changed

the shell of so many species that other characters must be depended on for classification.

IdCROSCOPIC STRTJCTTJRE.

In previous work on the Cambrian Brachiopoda, except in the cases above cited, practically

no attention was paid to the microscopic shell structure. The importance of this feature in

the classification of later species suggested the possible value of a microscopic study of the

earlier forms, and at my request Mr. E. O. Ulrich and Mr. R. S. Bassler prepared thin sections

and also assisted in the preparation of figures 1-15 (pp. 298 and 299) and in the preliminary

study of the sections.

The preparation of thin sections of these early brachiopods is accompanied with difficulties

which, together with the lack of sufficiently extensive collections, have undoubtedly prevented

previous study along the same line. Specimens suitable for sectioning, especiallj^ of the cal-

careous forms, are not at all common, and when they do occur they are almost invariably buried

in the rock and are so thin that the parting of the inclosmg matrix does not leave sufficient

shell substance for the preparation of sections. In the present work the specific identity of a

shell was first determined by uncovering about one-half the valve, and the other half, still

embedded in the matrix, was then used in making the section. The structural features are often

restricted to individual lamellae and the right zone for microscopic examination was deter-

mined simply by close observation as grinding proceeded. Both vertical and tangential sec-

tions were prepared, the former cuttmg the shell at right angles and the latter cutting the shell

in planes more or less parallel to the layers or lamellfe of which it is composed. The most inter-

esting results were obtained from the tangential sections, as the thin shells showed little decided

structure in vertical sections.
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Description offigures l-lSafi

Billingsella plicatella Walcott [1905a, p. 240]:

Figure 1.—Diagrammatic sketch of a small portion of a tangential section, X 200. The granular groundmass,

with small pores and tubules 4 or 5 times their own diameter distant from each other, is also typical of

other members of the BilUngselUdee. Upper Cambrian, Gallatin Valley, Montana.

Dalmanella subequata (Conrad) [1843, p. 333]:

Figure 2.—Photograph of a tangential section, X 35, showing the fibrous structure and comparatively large pores.

Ordovician, St. Paul, Minnesota.

Kutorgina dngulata (Billings) [1861b, p. 8]:

Figure 3.—A small portion of the tangential section shown in fig. 8, X 200. The minute structure of this and
the following species is essentially the same as that shown in fig. 5, the only difference being the closer

arrangement of the pores. Lower Cambrian, Swanton, Vermont.

Obolus apollinis Eichwald [1829, p. 274]:

Figure 4,—Small portion of tangential section, X 200. The minutely porous granular structure is beautifully

shown in this species, in which the pores are arranged more closely than in any other observed. Upper
Cambrian, Obolus sandstone, Esthonia, Russia.

Billingsella coloradoensis (Shumard) [1860, p. 627]:

Figure 5.—Photograph of horizontal thin section enlarged fifty diameters. This shows the characteristic granular

gi'oundmass of the Cambrian BillingselLidse. Upper Cambrian, Morgan Creek, Burnet County, Texas.

Nisusiafestinata (Billings) [1861b, p. 10]:

Figure 6.—Photograph of horizontal thin section enlarged fifty diameters. This section shows a granular ground-

mass in which faint indications of small pores or tubules may be seen with a high power. Lower Cambrian,

2 miles east of Swanton, Vermont.

Eoorihis remnicha (N. H. Winchell) [1886, p. 317]:

Figure 7.—Photograph of horizontal thin section enlarged fifty diameters. This section shows the same type of

groundmass as that illustrated by fig. 6. Upper Cambrian, Cold Creek Canyon, Burnet County, Texas.

Kutorgina dngulata (Billings) [1861b, p. 8]:

Figure 8.—Photograph of horizontal thin section showing granular shell substance. There are few slight indi-

cations of pores. Lower Cambrian, Swanton, Vermont.

DaVmanella multisecta (Meek) [1873, p. 112]:

Figure 9.—Horizontal thin section enlarged fifty diameters. This shows the fibrous structure of the shell pene-

trated by numerous fine tubules. Ordovician, Eden shale, Cincinnati, Ohio.

Dalmanella parva (de Vemeuil) [1845, p. 188]:

Figure 10.—Horizontal thin section showing fibrous structure; also section of the tubules that penetrate through

the shell. Middle Ordovician of Russia.

SyntropUa lateralis (\Vhitfield) [1886, p. 303]:

Figure 11.—Horizontal thin section enlarged fifty diameters, showing the arrangement of the pores in lines that

radiate from the apex toward the margin. Lower Ordtivician, Beekmantown, Fort Cassin, Vermont.

Plectorthis plicatella (Hall) [1847, p. 122]:

Figure 12.—Horizontal thin section enlai'ged fifty diameters. This section shows the fibrous structure so

characteristic of the Ordovician orthoids. Ordovician "Lowaine shaly limestone," Cincinnati, Ohio.

Huenella abnormis (Walcott) [1905, p. 289]:

Figure 13.—Horizontal thin section enlarged fifty diameters. The pores in this genus are smaller than in

Syntrophia, but their arrangement is essentially the same and shows the line effect characteristic of the

Pentameracea. Upper Cambrian, Gallatin Valley, Montana.

Obolella crassa (Hall) [1847, p. 290]:

Figure 14.—Horizontal thin section enlarged fifty diameters. This shows.the fine granular groundmass, with an

indication in the upper left side of the section that a surface ornamentation has been cut across. Lower
Cambrian, Bic, Canada.

Obolus apollinis Eichwald [1829, p. 274]:

Figures 15 and 15a.—Transverse vertical thin sections enlarged so as to show the lamellse and the presence of a

large tubule that appears to have more or less imperfectly penetrated through the shell. Upper
Cambrian, Obolus sandstone, Russia.

a Figs. 1-4 are copied from figs. 2-5 on p. 151 of a preliminary paper on the classiiication of the Cambrian Brachiopoda [Walcott, 1908e]. Figs.

5-15 and 15a are copied Irom figs. 1-12, PI. XII, of the same paper.
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The general resemblance of the Cambrian eoorthoids to certain Ordovician Protremata is

so striking and the lines of descent so suggestive that particular attention was devoted to this

o-roup. Examination, however, brought out the fact that this apparent relationship disappears

when the shell structure of the two groups is compared.

Sections of the shells of members of the Billingsellidse, of which figure 1 is typical, all show

a lamellar structure with indications of more or less numerous, scattered, very minute pores or

tubules passing without interruption through one lamella. In some sections the spots mdicating

the tubules are arranged in rows radiating from the beak of the shell to the margins, but no other

regular arrangement can be seen. The great mass of the shell is made up of a compact, finely

granular base with dark spots and occasional minute crystals of calcite, a groundmass which,

under the microscope, appears very much like that of a fine argillaceous shale.

The Ordovician Protremata have a clearer, more crj'stalline aspect or color than the Cam-

brian Billingsellidse, a difference which probably indicates either a purer lime composition for

the former or more probably a higher percentage of calcium phosphate for the latter. In

chemical aspect the shells of the Billingsellidse appear to resemble those of the Atremata and

Neotremata more closely than do the Orthidas. (Compare figs. 1, 3, and 4 with 2.)

Anatyses of the respective shells would be necessary to prove these relations, but they are

interesting subjects for investigation in view of the possible derivation of the Billingsellidge from

the Atremata.

In the Cambrian articulate genera, with the possible exception of Syntrophia and Huenella,

the mmute, fibrous structure so characteristic of most if not all orthoids is entirely absent.

(Compare figs. 1 and 2.) SyntropTiia and Huenella, however, greatly resemble each other.

Thus sections of the shell of Huenella ainormis of the Upper Cambrian (fig. 13) and SyntropMa

lateralis of the I^ower Ordovician (fig. 11) show the same radial arrangement of the pores seen

in the Billingsellidse, but the shell structure is fibrous and the rows are coincident in direction

with the fibers. On closer study this apparently fibrous structure can be resolved into more or

less parallel bands or walls of shell substance separating rows of closely arranged, rectangular,

porelike spaces. These spaces may be seen distinctly in thick sections, but they disappear when

the section is made sufficiently thin to give a clear image under very high power. Sections of

the linguloid genera were also prepared and studied, but the thinness of the shells and their

phosphatic character prevented very satisfactory results. The irregular large tubules men-

tioned by Mickwitz [1896, p. 106] are beautifully shown in sections of Oholus apollinis before me.

Some of the tubules penetrate several lamellse of the shell and suggest the tubules of some

of the orthoids. (See figs. 15 and 15a.) The same general structure, with the exception of

the larger tubules, appears to be characteristic of all of the corneous shells of the Atremata and

Neotremata, and, so far as knoA\m to me, of all of the Cambrian corneous shells.

Figures 5-14 are from photographs which have not been retouched, so that personal equa-

tion maj^ be eliminated. Unfortunate^, higher magnifications could not be used without a loss of

clearness, but even at the present magnification these views show decided differences in structure.

In conclusion, it appears that the Cambrian Billingsellidse are further removed from the

Ordovician and later Protremata than has hitherto been suspected, the microscopic sheh struc-

ture in the former being of granular material pierced by small pores and in the latter of fibrous

material. On the other hand, the microscopic structure of the Cambrian and later Pentameracea

is so similar that an unbroken line of descent is indicated.

SURFACE ORNAMENTATION.

GENERAL STATEMENT.

The known protegulum of all brachiopods is smooth, and the shells have usually advanced

well into the nepionic stage of growth before the outer surface is ornamented to any considerable

degree. Many species of Cambrian inarticulate brachiopods (especially the Obolacea) remain

smooth through all stages of growth, with the exception of lines and varices of growth. Many of

them, however, have some form of ornamentation, and some of the most ornate types of surface,
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such as that of Micromitra {IpUdeUa) fannula (PL IV) and Botsfordia cselata (PI. LIX), were

fully developed in Lower Cambrian time.

I have given much attention to the question of the value of surface ornamentation for the

purposes of systematic classification among the Cambrian brachiopods, and have concluded

that only in cases where a distinctive surface is persistent for a considerable period can it be

considered of more than specific value. In one instance I have given the type of surface found

on Oholus (Westonia) aurora (PL XLVI, fig. Ih) a subgeneric value, but its wide range of varia-

tion makes me doubtful of its utility.

ATREMATA.

So far as known, the outer surface of Rusiella, the most primitive type of brachiopod known

(PL I, figs. 1, la-e), is marked only by concentric growth lines. Among other genera referred to

the PaterinidjB, VoIbortUa (PL I, figs. 6, 6a-e) has only concentric growth lines on the outer

surface, although it has numerous radiating lines on the inner laminations of the shell. On

the outer surface in the genera MicJcioitzia (PL VI) and Helmersenia (PL LXIII, figs. 7, 7a, and

7e) are found concentric and radiating lines and small tubercles (apparently rudimentary

spines) that are ornamental in their arrangement and effect, but it is in Micromitra that the

greatest variety and most .liighly ornamented surfaces appear. Species that have a simple type

of surface, marked only by concentric fines of growth, are grouped under the subgenus Paterina

(PL II), while those having an ornate surface (PL IV) are included in the subgenus Iphidella.

Transition forms, intermediate in surface ornamentation between the two extreme types, are

referred to Micromitra, since the type species, M. sculptilis, has this intermediate form of

surface. The species Micromitra {Paterina) pealei (PL III, figs. 3, 3a-e) approaches closely to

Micromitra sculptilis (PL III, figs. 5, 5a, and 5e) but is not quite so highly ornamented. Micro-

mitra (Iphidella) pannula and its varieties (PL IV) have a liighly ornate surface, and the species

has both wide geographic distribution and stratigraphic range. It is abundant in the Middle

Cambrian and it also occurs in the upper portion of the Lower Cambrian section in Nevada.

The oldest known brachiopod from British Columbia, Micromitra {IpMdella) louise, which

occurs 3,090 feet down in the Lower Cambrian terrane, has an ornamented surface much like

that of M. (7.) nyssa (PL III, fig. 9), wliich occurs at the smnmit of the Lower Cambrian in the

same stratigraphic section.

None of the Obohdse of the Lower Cambrian is known to have an ornamented surface, but

in the Middle Cambrian many species show, in addition to the concentric strise and lines of

growth and the radiating stride and ridges, a variously pitted and granulated surface primarily

formed by the crossing of the radiating and concentric ridges by oblique undulating ridges.

What I have called the Westonia type of surface (Pis. XLVI and XLVII) is the most

common. A variety of this type where the fines are transverse is more rarely seen (PL XLIX,
fig. If and Ig). The Westonia surface is not confined to Oholus (Westonia), as it occurs among the

Neotremata in the genera Obolella (Glyptias), Botsfordia, Acrothele, Acrotreta, and AcroiJiyra.

(See description of OhoJus (Westonia), p. 450.) It is also present on Ordovician and later brachio-

pods and it is known on Lucinia divaricator and other pelecypods. [See Winchell and Schuchert,

1895, pp. 345-346.]

In Oholus (Acritis) (PL XIII, fig. 3) the irregular, undulating, and more or less inosculating

concentric ridges suggest one of the rudimentary characters of some types of the Westonia surface,

but their origin was probably different. The surface oi Lingula cincta Barrande [1879b, PL CV,

figs. lA, 2A, and 2f], from Etage E (Ordovician), is much like that of Oholus (Acritis) anti-

quissimus, but it is probably an illustration of the persistence of a form of surface sculpture

through several geologic formations and a corresponding period of time.

The surface of Lingula eximia Barrande [1879b, PL CV, block 1] is highly ornate. The
figure is introduced on Plate XXXII, fig. 3, as a possible type that may be found to have existed

in late Cambrian time. Oholus (Miclcmtzella) siluricus (PL XV, figs, lb and Ic) has fine crenula-

tions on the front side of certain concentric ridges, a type of ornamentation that is unknown
among the Cambrian brachiopods except in this one Upper Cambrian species.
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The presence of spines in inarticulate genera is of rare occurrence. The oldest known
indication of their presence in other families than the Paterinidse is on Bicia gemma (PL L, fig. la)

and Nisusia festinata (PI. C, fig. 1 ) of the Lower Cambrian. The Middle Cambrian Nisusia

alberta (PI. C, fig. 3c) has a series of strong spines, and, in the Upper Cambrian, Acrotreta spinosa

(PL LXXIX, figs. 4a, 4b, and 4g), Schizamhon (PL LXXXIV, figs. Id and 3a), and HelTuersenia

ladogensis (PL LXIII, fig. 7e) appear to have had a spinose surface.

NEOTBEMATA.

OholeUa (Pis. LIV and LV) has, so far as known to me, only concentric lines and ridges of

growth, but the surface of Botsfordia is usually quite ornate. The granular type is best shown
by B. granulata (PL LVII, fig. 4r) and B. cselata (PL LIX, figs. Ih and lo), and the pitted or

reticulated type, formed by the crossing of obliquely concentric ridges, by B. pulcTira (PL LXII,
figs. 5, 5a-f, and 5k). Botsfordia? iarrandei (PL LVII, figs. 7, 7a, and 7b) appears to have

a smooth surface or one marked only by concentric growth lines.

Trernatobolus of the Siphonotretidse is like OholeUa in having a plain surface, but in YorJcia

orientalis (PL LXXXII, fig. 3a) the surface is of the reticulated tj^pe and resembles that of

Micromitra {Iphidella) pannula of the Atremata. SipJionotreta has a finely granulated surface

(PL LXXXI, figs. 6 and 6a), also a pustulose surface (PL LXXXI, figs. 5 and 5a). The latter

type is found in the Atremata in Mickwitzia (PL VI, fig. 2) and the granulated surface is present

in Botsfordia (PL LVII, fig. 4r) of the ObolellidEe. The surface of Schizamhon (PL LXXXIV,
figs. Id and 3a) differs from all other genera of the Neotremata exceut Acrotreta (PL LXXIX.
fig. 4g) in being spinose.

The surface of Acrotliele varies in almost the same manner as that of Micromitra. Species

occur with only concentric growth lines, as in Acrotliele suhsidua (PL LX, figs. Ic, Id, and li),

or the same species may have a few radiating ridges (PL LX, figs, la, lb, and 8). The radiating

ridges may be characteristic of some forms of the adult shells of the species, as in ^. matthewi

multicostata (PL LXI, figs. 5, 5a-c). In addition to these, there may be an irregvilar more or less

inosculating series of fine concentric ridges, as in A. avia (PL LXII, fig. Ij); a finely granular

surface, as in A. coriacea (PL LVI, fig. Ig) ; a more distinctly and strongly granular surface, as in

A. {Bedlichella) granulata (PL LVI, fig. 2g) or A. prima costata (PL LXI, fig. 4d). A pitted

surface is sometimes formed by the crossing of obliquely concentric narrow ridges, as in ^. &eZZa-

punctata (PL LVII, fig. 3b).

Only a few species of Acrotreta have more than the smooth surface with concentric lines.

I was greatly surprised when I found a shell shomng a spinose surface, A. spinosa (PL LXXIX,
figs. 4a, 4b, and 4g), and again when I found a reticulated surface, AJ cancellaia (PL LXXIX,
fig. 5a). Both species are from the fauna of the Cordilleran sea; A. spinosa developed in late

Cambrian time and AJ canceUata in early Ordovician time. The closely related genus

AcrotJiyra has a very fine Westonia type of surface (PL XLVII) that can be seen only with the

aid of a strong lens.
PBOTREMATA.

The ornamentation of the surface of the sheUs of Protremata is usually in the form of

radiating striae, lines, and ridges of varjnng size and number, with concentric lines and ridges

of growth. The radiating striae, lines, and incipient ridges or plications are usually first seen on

the inner laminations of the shell, and often this occurs in species that do not show it on the

outer surface of the shell. This is beautifully shown in the atrematous genera Mickwitzia

(PL VI, figs. Ik and 1 1), Oholus (PL VIII, figs, li and 2; PL X, figs. 2 and 2e), Oholus {Westonia)

(PL XII, figs. 7 and 7c; PL XLVII, figs, la, Ig, and Im), Oholus (JLinguloholus) (PL XVI, figs. 1,

lb, 2c, 2f, 2h, and 2i), Lingulella (PL XVII, fig.ll; PL XXXI, figs. 6e and 6g; PL XXXVIII,
figs. 2d and 2f), Lingulella {Lingulepis) (PL XLI, figs, la-c, If-h, and Ij-m), and Dicellomus

(PL LII, figs. 2c and 2h; PL LIII, figs, lb, Ic, 2, 2a, 4a, 4d, and 4e). In Bicia gemma (PL L) the

radiating lines and ridges occur on both the interior and exterior surfaces, and there are also

elongated tubercles that suggest fine spines. In Kutgrgina granulata (PL V, figs. 5b and 5c)
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they are strong on the inner surface and less marked on the outer surface. Other species of

Kutorgina (PI. V) have a smooth, or only concentrically lined, surface. Schuchertina camhria

(PI. LI, figs. 6, 6a-m) has a fine series of internal radiating striae and ridges, but the exterior

surface is without them.

Among the Protremata the radiating ridges are present in most genera, although some

species of a genus may not have them. In the Billingsellinse a few species with smooth shells

occur (PI. LXXXVII, figs. 1, la-e, 7, 7a, 5, and 5a), but the greater number have both interior

and exterior radiating ridges (Pis. LXXXVII-XC). Among the Nisusiinse and EoorthiuEe

all the species show more or less of external radiating lines and ridges; sometimes the young

shells are nearly smooth (PI. XCVIII, figs. If, 2b, and 5), but this in most cases is at a very

young stage of growth. The Syntrophiidse show variation from the smooth adult shells of

Syntrophia calcifera (PI. CIV, figs. 1, la-i) to the strongly costate shells of Huenella texana

(PI. CHI, fig. le). Swantonia (PI. CIV, figs. 5 and 6) has numerous radiating costse.

INTERLOCKING PLICATIONS.

Interlocking of the margins of the valves began as soon as plications or ribs first appeared

on the shell. The wide variation in size and number in the same species (PI. CHI, figs. 1, la-g)

indicates that this character is, like that of surface ornamentation, of little more than specific

value. In the description of the surface ornamentation of the Protremata (p. 302) reference

is made to the order of appearance and the character of the ridges or plications among the

Cambrian brachiopods.
CARDINAL AREA.

ATBEMATA.

In the protegulum stage of the atrematous shells the posterior margins of the valve are

not bent regularly inward toward each other and there are no indications on the surface of a

cardinal area. There is a simple cleft, the length of which is dependent on the degree of round-

ing of the posterior margins. Among the genera and species referred to the order Atremata,

the pseudodeltidium of Rustella edsoni (PL I, figs, lb, Ic, le) is extremely rudimentary, if devel-

oped at all, and there is no trace of a thickened cardinal surface. The pedicle appears to have
impressed itself on the shell to the extent of making a shallow furrow on the posterior inner

margin of the rather thick shell of the two valves. In MicJcmtzia monilifera (PI. VI, fig. 1")

the pressure and movement of the pedicle against the vertical cardinal margin during the

growth of the shell have had the eff'ect of bulging it outward so as to produce a pseudodeltid-

ium, but on neither of the valves is there a trace of a cardinal thickening. In Helmersenia lado-

gensis (PI. LXIII, fig. 7d) a pseudodeltidium similar to that in Mickwitzia occurs on the ventral

valve, and here also there is only a thickening of the posterior margin and not a true cardinal

area. In the genus Micromitra the mechanical influence of the pressure of the pedicle on the

ventralvalve is muchmore pronounced; in Micromitra (Paterina) hella (PI. II, figs, la and lb) the

pseudodeltidium is more clearly defined than in Mickwitzia or Helmersenia, and the concave
arch of the cardinal margin for the protrusion of the pedicle is greater. In Micromitra {Paterina)

superha (PI. II, fig. 7) the excavation of the pseudodeltidium has increased, and in Micromitra

(Paterina) logani (PI. II, fig. 6b) and Micromitra (Iphidella) pannula (PI. IV, figs. Id, 2a",

and 2b') the pseudodeltidium has been excavated to such an extent that there is nearly an
open delthj^rium. This difi"erence in delthyrial openings must be due to variation in the thickness

of the pedicle. Attention is called to the pseudodeltidium shown in figure 2a", Plate IV, where
the tripartite, longitudinal division recalls the pseudodeltidium of Acrotreta nicholsoni (PI.

LXXIII, figs. Ig and Ih). So far as known to me, no true cardinal area is present in any species

of the Paterinidse, though there may be a more or less marked thickening or bulging of the

posterior margin of the valves to form a pseudodeltidium.

In the OboHdse the vertical cardinal area is present in all known species, but in varying
degree of development. It is shghtly shown in Delgadella (PL XXIX, figs. 5, 5a, and 5b) and
well defined in Oholus ]}rindlei (PL XXVII, figs. 3a, 3b, 3c, and Be), Lingulella granvillensis
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(PI. XXII, figs. 1 and lb), Lingulella nathorsti (PL XXXI, figs. 1 and la), and lAngulella schu-

cJierti (PI. XXI, fig. 6), all of which are from the Lower Cambrian. Lingulella schucherti is

probably the oldest known, species, unless it be Delgadella lusitanica. In Dicellomus the cardinal

area of the ventral valve (PI. LII, figs. Ic and Id) is not unlike that of Oholus, except that short,

teeth (PI. LII, fig. Id) appear to have been developed, and that on the cardinal area of the

dorsal valve (PI. LII, fig. li) there is a socket-like groove on each side for the reception of the

projection in the ventral valve. On other specimens of the area of the dorsal valve there

are many minor depressions or crenulations (PL LII, fig. Ij), but no defined groove or socket.

On the dorsal valve of another species the cardinal area (PL LIII, fig. 1) is not unlike that of

the dorsal valve of Oholus. There is considerable variation in the details of form and size of the

vertical cardinal areas of the various species of Oholus, its subgenera, and Lingulella, but it is

all witliin the typical Obolus-like cardiaal area as seen in Oholus apollinis (PL VII). A curious

individual developnaent or extension of the area is shown in some specimens of Oholus namouna

(PL VIII, fig. 2a) and 0. rhea (PL IX, fig. 1), where the posterior margin of the mantle appears

to have been drawn farther forward inwardly and a thin deposit of shell made, so as to carry

the front margin ,of the cardinal area far in advance of its usual position in the species of the

genus. On^icia, one of the oldest genera (PL L), the area is as strongly defined as it is in

Oholus and its subgenera, and teeth or articulate processes are suggested. In Elkania (PL LI,

figs. 1 and la) the cardinal area so merges into the thickened platform that it is not readily

separable from it- I have referred to this as the internal cardinal area, or the area that is

inclined inward from the plane of the margins of the valves and united by shell deposit to the

interior of the shell. In Neoholus the internal cardinal area of the dorsal valve extends forward

as a semicircular shelf (PL I, fig. 4b). It is a modified cardinal area on the plane of the ma^ipins

of the valves, but in the adult it does not extend over the rounded posterior margin of the valve.

The area of the ventral valve is unknown, but from the presence of an open delthyrium (PL I,

fig. 4') it is not probable that a well-defined cardinal area exists.

In the dorsal valve of Lingulella granvillensis (PL XXII, fig. Id), Lingulella helena (PL XXIV,
fig. 3c), Oholus (Westonia) euglyphus (PL XLVIII, fig. le) there is a strong undercut or opening

beneath the area adjoining the pedicle furrow. This also occurs in the ventral valve of the

last-mentioned species (PL XLVIII, figs. Ic and Id) and in many species of Oholus and its sub-

genera and in Lingulella. In other species the area may be thickened so as practically to

close up the space between it and the inside of the valve (PL VII)

.

In Eutorgina (PL V) the cardinal areas are in a very rudimentary condition, and com-

parable with the rudimentary cardinal areas of Micromitra (Pis. II, III, and IV). The general

form and structure of Kutorgina, taken in- connection with the rudimentary cardinal areas

beneath the beaks of the valve, give the areas a significance that those of Micromitra do not

possess. It is highly probable that a number of intermediate forms, in which the cardinal

areas gradually obtained their more mature character, were developed between the type from

which Kutorgina was derived and Nisusia and Billingsella, but nothing is known of such inter-

mediate forms in the Lower Cambrian. Schuchertina (PL LI, figs. 6, 6a-m) appears to have

been descendant from some atrematous type that may also have been the ancestral stock of

Kutorgina and the forms that passed into Nisusia and Billingsella. Schuchertina is a primitive

protrematous genus still preserving strong atrematous characters—or vice versa, according to

one's point of view.
NEOTBEMATA.

The cardinal areas of the valves of Oholella (Pis. LIV and LV) of the Lower Cambrian are

essentially the same in appearance as those of Oholus, except that they are not usually so strongly

developed. They may also be compared with the cardinal areas of Bicia (PL L), especially

the projections on the inner angle adjoining the pedicle furrow. The narrow, thickened cardi-

nal margin in the ventral valve of Oholella does not clearty show from the interior view, although

such specimens as that illustrated on Plate LIV, figure 2h, indicate that the area is not so promi-

nent as in the ancestral form. Tliis is more clearly shown on Plate LIV, figure 2g. In
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Botsfordia cselata (PI. LIX, figs, le, If, and Ik) the cardinal areas are present but subordinate

as compared with the areas of Oholella. They are still less in evidence in Botsfordia granulata

(PL LVII, figs. 4g-m) and Botsfordia pulchra (PI. LXII, figs. 5g-j). In Neoholus (PI. LXXXI,
figs. 2e-h) the reduction of the cardinal areas has progressed until they are no longer a marked
feature of either valve. In Trematoiolus (PI. LXXXIII and PL LXXXIV, figs. 5a and 5b) the

development, of the pedicle tube is much more advanced than in Oholella, but the cardinal areas

are here again a prominent feature; they are less clearly defined in Yorlcia (PL LXXXII,
figs, le-h), in which the pseudodeltidium of the ventral valve is developed (PL LXXXII,
figs. Ib-c). In other forms of the Siphonotretidse the cardinal areas as developed in the

Obolidje are not seen in the adult stages of growth.

It is interesting to note that the vertical thickened cardinal area is present in the oldest

known bracliiopod, Trematoiolus excelsis (PL LXXXII, fig. 8), wliich occurs stratigrapliically

lower down in the Lower Cambrian of North America than any other species of bracliiopod

known to me. Linnarssonella, with its low false area and stronglj'' marked interior of its valves,

has also a well-defined cardinal area in some species {L. modesta, PL LXXVIII, fig. 8e;

L. girtyi, PL LXXIX, figs. 1 1, Im, and Ir), in tliis feature suggesting that it is more primitive

than either Acrotreta or Acroihele. Queiecia is a very ancient form, but so far as known it

passed in the adult beyond the stage of having a vertical cardinal area. Notloing is known
of the interior of Discinolepis of the Middle Cambrian, but in the dorsal valve of Keyserlingia

the tliickened cardinal area is a well-developed feature (PL LXXXI, fig. 4e). Acrotreta occa-

sionally shows a vertical cardinal area in the dorsal valve (A. deflnita, PL LXIV, fig. 2d; A.
Icutorgai, PL LXV, figs. 3h-j ; A. curvata, PL LXVIII, figs. Ik and 1 1; J.. ojMrensis, PL LXXIV,
fig. If; A. ophirensis descendens, PL LXXVIII, fig. Ic; and A. marjumensis, PL LXXVIII,
fig. 2c). Other examples doubtless occur, but it appears that in both Acrotreta and Acrothyra

the vertical cardinal areas are absent or so reduced as no longer to be a generic character; the

same is to an even greater degree true of Acroihele. Acrothele bellula (PL LVIII, figs. 5c-h) has a

defined cardinal area in the dorsal valve and a trace of one on the ventral valve; otherwise,

only the false external area back of the pedicle opening is known to me among the species of

Acrothele, its subgenus Redlichella, or Schizopholis. Nothing is known of a thickened vertical

cardinal area in Orhiculoidea or Philhedra.

PROTREMATA.

Two of the earliest forms of the Protremata (Billingselld (PL LXXXV) and Nisusia (PL O)
both have a clearly defined cardinal area on the ventral valve, divided by a delthyrium that is

more or less completely covered by a deltidium. These characters appear to be developed in

the same manner as in the Inarticulata; in other words, they are the result of holoperipheral

growth and pedicle pressure bulging the median region of the cardinal area. No deltidial

plates are known in the BillingsellidEe. So far as known Otusia has an open delthyrium. The
cardinal area of Wynnia (PL LXXXIX, fig. 4b) has a large, open delthyrium, with no trace

of a deltidium in any of the four specimens from India. The figure shows a bit of shell at the

top of the delthyrium, but this is not in place. The identification of the subfamily Eafinesquinse

by Eostrophomena is of doubtful value (PL XCV, figs. 6, 6a-b) and notiling is known of the

area of the ventral valve. Eoorthis (PL XCI),- Orusia (PL XCVIII), and Finkelnburgia

(PL XCIII) have an open delthyrium in the ventral valve. The cardinal area of Swantonia
(PL CIV, figs. 5 and 6) is unknown. Huenella has a clearly defined area on both valves and an
open delthyrium (PL CHI, figs. Ic, 2g, 2i, and 3").

BELTHYRIUM AND DELTIDIUM.

The development of the delthyrium from the simple Rustella stage, where it is scarcely

more than a broad opening between the valves, to the definite form in the higher types of the

Protremata, where it is either open or more or less closed by a deltidium, has been outlined in

62667°—VOL 51, pt 1—12 20
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connection with the notes on the cardinal areas. The evohition in the Atremata, Neotremata,

and Protremata has been in the same direction, ranging from the open-fissured protegulum

stage in pre-Cambrian time to the fully developed, clearly defiined, subtriangular, usually

convex pseudodelthyrium and deltidium. In Acrotreta Tcutorgai the cardinal area and deltid-

ium of the dorsal valve are well defined (PI. LXV, figs. 3i and 3j). I am inclined to think

that the pseudodeltidia of the Atremata and Neotremata, as also the deltidia of the Protre-

mata of the Cambrian, are all the result of holoperipheral growth and not of growth from a

prodeltidial plate, as interpreted by Beecher [1892, p. 142].

The deltidia of the Protremata vary in size from the large deltidium of Billingsella colora-

doensis (PI. LXXXV, figs. In and lo) to those in wMcli the delthyrium is entirely open in the

mature stages of the individual. The exact stage at wliich the rudimentary deltidia resulting

from the holoperipheral growth of the shell begin to take on the more definite form shown in

Nisusia (PL C) and Billingsella (PI. LXXXV) is unknown.

From my studies of the Cambrian bracMopods I see notlfing that leads me to the behef

that in the Protremata the deltidium has a different origin from the pseudodeltidium of the

Atremata. Whatever the significance of the prodeltidium or tliird shell plate of the Neotremata

may be, it is plain from the many species of Atremata, Neotremata, and Protremata through-

out the Cambrian that the pedicle openings tend to develop in two directions; resulting, first,

in a more or less large open delthyrium, due in all probability to a tluck and short peduncle

filling up the space, and, second, in a more or less covered delthyrium (the covering being

either the phosphatic pseudodeltidium or the calcareous deltidium), the peduncular opening

being either between the two valves or reduced to a foramen limited to the ventral valve.

LISTRIUM.

Hall and Clarke [1892a, p. 153] deemed it important to apply the term listrium to the

calcareous deposition or plate closing the progressive track of the pedicle opening or pedicle

cleft posterior to the apex of the ventral valve. This feature is known only in Orbiculoidea

among Cambrian genera of BracMopoda. It has not been observed in the Siphonotretidse.

PSEUDOCHILIDIUM.

The pseudoclnlidium is a convex plate closing the primitive aperture in the dorsal valve

of Atremata and Protremata. It corresponds to the pseudodeltidium of the ventral valve and

is formed about the dorsal side of the pedicle aperture.

CARDINAL PROCESS.

The cardinal process, like the crura, was evidently developed in the interval of progression

represented between the progenitor of Kutorgina and Billingsella. The process is unknown

in Kutorgina, but is very clearly developed in the Middle Cambrian forms of Billingsella

(PI. LXXXV, figs, lu-y; PI. LXXXVI, figs. 31 and 3n; and PL LXXXVIII, figs. If and li).

I have not observed it in Nisusia or Nisusia (Jamesella) of the Lower and Middle Cambrian.

It appears in Eoorthis remnicha (PL XCI, figs. Iq and Ir; PL XCII, fig. 2b) of the Middle Cam-

brian, but I have not seen it distinctly in the Ordovician ProtortJiis (PL XCIX).

The development of the process followed the definite cardinal area and hinge teeth and

must at first have been quite rudimentary. Its absence in Nisusia and its presence in Billings-

ella indicate that the latter is a more progressive type in this respect. In the Middle Ordo-

vician orthoid Dinortliis subquadrata the cardinal process is striated and fluted so as to give a

better holding surface for the attachment of the muscles. In the Silurian genera Waldheim^ia

and Cliothyris the entire concave part of the area of the dorsal valve projects as a plate poste-

riorly beyond the beak.

The cardinal process becomes more specialized in its bifurcated condition in the Stropho-

menidse and Productidse, etc. (See Hall and Clarke [1892a, p. 168] for further description of

this process.)
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ARTICULATING PROCESSES.

Among the Atremata, Bicia of the Lower Cambrian shows strong projections on the anterior

portion of the cardinal area of the ventral valve beside the delthjrrium (PI. L, figs, li-k and

2a), but no corresponding sockets or means of articulation in the dorsal valve. It is a matter

of interest to note that bosses occur on both valves (PI. L, figs. 2, 2a-e) close to the front mar-

gin of the cardinal area, wliich were evidently of service in connection mth the movement of

the valves. In Dicellomus the area of the dorsal valve is sometimes grooved in such a manner
(PI. LII, fig. li) as to suggest an articulation ^vith a projection on the ventral valve, and the

crenulated margin of figure Ij is suggestive of another tendency toward developing articulation

of the valves.

The actual presence or absence of articulating processes in Kutorgina cingulata (PL V) is

very difficult to demonstrate by observation, owing to the character of the matrix in which the

specimens occur. That some form of articulating processes is present, however, is indicated

by the facts (1) that in a relatively small collection tliirty of the valves are united, and (2) that

in only a few instances is the dorsal valve in any other than the normal position in which it

would have been held by teeth in the ventral valve. In only a few of the specimens have the

valves slid or turned either way, as they usually do in the inarticulates.

In the Neotremata, the Lower Cambrian Oiolella (PI. LV, figs, le-g) has projections suggest-

ing an articulating process on either side of the delthyrium. The same is true of Trematoholus

(Pis. LXXXIII and LXXXIV).
In the Protremata the articulating processes are well developed in Billingsella (PL LXXXV,

figs. In, Iv, and Iw), and, so far as known, in Nisusia and the other genera of the order.

SPONDYLIUM.

I am inclined to agree with Doctor Schuchert that the spondylium originated as the result

of deposition, within the ventral rostral cavity, of testaceous matter about the bases of the

adductor, diductor, and pedicle muscles [Schuchert, 1897, pp. 100-102]. With this conception

in mind we may consider that the slightly demarked rostral muscular area of Nisusia is one of

the earhest known traces of pseudospondylia, and that it is followed by the more decidedly

elevated muscular area or pseudospondylium of Billingsella, which is of the same type as that of

Clitambonites and essentially of the same general type as that of Eoorthis. In Filkelnburgia the

pseudospondylium appears to have been supported at its anterior margin by three septa (PL
XCIII, fig. 2), thus forming a link between the pseudospondyhum of Billingsella and the spon-

dylium of Syntrophia. In Huenella (PL CHI, figs. Ih, li, 2 1, and 2m) the spondylium is free

at the sides and without a supporting septum (as in SyntropTiia, PL CII, fig. 6g; PL CHI,
figs. 4d and 4e) or septa (as in ClarlceMa, PL CIV, figs. 2c and 2d).

Protorthis has no well-observed cardinal process in the dorsal valve, although it has gained

a true spondyhum in the ventral; and Syntrophia gains a cruralium in the dorsal valve, both
valves of Syntrophia rotundata having either a spondylium or crurahum supported on a median
septum (PL CHI, figs. 4d and 4e). In ClarlceTla the spondylium is supported by three or more
septa (PL CIV, figs. 2c and 2d).

In chronologic order the pseudospondylium of the ventral valve first appears in the Lower
Cambrian Billingsella highlandensis (PL LXXXVII, fig. 4b) and B. orientalis (PL LXXXVI,
fig. 2). It is present in all species of Billingsella from the Middle and Upper Cambrian, and
has the same form in the Middle Cambrian as in species of Eoorthis of the Middle and Upper
Cambrian. On this line of descent the pseudospondylium appears in Orthis (see Hall and
Clarke [1892c, pp. 186-194]) of the Ordovician and later faunas, probably as a reversion from
a free spondyhum. On the line of descent to Protorthis the pseudospondylium becomes a free

spondylium and continues on through Syntrophia and Clarhella into the Ordovician and Silurian

Pentameridse and Clitambonitidse.

It is not improbable that all Cambrian and Lower Ordovician Protremata have a pseudo-
spondylium or spondyhum. In the Orthidse a pseudospondylium is often suggested, but the
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dental plates do not appear to join to form an attached (pseudo) or free spondyUum. The
points of attachment of the adductor (central) muscle scars appear to have been directly on

the surface of the valve and not on a raised platform or pseudospondylium.

At my request, and with all the illustrations of this monograph for study, E. O. Ulrich,

who has been studying the Ordovician Protremata, prepared the following notes on the spondylia

of the Cambrian and Ordovician Protremata:

SpondyUum. This structure, if we regard the term spondylium as referring only to the typical free or medially

supported umbonal camera or spoon, is of more common occm-rence among articulate brachiopods than is usually

believed. Hall and Clarke [1892a, pp. 328-335] discuss the theoretic relations of the spondylium to the deltidium

and suggest an expansion of the former term that seems to me to be disproved by the chronogenesis of the articulate

brachiopods.

The typical spondylium is more or less rhomboidal in outline and corresponds to a ventral muscular area which

is raised above the floor of the valve and formed by the convergence and union of the dental plates. To the concave

surface of this structure the ends of the adductor, diductor, and pedicle muscles are attached.

The manner in which the spondylium is attached to the bottom of the valve is so variable that the feature does

not seem to be of more than generic consequence. It is free in Protorthis and in a related new Ordovician genus; sup-

ported by one or three septa in Clitavibonit.es, Pentamerus, Syntrophia (s. s.), Clarlcella, etc.
;
partly sessile but anteriorly

supported by one or thi-ee septa in Finkelnburgia; and wholly sessile (resting entii'ely on the bottom of the valve) in

Otusia and Orusia, Eoorthis, Billingsella, Huenella, and certain Clitambonitidse, Syntrophiidae, and Pentameridse. The
muscular area of the ventral valve of the Cambrian Orthis-like brachiopods never agi'ees perfectly with that of any of

the described Ordovician Orthidse. In the latter the dental plates of the ventral valve never meet and the area is

more or less distinctly bilobed and very rarely elevated, though it may be so depi'essed in thick shells as to suggest a

spondylium. In the Cambrian types in question the muscular area is often elevated, commonly suggests and fre-

quently forms a true spondylium, and as a rule is more or less distinctly rhomboidal in outline., These features,

together with the arrangement and components of the muscle scars of the dorsal valve, suggest a relationship with

the Ordovician Clitambonitidse rather than with the true Orthidee.o

Of the true Ordovician orthids, it seems to me that the groups represented by 0. callactis-tricenaria and Dalmanella

(especially the D. suhxquata section) are the oldest and most persistent. Both of these types often retain unresorbed

remnants of the deltidium, and in the development of their dental plates and septa and in the shape and arrangement

of their ventral muscular areas they agree with the average Cambrian articulate more closely than do any other Ordo-

vician or Silurian orthoids, with the possible exception of Plectorthis. Thus, except in the matter of surface plication,

the resemblance between Orthis tricenaria and Billingsella romingeri (Barrande) is rather striking. But it is to be

noted that the muscular area in the ventral valve of 0. tricenaria (as in Dalmanella suhiequata) is blunt and gently

bilobed or obscurely trilobed anteriorly, and not subrhomboidal in outline. Plectorthis whitjieldi has longer and broader

ventral adductor scars than any other Ordovician or Silm'ian orthoid known to me, and on this account its muscular

area resembles that of Billingsella more closely. Plectorthis whitjieldi is, however, of late Ordovician or Silurian age

and lived at a time of very rapid evolution (and possibly reversion) among brachiopods, when other orthoids of the

same type (Orthis (Billingsella) laurentina (Billings) and Orthis flabellites) were reverting to ancestral characters; or it

may be that they were immigi'ants from some other area where the older characters persisted.

This difference in shape of the ventral muscular area in the Billingsellidse and Orthidfe is due to the fact that in

the former the median (adductor) scars are always longer and as wide or wider than the lateral (diductor) pair. In

the Orthidee the adductor scars are of the same general shape as the corresponding scars in the Billingsellida, but are

relatively smaller and shorter. They are as long as the diductors in Orthis tricenaria, Plectorthis whitfieldi, and Dal-

tnanella subiequata, and in others [Dinorthis, Rhipidomella, etc.] they are much shorter and more or less completely

inclosed anteriorly by the revolutionary tendency of the area of the diductors to expand at the expense of the adductors.

A natiual division of the orthoids into two families may thus be established:

(1) Ventral muscular area small, obovate or obcordate; adductors reaching front margin of area (Orthis (s. s.), Plec-

torthis, Platystrophia, Hebertella, Orthostrophia, Dalmanella).

(2) Ventral muscular area large, bilobed or elliptical; adductors proportionately small and more or less com-

pletely inclosed anteriorly by the flabellate diductors [Heterorthis, Plxsiomys? deflecta group, Dinorthis, Bilobites,

Rhipidomella, ScMzophoria, Orthotichia].

Another well-marked difference between the true Ordovician orthoids and their billingsellid ancestors is in the

arrangement of the muscle scars of the dorsal valve. In the Billingsellidse they are somewhat elongate and more or

less radially arranged (PL LXXXVIII, figs. If-k; PL XCIII, fig. If; and PL XCIX, fig. 2d) and in the Orthidas [Orthis

tricenaria, Plectorthis, Dalmanella, and Orthis tritonia] they are shorter and placed longitudinally. Some of the later

orthoid forms in the second group [Bilobites, Rhipidomella, and Schizophorial are characterized by a radial arrangement

of the dorsal muscle scars, but the ventral muscular areas are here highly developed and bear little resemblance to

those of the Billingsellidse.

" Commenting on this, Dr. Charles Schuchert wrote me: "This is a very important point. It has often strucls: me that all the early Cambrian

brachiopods have an incipient spondylium, sometimes free, sometimes supported, or sessile. Out of the sessile forms have developed the true

orthids."
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CRURALIUM.

In the dorsal valve an immature cruralium is seen for the first time in Nisusia festinafa

(PL C, fig. Ig at d, and fig. Ij at cr) which is without a cardinal process; this appears to be

the first appearance in the Lower Cambrian of a muscle-supporting projection in the dorsal

valve of an articulate brachiopod. In Billingsella a cardinal process is developed (PI. LXXXV,
figs, lu and Iv) on a low crural thickening. This process is present in Eoorihis and Orthis

and is prominent in DinortJiis, Hehertella, and most of the Orthidse, Strophomenidse, and Pro-

ductidse.

A well-developed cruralium in the dorsal valve is first seen in SyntropTiia (S. rotundata,

PI. CHI, fig. 4e) of the Upper Cambrian. It is well developed in Clarkella, Conchidium, and
other genera of the Pentameracea.

PLATFORM.

Hall and Clarke [1892c, p. 46]'' state that—

The specialized postmedian testaceous deposit which has been termed the platform by Messrs. Davidson and
King occurs among Brachiopoda only in the genera LaJchmina l=]Veobolus], Lingulops, Lingulasma, Dinobolus,

Trimerella, Monomerella, and Khinoholus; it constitutes the principal diagnostic character of the family Trimerellidse

of those authors, and in so far' as any of these genera possesses this feature, so far, at least, it is a trimerellid. In its

chronogenesis it is accompanied by certain peculiar phenomena. According to our present knowledge, its first appear-

ance is in the little Lakhmina \=Neoholus\ from the primordial "Obolus beds" in the Salt Range of India; but in

American faunas, where the development of the group is best exemplified, it is first met in Dinobolus (in external fea-

tures the most oboloid form of the group) in the later faunas of the Lower Silurian: Black River, Trenton, Galena.

Thereupon follow in the still later fauna of the Hudson group the more pronounced linguloid genera, Lingulops and
Lingulasma. Not, however, until the introduction of the Niagara or Wenlock fauna does the entire group, with the

exclusion of the inceptive linguloid forms, reach its culmination in specific and individual development. * * *

With the disappearance of this fauna the platform-bearing brachiopods virtually became extinct, and we have as yet

no trace whatever of the occurrence of this peculiar feature at any later date or in any other group of these animals.

These authors conclude that it is probable

—

that the inception of the platform is due to the slight variation indicated in the mode or rate of formation of the muscular

fulcra in Lingula, and this may itself have been due in part to a simple increase in the size of the muscular bands.

In summing up their conclusions on the source and development of the platform in the

trimerellids, the statement is made that "we are confronted with the interesting phenomena
of a similar resultant attained along difl^erent lines of development." This is expressed in a

diagram in which Oholella and Lingulella are taken as the first stages of two lines of develop-

ment. On the line of Obolella come in succession Obolus, Elkania, Dinobolus, and Tninerella.

On the line of Lingulella come in succession Lingula, Lingulops, Lingulasma, Trimerella,

and, as an offshoot from Lingulasma, Monomerella and Rliinobolus. Lalclimina [= Neobolus]

is placed in a central line between Obolus and Lingulella [Hall and Clarke, 1892c, p. 52]. For
the fuU discussion of the views of Hall and Clarke the student should consult the original

work [Hall and Clarke, 1892c, pp. 46-65].

In the course of my studies of the Cambrian brachiopods I came to the conclusion that

the platforms so far as developed were the result of shell secretion beneath and about the points

of attachment of the muscles, also beneath the visceral cavity. In the dorsal valve of Rus-
tella (PI. I, fig. le) from the Lower Cambrian, the most primitive type of brachiopod known
to me, the central and anterolateral muscle scars are slightly raised above the general level

of the interior of the valve ; many natural casts of the interior of the ventral valve fail to show
traces of the points of attachment of the muscles.

I have assumed that Obolus was divergent from the same stock or radicle as Rustella, and
that Lingulella is an early divergent from Obolus. (See schematic diagram, p. 317.) None
of the Lower Cambrian species of Obolus or Lingulella Itnown to me has any unusual thickening

of the valves over the visceral area or about the muscle scars, but in the Middle and Upper
Cambrian it is not uncommon to find more or less indication of it. Obolus miclcwitzi (PL X,
figs. 1, la-k) of the Middle Cambrian is a striking example, and Obolus apoUinis (PL VII) of

o Observations on the development and function of the platform in the inarticulate Brachiopoda.
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the Upper Cambrian affords fine illustrations of the general thickening of the shell beneath

the visceral area in both valves, wliile the points of attachment of the muscles may be depressed

(PI. VII, figs. 10 and 17) or elevated (PL VII, figs. 9 and 14). The thickening of the shell is

also well shown by the ventral valves of Oholus {Schmidtia) (PI. XIV, figs, la, 3a, and 4a)

and less well hj the dorsal valves (PI. XIV, figs. Ic, 4c, and 4d). Oholus cijane (PI. XXVII,
fig. 4b) from the Lower Ordovician has an unusually well-developed thickening beneath the

visceral area of the dorsal valve. Many other illustrations might be given from Oholus and its

subgenera.

In Lingulella and its subgenera there is a striking development of the primitive or

early stages of the platforms, and they are present in many species

—

L. acutangula (PL XVII)
and L. granvillensis (PL XXII, figs, lb and Id) of the Lower Cambrian and L. duhia (PL

XXIV, 'figs. 4 and 4a) and L. ino (PL XXVI, fig. 4) of the iliddle Cambrian. Of Upper
Cambrian species only the small L. ferruginea shows a slight thickening of the valves beneath

the visceral area (PL XXIX, figs. Ir and Is).

From Lingulella there appears to have been an offshoot in Middle Cambrian time in Oholus

(Fordinia) perfectus (PL LXIII, figs. 10, lOa-d) that developed a strong tendency toward the

formation of a rudimentarj- posterior thickening in the interior of the valves. Two species,

Oholus (Fordinia) bellulus (PL LI, figs. 3, 3a-f) and 0. (F.) gilberti (PL LI, figs. 5, 5a-d)

from the Upper Cambrian, also show the same tendency. The rudimentary platform of 0.

(Fordinia) perfectus (PL LXIII, figs. 10a and 10c) is intermediate in development between

those of Oholus apollinis (PL VII) and Elkania desiderata (PL LI). The position of the central

group of muscle scars, at the anterior sloping ends of elevated ridges, marldng the path of advance

of the scars with the growth of the shell, is beautifully shown in figure 10a of the ventral valve

of 0. (F.) perfectus (PL LXIII). In the dorsal valve of the latter species there is marked

thickening of the shell beneath the visceral area, and a marked median septum or ridge just in

front of the cardinal area (PL LXIII, fig. 10c) is very suggestive of a cardinal process.

The ventral valve of Elkania desiderata (PL LI, fig. 1) has a strong, solid, rudimentary platform

into which the interior cardinal area is blended, and the position of the central group of muscle

scars is on the front slope of the platform; in the dorsal valve (PL LI, figs. Ic and Id) a rudi-

mentary platform is also clearly indicated. The dorsal valve of Elkania amhigua (PL LI, fig.

2c) may have a fairly strong rudimentary platform or be without it (PL LI, fig. 2b). Elkania

ida (PL LI, figs. 4b and 4c) has the rudimentary platform finely developed in both valves.

Lingulasma scJiucherti [Hall and Clarke, lS92c, PL II, figs. 17-23] of the Upper Ordo-

vician appears to be the best expression of an intermediate form between Oholus (Fordinia)

(PL LXIII, figs. 10, lOa-d) and the forms represented by Dinoholus [Hall and Clarke, 1892c,

PL IVb] and Trimerella [Hall and Clarke, lS92c, PL IVa] of the Silurian, but it is quite prob-

able that Lingulasma was not in a,nj way intermediate between Fordinia and the trimerellids.

It seems to represent a side branch of Lingula.

The line of development of the platform to Ordovician and Silurian forms seems to have

been from some Obolus-like form, as Fordinia to Neoholus (PL LXXXI, figs. 2e and 2f), and

thence to Dinoholus. I thought at one time that Elkania might be a possible ancestral line

to the Trimerellidje, but, after carefully considering the position of the rudimentary i^latforms,

I concluded with Schuchert that Elkania was an offshoot from Oholus that did not leave any

known descendants.
SEPTA.

The septum of the dorsal valve of the Obohdse is usually in the form of a narrow ridge, and

is not a true septum in the usual sense, which is that a septum is a thin median vertical plate

of variable height, terminating freely or supporting a spondylium. WeU-developed septa occur

in the Syntrophiidse as supports beneath the spondyUa (PL CIII, figs. 3d and 3e; PL CIV,

figs. 2c and 2d).
DENTAL PLATES.

Dental plates first appear, so far as known, in the Protremata as oDscure processes supporting

the teeth of the ventral valve, one on each side of the delthyrium. One of the oldest examples
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is that of the Lower Cambrian Nisusiafestinata (PI. C, fig. Ij), wliere the plates form the support

of the teeth and also outhne a rudimentary spondylium. Protorthis of the Middle Cambrian

has a spondylium on each side of which are the teeth supported at each of the outer angles next

to the cardinal area (PI. XCIX, fig. 3b). Dental plates undoubtedly existed in other genera

of the Protremata of the Cambrian, but they have not been observed.

VASCULAR MARKINGS.

The most prominent of the vascular impressions are the pallial sinuses or main vascular

canals. Usually all that is impressed on the inner surface of the valves are the two main trunks

that diverge from near the apex or beak of the valves and skirt the margin of the visceral area.

In rare instances the impressions of the secondary branches of the main sinuses are preserved.

ATREMATA.

None of the shells of the genera of the Paterinidfe show more than the bases of the main
tnmks of the vascular system, but in Obolus and LinguleUa and their subgenera there are numer-
ous illustrations of the main vascular canals and in a few instances of the secondary canals.

Oholus apollinis (PI. VII) of the Upper Cambrian has the vascular system as well developed,

judging from the impressions left by it on the interior of the valves, as in the mantle of recent

Lingula. In the closely allied form, LinguleUa granvillensis (PI. XXII, figs, lb and Id), from

the Lower Cambrian, there is every reason to thmk that the vascular system has reached its full

development. The main vascular trunks, lateral canals, and peripheral canals are all indicated

in the ventral valve (PI. XXII, fig. Id). Striking illustrations of the preservation of the mark-
ings of the vascular system are shown in many of the illustrations. (See PI. VIII, fig. Id ; PI. XII,

figs. Ic, le,9, and9a; PI. XIII, fig. Im; PL XV, fig. 11; PL XVII, figs. Ih and Ij; PL XXXVI,
figs. Ic and Id; PL XXXVII, fig. Ic; and PL XXXVIII, figs. 2b and 2d.)

In Bicia (PL L), one of the oldest of the Obohdse, the main vascular trunks are very strong,

and they are prominent in Dicellomus (PL LII, fig^. Id and Ij ; PL LIII, figs. Id, 2, and 4a).

NEOTB.EMATA.

In the Neotremata, Oholella, the most primitive form, has the vascular trunks developed

(PL LIV, figs. 2g-n) on a scale comparable with those of Obolus, but, as is usually the case

among Cambrian bracliiopods, the calcareous shells do not appear to bear the impressions of the

secondary canals as well as do the chitinous or phosjshatic shells.
. The main vascular canals of

Botsfordia (PL LVII, figs. 4g-m; PL LIX), Linnarssonella (PL LXXIX, figs. Im-p, 2, and 2a),

Trematobolus (PL LXXXIII), Yorhia (PL LXXXII, figs. Ih and 2), Schizamhon (PL LXXXIV,
figs, la, Ic, 2d, 3b, and 3c), and Dearhornia (PL LXXXII, figs. 7b and 7c) are all strongly devel-

oped. In Acrothele are found some of the most beautiful examples of the jDreservation of a highly

developed system of vascular canals (PL LVI, figs, la-d, 3b, and 3c; PL LXI, figs. Ic and Id).

Acrotreta has relatively large vascular trunks (PL LXIV, figs, li, Ij, and 2c; PL LXV, figs. If,

Ig, 3c, and 6; PL LXXIII, figs. 4c and 6), but no traces have been seen of the lateral canals.

The main trunks of Acrotliyra are also large (PL LXXVI, figs. 4a and 4b). Discinopsis (PL

LXXXII, figs. 5a-b) has two narrow, long, main trunks that originate back of the line of the

opening of the pedicle tube.
PROTREMATA.

In BillingseTla the great size of the main vascular trunks (Pis. LXXXV-XC) is character-

istic of the genus. The manner in which the anterior branches of the main trunks pass outward
toward the border is finely shown in specimens of B. plicatella (PL LXXXVI, fig. 3i). The
dorsal valve of B. exporrecta (PL LXXXVIII, fig. Ik) has two strong apparently main sinuses

on each side; the inner pair, however, may not be casts of the vascular sinuses, but may indicate

grooves made by the path of advance of the attachments of the posterior adductor muscles.

The vascular system of Nisusia (PL C) and its subgenus Jamesella (PL CI), Protorthis

(PL XCIX), and usually of Eoorthis, has left no traces of its presence on the shell. On some
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examples of Finkelnhurgia (PL XCIII, figs. Id, If, 2, and 2b) there are indications of large main

trunks, and in Orusia (PL XCVIII, figs, le and Ip) narrow trunks are seen. Only one among

many hundreds of specimens of Eooriliis (PL XCI, fig. 3b) shows traces of the main trunks.

Among the Syntrophiidse, HueneUa abnormis (PL CIII, figs. 2b and 2h) shows that the main

trunks were of large size. I have not seen any interiors of the shells of the Strophomenidse from

the Cambrian system.

This brief review proves that the simple primitive type of the circulatory system, as developed

in the main vascular canals, their laterals, and the peripheral canals of the mantle, was fully

developed in Lower Cambrian time, and that this type persisted throughout Cambrian time.

The modified form of the canal system of the Craniidfe has not been observed, nor has the

complex canal system of the Ordovician and later orthoids [Hall and Clarke, 1892c, Pis. Va, Vc,

VI, and VIA].
MUSCLE SCARS.

It is only within a few years that material has been available from Cambrian rocks that

could furnish data for a description of the muscle scars and by them an outline of the muscular

system of the Cambrian brachiopods.
ATREMATA.

In the Atremata this has been most thoroughly worked out for Oholus by Mickwitz (1896),

and an outline may be found in this monograph under the description of the genus Oiolus. The

terminology used in this monograph is mentioned on page 292.

In the most primitive form of brachiopod known to me, RusteUa edsoni, the muscle scars of

the dorsal valve, so far as known, indicate that the system of scars was essentially the same as

in Oholus. In the dorsal valve the central scars (PL I, fig. le) are preserved; also the anterior

portion of the outhne of the parietal band, which indicates the position of the anterolateral

scars. Although we have a number of good natural casts of the interior of the ventral valve,

no traces of vascular markings or muscle scars have been observed. So far as known none of

the many hundreds of specimens of various species of Micromitra have preserved any definite

outlines of the muscle scars, and the same is true of Mickwitzia and Helmersenia.

Oholus and Lingulella and their subgenera all have the same general grouping of the

muscle scars as described under Oholus. For Oholus these are well shown in 0. apollinis (PL

VII) ; for Lingulella by L. acutangula (PL XVII) ; for the subgenus Westonia by Oholus (Westonia)

escasoni (PL XLIX, figs, la, laa, Ic, and Id). The same general arrangement of the muscle

scars, so far as known, is found mBicia (PL L), ETkania (PL LI), and Oholus (Fordinia) (PL

LXIII, figs. 10a and 10c) . In Dicellomus the central and the outside and middle lateral scars are

located in front of the visceral area, as in Oholus, but the anterolateral and transmedian scars

are combined in one large cardinal scar (PL LIII, fig. Ic at cl), as in Acrotreta (PL LXIV, figs.

2c and 2d) ; in the dorsal valve the central and anterolateral scars are as in Oholus, while the

transmedian, outside laterals, and middle laterals appear to be grouped in one large cardinal scar

(PL LIII, fig. li at cl). The combining of the muscle scars of the posterolateral region of the

valves in one large scar in this genus of the Atremata foreshadows the typical large cardinal

scar so characteristic of the Neotremata.

NEOTREMATA.

In Oholella (Pis. LIV and LV) the arrangement of the muscle scars, so far as Imown, is that

of Oholus, but with a tendency on the part of the posterolateral scars to close in toward each

other; this tendency is carried into effect in Botsjordia (PL LIX, figs. Ik and In; PL LVII,

fig. 4k; and PL LXII, figs. 5g and 5i). In the dorsal valve of Botsfordia pulcJira (PL LXII,

fig. 5h) the transmedian and middle lateral scars appear to be distinct, but in figure 5i and in

all ventral valves, figures 5g and 5j , a single large scar appears to be present. luLinnarssonella,

which I have placed as the descendant from the Acrotreta stock (schematic diagram, p. 317),

the posterolateral scars are all grouped in both valves in a large cardinal muscle scar (PL

LXXIX, figs. Ik-p). The muscle scars of the central portion of the valves remain essentially

as in Oholus.
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The system of muscle scars in Trematoholus (PI. LXXXIII) -is, so far as known, that of

Oholus, with a modification probably of the position of the scars of the pedicle muscles; of the

latter, unfortunately, nothing is known. Dearbornia (PI. LXXXII, figs. 7b and 7c) has the same
arrangement of the muscle scars as Trematoholus, but of the muscle scars of the other genera

descendant from the Trematoholus stock we know very little. The interiors of Siphonotreta

(PI. LXXXI, figs. 6c, 6d, and 6e) indicate an arrangement somewhat like that of Trematoholus.

YorTcia, Orhiciiloidea as known in the Cambrian, and PJiilTiedra show nothing of the muscle

scars. Schizamhon (PI. LXXXIV) appears to be related in its muscle scars to Trematoholus.

The muscle scars of Acrothele, Acrotreta, and Acrotlvyj'a agree in having the posterolateral

scars united on each side in one large cardinal scar situated in the posterolateral region of the

valves. The central and anterolateral scars of the dorsal valve are variously situated (PL

LVIII, figs. 5f and 5h, and PL LX, fig. 1 1) in the central portion of the interior of the valve,

but not more so than in the dorsal valve of Oholus. In the ventral valve the outside and mid-

dle laterals and the central scars are more or less contracted, and drawn back toward the small

visceral area about the pedicle opening ; the individual scars have not been seen except in one

specimen of Acrotreta argenta (PL LXVII, fig. 5b). In this species the visceral area is unusually

large and the positions of the outside lateral and central scars is shown ; the anterolaterals are

not delimited. Another species of Acrotreta, A. ophirensis (PL LXXIV, fig. le), has an unu-

sually large visceral area, but, although the area of the muscle scars is defined, the individual

scars can not be seen. No reference has been made to the umbonal muscle scars, as they are so

rarely preserved. They are well developed and shown in Oholus and Lingulella, and it is

highly probable if not certain that some form of umbonal muscle existed in all of the inarticu-

late brachiopods.
PBOTBEMATA.

The muscles of the Protremata are limited to three sets: diductors, to open the valves;

adductors (centrals), to close the valves; and the pedicle muscles.

In Kutorgina, the atrematous progenitor type of the Protremata, the anterior and poste-

rior adductors (equal to the anterolateral and central scars, respectively) are known in the dorsal

valve (PL V, fig. Ih), but nothing is known of the point of attachment of the diductor muscles

in the dorsal valve or of any muscles in the ventral valve. The muscle scars are preserved in

Billingsella in the ventral valve within the area of the pseudospondylium-. The diductors

probably occupied the outer divisions of the tripartite pseudospondylium and the adductors

the central section. This is well shown in many specimens (PL LXXXV, figs. Im and Ip;

PL LXXXVI, figs. 3g, 3i, 3j, 3k, 3m, and 4b; PL LXXXVII, figs. 5b, 5c, and 7; and PL XC,
figs. 2g, 2h, and 2i). The diductors appear to have followed closely in the line of the scars of

the main vascular sinuses if the tripartite pseudodeltidium is considered to have been wholly
taken up by the points of attachment of the muscles. In the dorsal valve the adductor scars

are often prominent (PL LXXXVIII, figs. Ig, Ih, Ij, and Ik), also the cardinal process to which
the diductor muscles were attached. The interiors of the ventral valves have not thus far

shown muscle scars.

The muscle scars of the ventral valve of Nisusia and its subgenus Jamesella, and those of

Finkelnhurgia, Orusia, and Protorthis, were probably gathered on a pseudospondylium or,

when the latter is iiot defined, on the bottom of the valve beneath the umbo, as in Eoorthis.

In an obscure specimen of the dorsal valve of Portorthis quacoensis (PL XCIX, fig. 2d) the pos-
terior adductor scars appear to be preserved.

In the dorsal valve of Fiiikelnhurgia the adductors are finely shown (PL XCIII,fig. If), also

a rounded, posterior central depression in which the diductors may have been attached.

Among the Cambrian Syntrophiidje muscle scars have been discovered in Huenella ahnor-
mis of the Upper Cambrian. In the ventral valve (PL CHI, fig. 2b) the adductor and diductor
scars are preserved on the spondylium, and dorsal valves (PL CIII, figs. 2f, 2i, and 2j) show
the adductors in fine preservation, also the cruralium to which tlae diductor muscles were
attached. The muscle scars of this species are of unusual interest, as the ventral valve has a
spondylium to which the pedicle, the large diductor, and the smaller scars of the adductor
muscles were attached.
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PEDICLE TUBE AND APERTURE.

ATBEMATA.

When the pedicle rests in furrows on the areas of the valves, as in Oholus (Pis. VII and
XIV), it pertains to both valves, but mth the deposition of a narrow band of shell about it on
the ventral valve it strictly pertains to this valve alone, although it may still rest against

the area of the dorsal valve before passing through the semitube of the ventral valve. The
transition from the deep but open pedicle furrow of the ventral valve of Oholus to the inclosed

sheath or tube of Ololella is found in BiceUomus politus. In this species there has been a deposit

of shelly matter that rises up from the sides of the pedicle furrow on the ventral valve and
arches slightly inward, almost forming a tube in places; what remains of this semitube is shown
by figures 16A and ICB.

NEOTBEMATA.

The earliest and simplest stage of development of the pedicle tube when it completely
surrounded the pedicle is found in Oholella of the Lower Cambrian (Pis. LIV and LV). In. this

genus the deep pedicle furrow of the ventral valve

of Dicellomus has been covered over just at the

apex of the cardinal ai'ea so as to form a simple

ring or tube about the pedicle. In the next stage,

as shown by Botsfo'rdia (Pis. LVII and LIX), the

pedicle has advanced its opening to the front side

of the apex and the tube between it and the furrow

in the area is a little stronger and a trifle larger.

In Linnarssonella (Pis. LXXVIII and
LXXIX) the opening of the pedicle tube is close

to the posterior margin and the Obolella-like struc-

ture in both valves is very striking. This is best

seen by comparing the casts of the interior of the

ventral valves of Linnarssonella (PL LXXIX,
figs. 3c-g) with those of Oholella atlantica (PI. LV,
figs. If-h). In both species the cast of the pedicle

tube is in the same position in relation to other

parts, and the external opening of the pedicle tube

is at the apex above a low false cardinal area.

The depressed forms of Acrotliele, with the apex near the posterior margin, appear to have

been descendant from the Oholella stock but to have reached a stage of development more

advanced than any known form of the Cambrian genus Obolelh'. Acrothele hellula (PI. LVIII,

figs. 5, 5a-h) of the Mddle Cambrian appears to be one of the oldest forms and to have retained

in its ventral valve characteristics of its obolelloid ancestors. In the ventral valve the pedicle

tube penetrates the thickened apex of the shell and there is considerable space between the

pedicle aperture and the posterior margin; the tube and aperture are essentially the same in all

the species of Acrothele, difi'ering only in details due to a rather narrow range of position and the

varying thiclmess of the shell. The genus ScMzopliolis (PI. LXXXI, figs. 1, la-c) has a more

nearly vertical posterior slope and distinctly marked false area, in this respect resembling

the large group of species referred to Acrotreta. The pedicle tube and aperture of the latter

are of the same type as in Acrothele, differing only in form and position within a narrow range.

Acrothyra also shows little variations. Discinolepis (PI. LXXXI, figs. 3 and 3a) has the pedicle

opening more advanced and appears to be a form intermediate between Acrothele and Acrotreta.

Figure 16.

—

Dicelhmus politus (Hall). A, Interior of ventral valve

(f.sp, pseudospondyliura or pedicle plate; i, transmedian scars; j,

anterolateral scars; v, visceral cavity; vs, main vascular sinuses).

B, Posterior portion of the interior of a ventral valve, showing

a strongly developed area (fsp, pseudospondylium or pedicle

plate; a, inside section of area; f, flexure line; a', outside section

of area).

The specimens represented by figures IGA and 16B are from

Locality 79s, Upper Cambrian "St. Croix sandstone" at Hudson,

Wisconsin (TT. S. Nat. Mus. Cat. Nos. 51917aand 61917b, respec-

tively). The same figures are reproduced on page 570.
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The pedicle tube of Keyserlingia (PI. LXXXI, fig. 4c) apparently opens into an elongated

depression in the shell back of the apex of the ventral valve ; the tube is a passage through

a tliickened mass of shell which is dejiosited about the pedicle and wliich is especially well

developed in old shells (PL LXXXI, figs. 4a and 4d).

PROTBEMATA.

A pedicle tube or opening is found in the genus BiUingseUa of the Lower Cambrian, the

characteristic openiiig being at the apex of the delthyrium (fig. 65, p. 750). It has not been
observed in Nisusia (PI. C) nor in the subgenus Jamesella (PI. CI), nor in any other genus or

subgenus of the Protremata of the Cambrian fauna. This may be owing to the absence of a

deltidium in the adult stages of the shell found, to its being covered by the incurved beak, to

the difficulty of worldng out or uncovering the deltidium so that it can be seen, or in all proba-

bility to the permineralization of the shell and the generally coarse nature of the sediments
deposited with the shells. It may be that the opening was closed naturally in the adult stages

as in some of the Ordovician Clitambonites. Even in BiUingseUa, where the material is abundant
and well ])reserved, it is qnly rareh^ that an entire deltidium is obtained and very rarely that

the minute pedicle opening can be seen at its apex.

OLD-AGE CHARACTERS.

I have not given special attention to old-age characters during the progress of the study
of the Cambrian brachiopods. The variations due to old age during the gerontic period appear
in the unusual thickening of the shell of Oholus apollinis (PL VII), but old age is not indicated

on the exterior of the shell (PL XIV, figs. 6 and 6a). The areas of attachment of the muscles in

Oholus mickwitzi (PL X) suggest old age, and the strong concentric ridges at the front of the

valves is another phase of old-age conditions. Oholvs {Lingulobolus) (PL XVI), in its thick

shell, large deep muscle scars, and convex valves indicates an old-age form derived from Oholus.

In Keyserlingia huchi (PL LXXXI, figs. 4a-e) the interior shell growth associates the species

with old-age forms.

There is abundant material for study of many of the species described in this volume that

may, when carefully worked up and studied, give some interesting results in relation to changes
in the shell during the mature (neologic) and old-age (geratologic) periods of growth.

DISTEliBUTION IN CAMBRIAN STRATA.

We do not know of any brachiopods in strata older than that containing the Mesonacidse
or Lower Cambrian fauna. That such existed in pre-Cambrian time seems almost certain when
the advanced stage of development of some of the earliest-known forms is considered.

In the following diagram the Icnown occurrence of the families of bracliiopods in strata of

Cambrian age is graphically shoA\ai. The diagram is based on the data contained in the table

(p. 112) giving a summary by famihes. The Obofidw, with 6 genera, 9 subgenera, 186 species, and
14 varieties, has the greatest development, and tliis family continues into the base of the Ordo-
vician with 4 genera, 3 subgenera, 41 species, and 1 variety. The Acrotretidse has 6 genera,

1 subgenus, 100 species, and 20 varieties, with the greatest development in the Mddle Cambrian
and with a smaller representation m the Lower Ordovician. The BillingseUidas, with 9 genera,

2 subgenera, 91 species, and 12 varieties, has a strong line of development from the upper
Middle Cambrian and passes into the Ordovician, where it disappears. The three families

mentioned include about 48 per cent of the genera, 80 per cent of the subgenera, 80 per cent
of the species, and 79 per cent of the varieties included in the Cambrian Brachiopoda. The
development of genera of the remainmg families containing .3 genera or more is as follows:

Paterinidse, 3; OboleUidaj, 4; Siphonotretidse, 6; Syiitrophiidaj, 3; or 16 genera of the 23 outside
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of the Obolidffi, Acrotretidse, and Billingsellida?, which contaiu 21 genera. The remaming

7 famihes inchide 7 genera.

Of the 44 genera from the Cambrian, 19 occur in the Lower Cambrian, 31 in. the Middle

Cambrian, and 20 in the Upper Cambrian.

I
O

<
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Figure 18.—Schematic diagram of evolution of Cambrian Brachiopoda.
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and is the oldest brachiopod known from the Atlantic Province. Bicia (PI. L), OboleUa (Pis.

LIV and LV), Quebecia (PI. CIV), Botsfordia cselata (PL LIX), Acrothele hellapunctata (PI. LVII,
figs. 3, 3a-b), A. decipiens (PI. LVIII, figs. 3, 3a-d), A. woodwortM (PI. LX, fig. 6), Acrotreta

emmonsi (PI. LXV, fig. 6), ^. primseva (PI. LXIX, figs. 1, la-f), and Yorlcia (PI. LXXXII) occur

with other forms in the upper portion of the Lower Cambrian fauna. All of these examples of

inarticulates indicate that the brachiopod fauna had advanced far in its evolution in Lower
Cambrian time. Among the progenitors of the Protremata, Kutorgina (PL V) occurs in the

Mesonacidse fauna, and Schuchertina (PL LI) of the Middle Cambrian probably springs from
the Kutorgina stock in Lower Cambrian time. Among the articulates we find, of the order

Protremata in the Lower Cambrian, several species ol Billingsella (Pis. LXXXVI-LXXXIX),
Nisusia (Pis. C and CI), and Swantonia (PL CIV), all from the upper zone of the Mesonacidse

fauna. (See lists of genera and species, pp. 98-109.)

ATREMATA.

The most primitive form of the Atremata known to me is Bustella edsoni (PL I, figs. 1, la-e)

of the upper portion of the Lower Cambrian terrane. It is without a false cardinal area, and
there is only a sUght indication of a pedicle furrow; some of the less well-preserved shells suggest

the protegulum stage of the Bracliiopoda. Mickwitzia (PL VI, figs. 1" and 3), Helmersenia (PL

LXIII, figs. 7b and 7d), and VoTborthia (PL I, figs. 6 and 6e) have an obscurely defhaed false

cardinal area on the ventral valve. In Helmersenia the pedicle opening is produced by the

gaping of the valves; in Volbortnia (fig. 33, p. 366) it is produced by the bulging of the cardinal

margins. In Micromitra (Pis. II, III, and IV) the posterior margins of the valves may be

nearly closed as in' if. pealei (PL III, figs. 3b and 3e'), or have a more or less open delthyrium

as in Jf. (Iphidella) pannula (PL IV, figs. Id, If, 2a", 2b', 4a', and 4d'). In Curticia (PL I,

figs. 2', 2b, 2a", and 2d) the open delthyrium is more developed than in Micromitra, although

the cardinal area is not outlined. Curticia appears to be a form intermediate in character

between Micromitra of the Paterinidse and Oholus of the OboUdss. It shows no trace of a pseu-

dodeltidium or any closing of the delthyrium by an extension of the area across it. In the

graphic systematic scheme (p. 317) it is placed as a family descendant from Oholus.

In the diagram on page 317 the lines of descent of the various genera are grapliically out-

fined, but our information is often so fragmentary that the scheme is necessarily imperfect. In

this the Bustella type of the upper Lower Cambrian is assumed as the known form that most

nearly approaches the protegulum stage or the first stage in Avhich it would be possible to have a

brachiopod preserved as a fossil. From the pre-i?usteZZa radicle Micromitra developed in early

Cambrian time and continued nearly to the close of the Upper Cambrian, giving rise in the

Lower Cambrian to MicTcwitzia and in the Upper Cambrian to Helmersenia and Volhorthia.

Oholus, branching from the Rustella protegulum radicle, is first known in the Lower Cam-
b'ian a little later than Micromitra. It persisted on into the Ordovician, giving rise in early

Middle Cambrian time to its subgenera Palaeoholus and Westonia, in late Middle Cambrian time to

Fordinia and to 0. (Acritis?) rugatus. Other subgenera, Schmidtia, Broggeria, and Miclcwitzella,

appeared in late Upper Cambrian or early Ordovician time. Bicia is taken from the 'pre-Oiolus

radicle. Dicellomus appears in central ]\'Iiddle Cambrian strata and continues into the Upper
Cambrian. It probably originated in the Bicia phyllum in Lower Cambrian time. ETkania

begins in central Middle Cambrian strata and continues well into the Upper Cambrian. It

appears to have been an offshoot from Oholus without known direct descendants. Neoholus,

with its pecuhar platforms pointing to the future Trimerellidse, is probably a descendant from

sonre Lower Cambrian foi'm that branched off from Oholus. The descendants of Neoholus, if

such existed, are unlaiown in the late Middle and LTpper Cambrian. Curticia is given as an

ofl^shoot from Oholus in Upper Cambrian time and Linguloholus in the Lower Ordovician.

Fordinia appears to have been an offshoot from Oholus in Middle Cambrian time and to have

disappeared without descendants.
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It is assumed that Lingulella-lihe forms developed from primitive Oholus in early Cambrian
time, since the genus is first kno\vn from the lower portion of the Lower Cambrian and is known
to occur throughout the Cambrian and into the Ordovician. The subgenus Lingulepis appears

in ]\Iiddle Cambrian time and continues on into the Lower Ordovician. Little is known of

Delgadella of the Lower Cambrian, but from its form it is referred to the Lingulella phyllum.

Lingula is probably descendant from Lingulella in late Cambrian time. Lingulella davisi (PI.

XXXI, figs. 6e, 6f) is quite similar to Lingula, as are Lingulella lens, L. concinna (PL XXXIII),
and other Upper Cambrian species. The subgenus Leptemiolon branches off from Lingulella

in late Upper Cambrian time.

Matthew [1902b, p. 98] has given a diagram shomng "Conjectural Lines of Descent of

the Canadian Oboli with Reference to the Oldest Known Atremata." This diagram and the

discussion following it are based upon Matthew's observations in the Cambrian section of New
Brunswick and Nova Scotia and his interpretation of the genera and species. The greater

opportunity offered by larger collections from a much wider field has so changed the data upon
which his conclusions were based that I shall not enter into a discussion of them.

Kutorgina (PL V) is assumed to have branched off from the Micromitra radicle in pre-

Cambrian time, and from its line of descent or radicle Schucliertina (PL LI, figs. 6, 6a-m) is

taken off. Both of these genera are placed on the border line between the Atremata and
Protremata.

NEOTREMATA.

The progressive increase in the differences in form and the relations of the two valves in

the genera of the Neotremata is best seen by a glance at the diagram on page 317. In tliis an
O&oZeZZa-hke type is descendant from a simple form like the Rustella radicle and from this radicle

the Acrotretidse diverges. Acrotliele, mth its great vertical range from the Lower Cambrian to

the Ordovician and its wide geograpliic distribution, is the oldest and simplest form; Acrotreta

is derived from Acroihele, and is first known toward the close of the Lower Cambrian and
continues through to the Ordovician; from the Acrotreta branch AcrotJiyra and Discinopsis

diverged in Middle Cambrian time. Linnarssonella is assumed to have branched off from the

Acrotreta radicle, and it is knowTi to have continued from the central Middle Cambrian to later

Upper Cambrian time. Another branch from Acrotreta leads to Oriiculoidea in the central

Middle Cambrian, wliich continues on into the Ordovician. A shell doubtfully identified as

Philhedra occurs in the Middle Cambrian. If correctly identified it represents the Craniidffi in

the Cambrian fauna.

Botsfordia is an offshoot from Oiolella in the central Lower Cambrian, and I have assumed
it to be the progenitor of Scliizopliolis of the Middle Cambrian. Quehecia of the middle Lower
Cambrian is tentatively shown to be derived from the Oholella radicle.

Another branch is Trematoholus , which is assumed to be the direct progenitor of the Siphon-

otretidse as an offshoot of the Oholella primary stock. Yorlcia is the first known branch from
Trematoholus in Lower Cambrian time. Dearhornia, as laiown, is limited to the upper portion

of the Middle Cambrian.
PROTREMATA.

The ancestral types of the true Protremata are, so far as at present known, Nisusia and
Billingsella. These appear to have come from the radicle leading from Micromitra to Kutorgina

of the Lower Cambrian. Kutorgina is placed on the border line between the Atremata and
Protremata without direct descendants.

ScJiuchertina (PL LI, figs. 6, 6a-m) has a calcareous shell, smooth outer surface, poorly

defined cardinal areas, open delthyrium, and large muscle areas on the ventral valve. It sug-

gests one of the transition forms between Kutorgina and Nisusia, but as its stratigraphic posi-

tion is in the central Middle Cambrian, far above and much later in time than the early forms

of the lines of descent of the Protremata, it is placed on the border line without descendants.



320 CAMBRIAN BRACHIOPODA.

The earliest representatives of the Nisusiinse are Nisusia and its subgenus JameseTla; both

occur in the upper portion of the Lower Cambrian. Nisusia is unknown later than the

upper portion of the Middle Cambrian, and Jamesella is unknown above the base of the Upper

Cambrian. ProtortMs, along with its subgenus Lo-peria, is first known in the central portion

of the Middle Cambrian; it disappears toward the close of the Upper Cambrian. Billingsella

is known from the central Lower Cambrian and on to nearly the close of the Upper Cambrian.

Of the genera of the Billingsellidse other than Billingsella, Wynnia occurs in the Middle

Cambrian. Orusia appears in the upper portion of the Middle Cambrian and continues well

up into the Upper Cambrian, and Otusia is found in the upper part of the Middle Cambrian.

None of these genera appear to have had descendants in Ordovician time. Wimanella,

although a more primitive form than Billingsella, is not known to occur as low down in the

Lower Cambrian, and its upper range is only to the upper portion of the Middle Cambrian.

It is derived from the Billingsella radicle.

Eoorihis is first knowai from the lower portion of the Middle Cambrian and continues

through the Upper Cambrian into the Ordovician. Its line of evolution through Billingsella

appears to have been from the same radicle as Nisusia, which occurs in the upper portion of

the Lower Cambrian. The genus Finltelnburgia is derived from Eoortliis in the lower portion

of the Upper Cambrian. The Ordovician genus OrtMs is assumed to have developed from

Eoorihis in late Cambrian time, and Eostrophomena in the earl}^ Upper Cambrian.

Sijntrophia, beginning in the lower Middle Cambrian, continues into the Ordovician, and

appears to have descendants in Clarkella and in Huenella.

Swantonia suggests the Rhynchonellidse in form, but it has a spondylium and it majr have

been the progenitor of both SijntropMa and ProtortMs. It is represented in the diagram as

an offshoot from the radicle of Nisusia, without descendants. A review of the characters of

the various subgenera of Orthis from the Ordovician strata leads us to expect to find repre-

sentatives of DinortJiis in the Cambrian. According to Hall and Clarke [1892a, p. 195] this

form is characterized by having the ventral valve depressed so that it is flat or concave

over the pallial region, in this respect resembling Hehertella [Hall and Clarke, 1892a, p. 198].

Among Cambrian forms ProtortMs (Loperia) dugaldensis (PI. XCIX, figs. 5, 5a-h) of the

Middle Cambrian has the depressed ventral valve, but otherwise it differs from DinortMs in

having a spondylium in the ventral valve and in the absence of a cardinal process in the dorsal

valve. Thus far there appear to be no representatives of OrtMs, Plectorihis, OrtliostropMa,

PlatystropMa, HeterortMs, Bilohites, Dalmanella, or other Ordovician or Silurian orthoids

among the Cambrian species. In endeavoring to trace a genetic connection between the

Cambrian Billingsellidse and the Orthidse of the Ordovician we are met at once with the great

hiatus caused by lack of material for study and comparison from the formations between the

Upper Cambrian and the Middle Ordovician. The Orthidse of the Middle Ordovician include

a large group of brachiopods, differing radically from the Billingsellidse in shell structure,

whose ancestral line in the Lower Ordovician and Upper Cambrian is unknown. That this

break will be filled is highly jsrobable, but meantime the more or less conjectural lines of

descent of various authors must be carefully reviewed in each case in connection with all the

stratigraphic and paleontologic evidence afforded b}'' all known Lower Ordovician formations,

especially in the American and European areas. Systematic studies now in progress by

members of the United States Geological Survej'' may afford much valuable information that

will be of service in this connection.
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CLASSIFICATION.

That we may have a graphic illustration to aid in description, the following table and
scheme are inserted. The ordinal classification of Beecher [1891], with emendations, is taken
as the basis for the orders, while the arrangement of superfamilies is practically that of

Schuchert [1897], with such emendations and additions as greater information has rendered
necessary.

Table of classification of Brachiopoda.

Rustellidse Ruatella.

Paterinidse.

"Mickwitzia.
Micromitra.

(Paterina).

(Iphidella).

Volborthia.
.(?)Helmerseiiia.

'urticiidae Curticia.

Obolinse.

Elkaniinae.

Neobolinse.

Biciina;

Obolus.
(Broggeria).

(Palaobolus).
(Fordinia).

(Lingulobolus).
(Miokwitzella).
(Acritis).

(Schmidtia).
(Westonia).

I-ingulella.

(Leptembolon).
(Liugulepis).

Delgadella.

.Elkania.

NeoboluB.

Kutorginida;

Schuchertinidse

.

/Bicia.

'iDicellomua.

.Kutorgina.

. Schuchertina.

Obolellidse.

Siphoiiotretidae.

i
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Order ATREMATA Beeclier [1891, p. 354].

(Emended Schuchert [1897, p. 119] and Walcott [1908e, p. 142].)

Primitive inarticulate corneous or calcareophosphatic Brachiopoda with the pedicle

emerging more or less freely between the two valves. Growth takes place in general around

the anterior and lateral margins. SpeciaUzed forms show tendency to develop rudimentary

articulation. Delthyrium originally unmodified, in later genera modified by pseudodeltidia

and pseudochUidia, or by thickened, striated, and more or less furrowed or even cleft vertical

cardinal margins, the ventral cleft in most specialized forms tending to inclose the pedicle and

finally restrict it to the ventral valve; when completely so the genera are referred to the order

Neotremata.
SuperiamUy RTISTELLACEA Walcott [1908e, p. 143].

Primitive, thick-shelled, corneous or calcareophosphatic Atremata developing more or

less of pseudodeltidia and pseudochilidia.

Family RUSTELI,ID.ff; Walcott [1908e, p. 1431.

Primitive Rustellacea with the delthyrium small, open, and not much modified by pseudo-

deltidia or pseudochilidia. Muscle scars and vascular sinuses not well defined in the shell.

Rustella Walcott [1905a, p. 311].

Family PATERIinD.a; Schnchert [1893, p. 151].

(Emended Schuchert [1897, p. 119] and Walcott [1908e, p. 143].)

Progressive Rustellacea with the delthyrium more or less closed by pseudodeltidia or

pseudochilidia.

Mickwitzia Schmidt [1888, p. 24].

Micromitra Meek [1873, p. 479].

iPaterina) Beecher [1891, p. 345].

. (IpUdella) Walcott [1905a, p. 305].

VolhortUa Kutorga [1848, p. 277].

{VjEelmersenia Pander [1861, p. 48].

SuperiamUy OBOLACEA Schuchert [1896, p. 305].

(Emended Schuchert [1897, p. 119] and Walcott [1908e, p. 143].)

Derived (in Rustellacea), progressive, thick-shelled, calcareophosphatic or corneous Atre-

mata without pseudodeltidia and pseudochihdia. Rounded or Itnguloid in outhne, more or

less lens-shaped, and fLxed by a short pedicle throughout life to extraneous objects.

Family CTJRTICIID^ Walcott and Schuchert fWalcott, 1908e, p. 143).

Primitive Obolacea with a high well-defined delthyrium. Interior characters much as in

Obolidse.

Curticia Walcott [1905a, p. 319].

Family OBOLID.a: King [1846].

(Emended Schuchert [1897, p. 119] and Walcott [1908e, p. 143].)

Derived, progressive Obolacea with thickened, striated, vertical cardinal areas traversed

by pedicle grooves. Muscles and vascular trunks strongly impressed in the valves.

Subfamily OBOLIN^ Dall [1870, pp. 154 and 161).

(Emended Walcott [1908e, p. 143].)

Primitive Obolidse with the pedicle grooves more or less shallow or deeply rounded, but

never tending to form a sheath or to completely restrict the pedicle opening to the ventral

valve. The radicle of the Trimerellidse, by way of the Neobolin^, appears to be in this sub-

family in the thick-shelled Middle Cambrian forms of Obolus (s. s.).
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Oholus Eichwald [1829, p. 274].

(Broggeria) Walcott [1902, p. 605].

(Palseobolus) Matthew [1895b, p. 201].

(Fordinia) Walcott [1908d, p. 64].

{Lingulobolus) Matthew [1895b, p. 260].

{Mickwitzella) Walcott [1908d, p. 70].

{Acritis) Volborth [1869, p. 212].

(ScJimidtia) Volborth [1869, p. 208].

(Westonia) Walcott [1901, p. 683].

Lingulella Salter [1866b, p. 333].

{Leptembolpn) Mickwitz [1896, p. 199].

(Lingulepis) Hall [1863, p: 129].

Delgadella Walcott [1908e, pp. 142 and 144].

SubfamUy ELKAiraN.ffi Walcott and Schuchert [Walcott, 1908e, p. 144].

Divergent Obolidse with posterior or marginal (not central) platforms, to which are attached

the central and outside and middle lateral muscles.

ETkania Ford [1886b, p. 325].

Subfamily NEOBOLIN.!: Walcott and Schuchert [Walcott 1908e, p. 144].

Progressive Obolidse with posterior platforms, to which were probably attached ths central

and outside and middle lateral muscles. Subfamily apparently progressive from the Obolinse

to the Trimerellidse, though the platform is posterior and not subcentral as in the trimerelloids.

Neobolus Waagen [1885, p. 756].

Subfamily BICIIIT^ Walcott and Schuchert [Walcott, 1908e, p. 144J.

Progressive Obolidse with the pedicle restricted to the ventral valve and more or less

inclosed by a pedicle tube, and with rudimentary articulation. The transgressing stock from
the Atremata to the Neotremata (Obolellidse)

.

Bicia Walcott [1901, p. 676].

Dicellomus Hall [1873, p. 246].

Superiamily KTJTOBGINACEA Walcott and Schuchert [Walcott, 1908e, p. 144].

Progressive, thick-shelled, almost calcareous atrematous-like shells, tending to be trans-

verse and developing rudimentary articulation, more or less rudimentary cardinal areas, pseu-

dodeltidia, and muscle scars prophetic of the Protremata. Derived out of Rustellacea.

Family KirTOE,GIlIID.ffi; Schuchert [1893, p. 151].

(Emended Schuchert [1897, p. 131] and Walcott [1908e, p. 145].)

Progressive transverse Kutorginacea with rudimentary cardinal areas, great delthyrial

opening, rudimentary articulation, and immature pseudodeltidia. Muscle scars prophetic of the
Strophomenacea.

Kutorgina Billings [1861b, p. 9].

Family SCHirCHERTINID.ffi Walcott [1908e, p. 145].

Primitive round Kutorginacea with small cardinal areas. Externally like Oholus, with an
open subtriangular delthyrium which apparently is without a pseudodeltidium. Muscle scars

and vascular markings prophetic, through the BilhngselUdse, of the Strophomenacea.
Schuchertina Walcott [1905a, p. 323].

Order NEOTREMATA Beecher [1891, p. 354].

(Emended Schuchert [1897, p. 129] and Walcott [1908e, p. 145].)

Derived and specialized inarticulate Brachiopoda (through the Obolidse of the Atremata),

as a rule more phosphatic than calcareous, more or less cone-shaped, with the pedicle emerging
during life through a perforation or sheath in the ventral valve, or a triangular more or less
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open cleft, or only so in the youngest-shelled stage, after which the ventral valve becomes
attached by a pedicle to foreign objects. Pedicle cleft in derived forms modified by a listrium.

Pseudodeltidia and pseudochilidia as a rule not well developed.

Superiamily SIPHONOTEETACEA Walcott and Schucliert [Walcott, 1908e, p. 145].

Primitive, thick-shelled, calcareous or corneous, oboloid Neotremata, with the pedicle

passing through a ventral sheath, the aperture of which may remain apical and circular in

outline, or it may become elongate through resorption by passing anteriorly through the pro-

tegulum and umbo of the shell. A listrium is not developed. Dorsal protegulum marginal.

Family OBOLELLID.a; Walcott and Schuehert [Walcott, 1908e, p. 145].

Primitive Siphonotretacea with the pedicle emerging through a small circular perforation

in the apex of the ventral valve, posterior to the protegulum. Derived out of the Obolidse.

Oholella Billings [1861b, p. 7].

(Glyptias) Walcott [1901, p. 675].

Botsfordia Matthew [1891, p. 148].

Schizopholis Waagen [1885, p. 752].

(?) Quebecia Walcott [1905a, p. 320].

Family SIPHONOTRETIDa; Kutorga [1848, p. 2S3].a

(Emended Schuehert [1897, p. 130] and Walcott [1908e, p. 146].)

Progressive Siphonotretacea with the circular or elongate pedicle opening at the apex or

passing by resorption anteriorly tlirough the protegulum and the umbo of the shell.

YorJcia Walcott [1897b, p. 714].

Dearbornia Walcott [1908d, p. 78].

Trematobolus Matthew [1893a, p. 276].

ScUzambon Walcott [1884b, p. 69].

Si-phonotreta de Verneuil [1845, p. 286].

Keyserlingia Pander [1861, p. 46].

Superfamily ACBOTBETACEA Schuehert [1896, p. 308].

(Emended Schuehert [1897, p. 129] and Walcott [1908e, p. 146].)

Progressive Neotremata with corneous or calcareocorneous shells. The pedicle opening

is a simple, circular, more or less conspicuous perforation through the apex of the ventral valve.

Dorsal protegulum marginal.

Family ACE,OTRETID.a; Schuehert [1893, p. 150].

Same characters as superfamily.

Subfamily ACROTHELINiE Walcott and Schuehert [Walcott, 1908e, p. 146].

Depressed large Acrotretidse.

AcrotJiele Linnarsson [1876, p. 20].

(RedlichdU) Walcott [1908d, p. 89].

Discinolepis Waagen [1885, p. 749].

Subfamily ACROTaETINiE Matthew [1903, pp. V4 and 91].!>

Small Acrotretidse with more or less liigh ventral valves.

Linnarssonella Walcott [1902, p. 601].

Acrotreta Kutorga [1848, p. 275].

Acroihyra Matthew [1901b, p. 303].

Discinopsis (Matthew MS.) Hall and Clarke [1892c, p. 105].

a Described as Siphonotretaese. ' Wrongly credited to Walcott and Schuehert [Walcott, 19D8e, p. 146].
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Superiamily DISCINACEA Waagen [1885].

(Emended Schuchert [1897, p. 130] and Walcott [1908e, p. 146].)

Derived Neotremata with phosphatic shells, a listrium modifying the pedicle slit, and

without pseudodeltidia and false cardinal areas. Dorsal protegulum usually subcentral.

Family DISCINID.ffi Gray [1840].

(Emended Schuchert [1897, p. 130] and Walcott [1908e, p. 146].)

Discinacea with an open pedicle notch in early life in the posterior margin of the ventral

valve, which is closed posteriorly during neanic growth, leaving a more or less long, narrow

slit partly closed by the listrium.

Orbiculoidea d'Orbigny [1847].

Superfamily CRANIACEA Waagen [1885].

Cemented calcareous specialized Neotremata without pedicle or anal openings at maturity.

FamUy CE,AimD.ffi King [1846J.

Craniacea with the pedicle functional probably onlj^ during nepionic growth.

PMRedra Koken [1889, pp. 465, 467].

Order PK.OTK.EMATA Beecher [1891, p. 355].

(Emended Schuchert [1897, p. 131] and Walcott [1908e, p. 147].)

Progressive (though atrematous Kutorginacea), articulate calcareous Bracliiopoda with

well-developed cardinal areas. The pedicle opening is restricted to the ventral valve through-

out life or during early growth, and is often modified and more or less closed by a deltidium.

Often there is a cliilidium. Bracliia unsupported by a calcareous skeleton other than crura.

Superfamily ORTHACEA Walcott and Scliuchert [Walcott, 1908e, p. 147].

Derived, progressive Protremata. Cruralia and rudimentary spondylia (pseudospon-

dylia) free or cemented (through sessility) directly to the valves. Sometimes without deltidia

and chilidia. Cardinal process more or less well developed except in the most primitive genera.

FamUy BILLIITGSELLID.ffi Schuchert [1893, p. 152].

(Emended Schuchert [1897, p. 132] and Walcott [1908e, p. 147].)

Primitive Orthacea with an open or more or less closed delthyrium. Cardinal process well

developed, rudimentary, or absent. Usually with a clearly defined pseudospondylium, to which
the muscles of the ventral valve were attached. Shell structure dense, granular, lamellar,

nonfibrous.

Subfamily NISTTSIIN.ffi Walcott and Schuchert [Walcott, 1908e, p. 147

Primitive Orthacea with more or less well-developed deltidia and with or without rudi-

mentary cliilidia. Spondylia and cruralia rudimentary or small and not supported by septa.

Cardinal process rudimentaiy or absent.

Nisusia Walcott [1905a, p. 247].

(JameseUa) Walcott [1905a, p. 252].

Protorthis Hall and Clarke [1892c, p. 273].

(Loperia) Walcott [1905a, p. 287].

SubfamUy BILLINGSELLItf.ffi Walcott [1908e, p. 148].<i

Primitive Orthacea very much like Nisusiinaj, but without true spondylia and cruralia.

There is a more or less well-developed cardinal process except in Lower Cambrian forms.

Wimanella Walcott [1908d, p. 98].

Billingsella Hall and Clarke [1892b, p. 230].

Orusia Walcott [1905a, p. 27.3]..

Otusia Walcott [1905a, p. 246].

Wynnia Walcott [1908e, pp. 142 and 148].

o This subfamily is wrongly referred to Schuchert, 1893, by Walcott [IQOSe, p. 148).
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Subfamily EOOETHINiE Walcott [1908e, p. 148J.

Derived Orthacea neariy always with large open delthyria; deltidia and chilidia occasion-

ally retained tliroughout life, but more often only in the younger-growth stages. Cardinal

process well developed. Shell structure dense, granular, and with punctate lamellae.

Eoorihis Walcott [1908d, p. 102].

FinTcelnburgia Walcott [1905a, p. 277].

Superiamily STROPHOMENACEA Schuchert [1896, p. 312].

(Emended Schuchert [1897, p. 131] and Walcott [1908e, p. 148].)

Derived, progressive, terminal Protremata, out of Orthacea (Billingsellidse) . Deltidia and

chilidia nearly always well developed. Cardinal process always well developed.

Family STROPHOMENIDiE King [1846].

SubfamUy RAriNESQUIN.a: Schuchert [1893, p. 153].

(Emended Schuchert [1897, p. 132] and Walcott [1908e, p. 148].)

Strophomenoids having generally a convex ventral and a concave or nearly flat dorsal

valve.

Eostrophomena Walcott [1905a, p. 256].

Superfamlly PENTAMERACEA Schuchert [1896, p. 320].

(Emended Schuchert [1897, p. 134] and Walcott [1908e, p. 148].)

Specialized Protremata with well-developed free or supported spondylia and cruralia.

Deltidia and chilidia usually absent.

Family STNTROPHIID.ffi Schuchert [1896, p. 320].

(Emended Schuchert [1897, p. 135] and Walcott [1908e, p. 148].)

Primitive Pentameracea with long, straight cardinal areas.

(?) Swantonia Walcott [1905a, p. 296].

Syntrophia Hall and Clarke [1892c, p. 270].

Huenella Walcott [1908d, p. 109].

Olarlella Walcott [1908d, p. 110].



DESCRIPTION OF GENERA AND SPECIES.

Order ATREMATA Beecher.

[a, without; and zprnmj perforation.]

Superfamily EUSTELLACEA Walcott.

Family RUSTELLID^ Walcott.

Genus BXJSTEIiLA Walcott.a

Rustella Walcott, 1905, Proc. IT. S. Nat. Mus., vol. 28, p. 311. (Mentioned as a new genus, the type species being

described.)

Rustella Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 143. (Classification of genus.)

This genus is founded on Rustella edsoni Walcott. It appears to be the most primitive

form of brachiopod known. The single specimen of Rustella .? major (Matthew) does not add
to our knowledge of this genus, and it may belong to some other genus.

The generic name is given in memory of WUliam P. Rust, of Trenton Falls, Oneida County,
New York, whose collections from the Lower Cambrian strata of Georgia, Franklin County,
Vermont, were the most extensive and the material the finest obtained there, so far as known
to me.

Rustella edsoni Walcott.

Plate 1, figures 1, la-e.

Oholella (Kutorgina) cingulata Billings (in part), 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 8, fig. 9 (not

figs. 8 and 10, which represent specimens of the true Kutorgina cingulata). (Described and discussed as a new
species.)

Oholella {Kutorgina) cingulata Billings (in part), 1861, Report on the Geology of Vermont, vol. 2, p. 948, fig. 348 (not

figs. 347 and 349). (Copy of preceding reference.)

Oholella {Kutorgina) cingulata Billings (in part), 1862, Report on the Economic Geology of Vermont, by Hager, p. 220,

fig. 348 (not figs. 347 and 349). (Copy of preceding reference.)

Oholella cingulata Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, p. 284, fig. 287c (not figs. 287a and
287b, which represent specimens of the true Kutorgina cingulata and are copied from Billings, 1861b, p. 8, figs.

8 and 10, respectively). (No text reference. Fig. 287c is copied from Billings, 1861b, p. 8, fig. 9.)

Kutorgina cingulata Walcott (in part) [not (Billings)], 1886, Bull. U. S. Geol. Survey No. 30, p. 103, PI. IX, figs. Ig

and Ih (not figs. 1, la-f, which represent specimens of the true Kutorgina cingulata). (Specimens now referred

to Rustella edsoni are here mentioned in the discussion of Kutorgina cingulata as representing a possible distinct

species. The specimens represented by figs. Ig and Ih are redrawn in this monograph, PL I, figs, la and 1,

respectively.)

Kutorgina cingulata Walcott (in part) [not (Billings)], 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 609, PL LXIX,
figs. Ig and Ih (not figs. 1, la-f, which represent specimens of the true Kutorgina cingulata). (No text reference.

Figs. Ig and Ih are copied from figs. Ig and Ih of the preceding reference.)

Rustella edsoni Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 311-312. (Described and discussed as below as a
new species.)

General form subcircular, biconvex. Ventral valve moderately convex, with the apex at

the margin immediately above a low arch in the posterior margin. Surface smooth except for

concentric growth lines and low ridges that in some shells are quite promment. A shallow,

broad, rudimentary pedicle groove occurs beneath the apex and on a slightly flattened space
adjoining the posterior margin. Dorsal valve about as convex as the ventral and with the apex
marginal. The interior of the valve shows two rounded depressions beneath the umbo with a

slight, narrow groove between them; a Uttle in advance the outlines of the central muscle
scars occur; rather strong but faintly indicated radiating lines occur toward the front.

a Before Rustella was proposed by Walcott [1905a, p. 311] the species now included under the genus were placed in the following genera:

ObofcZraCffiifoi-yiTja) Billings [1861b, p. 8; 1861c, p.

948; 1862e, p. 220].

ObolelU BiUings [1863, p. 284).

Kutorgina Walcott [1886b, p. 103].

Oiolus Matthew [1890, p. 155].

Kutorgina Walcott [lS91a, p. 609].

Mickwitzia Mickwitz [1896, p. 23].
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Observations.—This shell was identified as the dorsal valve of Kutorgina cingulata by Bill-

ings [1861b, p. 8, fig. 9] and as the ventral valve of the same species by myself [1886b, p. 102,

PL IX, figs. Ig and Ih, and 1891a, p. 609, PI. LXIX, figs. Ig and Ih]. They were considered

as distorted, flattened shells. Better material shows them to represent one of the simplest

forms of brachiopod known; with the exception of the rudimentary pedicle furrow and area

there is nothing more than the gapmg valve, much Hke Charles E. Beecher's ideal "Paterina"

[1891, p. 345].

The specific name is given in recognition of the excellent work of Mr. George Edson, of

St. Albans, Vermont, in collecting the Lower Paleozoic fossils of that region.

Formation and locality.—Lower Cambrian : (25) " Sandstone just above Parker's quarry, near Georgia; and (319r)

on the BuUard farm about 2 miles (3.2 km.) east of Swanton; both in Franklin County, Vermont.

(392o) Arenaceous limestone collected somewhere in Vermont (exact location unknown).

(49) Sandstone on Codorus Creek, 0.125 mile (0.2 km.) below Meyer's mill, near Emigsville; and (49a) sand-

stone on the Liverpool road, south of the schoolhouse, 3 miles (4.8 km.) northwest of York; both in York County,

Pennsylvania.

RusTELLA? MAJOR (Matthew).
u

Text figure 19.

Obolus ? major Matthew, 1890, Trans. Roy. Soc; Canada tor 1889, 1st ser., vol. 7, sec. 4, No. 12, p. 155, PI. VIII, fig. 3.

(Described and discussed as a new species; see below for copy of description. The specimen represented by

fig. 3 is redrawn below, fig. 19.)

Mickwitzia? major (Matthew), Mickwitz, 1896, M6m. Acad. imp. sci. St.-P^tersbourg, 8th ser., vol. 4, No. 2, p. 23.

(Discussed in German.)

The original description by Matthew follows:

Only the dorsal valve known. This is transversely oval, flattened near the umbo,

and deep within the edges toward the back of the shell.

The interior markings seem those of an Obolus. The median line is strongly marked
just within the umbo, and at the middle of the shell, in front of which it appears to fork.

The scars of the posterior laterals only are distinct.

A A. rpj^g example known shows the interior of the shell and a little of the external surface.

Figure n.—P.ustella? major The shell was thin, and is changed to iron oxide. The outer surface near the edge of the
(Matthew). A, A '.Cast from a shell was covered by fine radiating lines or ridges,
natural mold in sandstone;

side outline restored. From Observations.—The type and only specimen of this form is preserved
Locality 301v, Lower Cam- -'.^ •' '^

• • i i ii i i i

iDrian shales on Hantord as a natural mold m an impure sandstone; the origmai shell had been
Brook, New Brunswick,

j-gmovcd, and the resulting mold is very similar to those of Rustella
The original mold is in the ' ^

n • i -i
• i

collections of the University edsoni (PI. I, figs. 1 and la) from a finc-gramed sandstone; m the case
of Toronto. The cast from

^^ ^^yq latter sDCcies oiily a film remains to indicate the original shell, while
which the figure was drawn is ^ *: iiii-i i iin*i
in the collections of the u. s. in the calcareous nodules embedded in the sandstone the shell is shown
National Museum, Cat. No. ^ ^ f considerable tliickness.
51462. This specimen was .....
figured by Matthew [1890, PI. The reference to the genus Rustella is based on the similarity m
vin, fig. 3].

gj^g ^^^ form between this species and Rustella edsoni and the fact that

Rustella? major occurs at about the same stratigraphic horizon in the Lower Cambrian as R.

edsoni and below the recognized Middle Cambrian fauna. At the same locaHty and at about

the same horizon I found several Lower Cambrian fossUs: Micromitra (Paterina) labradorica,

Hyolitlies cf. communis, Goleoloides cf. typicalis [Walcott, 1900, p. 322].

Formation and locality.—Lower Cambrian: (301v [Matthew, 1890, p. 155]) Sandy shales of Division 2b of the

"Basal series" of Matthew, on Hanford Brook, St. John County, New Brunswick, Canada.

a The type locality is in italics; where there is but one locality, however, this will not be italicized. When a locality is not represented in

the collections of the United States National Museum, the authority for its citation is given immediately after the locality number, or at the end of

the paragraph, if several can be grouped under the one reference.
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Family PATERINID^ Scliiicliert.

Geniis MICKWITZIA Schmidt.a

Miekwitzia ScHiiroT, 1888, M^m. Acad. imp. sci. St.-Petersbourg, 7th ser., vol. 36, No. 2, p. 24, (Described in German
as a new genus.)

Miekwitzia Schmidt, Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, p. 246. (De-

scribed.)

Miekwitzia Schmidt, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 562. (Copy

of preceding reference.)

Miekwitzia Schmidt, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 86-87. (Described

and discussed.)

Causea Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, pp. 53-54. (Described and discussed in

German as a new genus, the description being incorporated with that of the type species, Causea formosa.)

Miekwitzia Schmidt, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 143. (Classifica-

tion of genus.)

Shell large, unequivalve. Ovate or subcircular, with apex of valves within the margin

and erect, or curved over the margin. A false cardinal area may or may not be obscurely defined;

valves not articulated. Shell substance mostly calcium phosphate and arranged in three prin-

cipal layers. The outer layer is papillose, with fine and large punctae; middle layer marked
by numerous radiating and concentric, more or less elevated lines and small punctse that become
very numerous toward the front margins of the shell; inner layer marked by large punctse or

vertical canals and often a thickening of shell substance that takes the form of irregular ser-

pentine ridges penetrated by vertical canals.

Type.—Lingula f raonilifera Linnarsson.

Observations.—Both Schmidt [1888, p. 24] and Hall and Clarke [1892c, pp. 86-87] define

and discuss this genus, but with the new material I have for study, a new diagnosis has been

prepared. The genus appears to fall within the order Atremata Beecher [1891, p. 354] and
the family Paterinidse Schuchert [1897, p. 119]. The latter family has heretofore included

only the genus Micromitra. The species of Mickmtzia include chitinous or phosphatic shells

with elevated ventral valve, having an apex elevated witliin the margin {Miekwitzia forTnosa

(Wiman)), or arching over the margin (Miekwitzia monilifera (Linnarsson)). Mieromitra has a

clearly marked area and pseudodeltidium, in this resjject being further advanced in evolution

than Miekwitzia. A series of shells of Miekwitzia might show a more strongly marked false

area in the young shell than in the adult forms.

The generic name was given in honor of Dr. A. Mickwitz.

MiCKwiTziA FORMOSA (Wiman).

Plate VI, figures 3, 3a-c.

Causea formosa Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, pp. 53-54, PI. II, figs. 1-5. (De-

scribed and discussed in German as a new species. The specimen represented by figs. 1-5 is redrawn in this

monograph, PI. VI, figs. 3, 3a-c.)

OutUne of ventral valve circular; apex a little in front of the posterior margin, strongly

elevated, and rising vertically above a broad, obscurely defined false area. The area is defined

by a rounded angle where the transverse, sUghtly convex posterior surface below the apex
unites with the lateral slopes from the apex. The posterior margin is sHghtly arched, so as

to form an opening between it and the dorsal valve.

Only the inner layers of the shell are preserved on the type specimen, the outer epidermal

layer having been exfohated. On the posterior portion of the shell the second or middle layer

has the radiating and concentric fines typical of Miekwitzia monilifera (Linnarsson). Toward
the front the layer of shell is marked by faint radiating lines and many fine punctae, exactly

as in specimens of M. monilifera, where the outer layer is exfohated. This type of surface is

a Prior t^ the definition of Miekwitzia by Schmidt [18SS, p. 24], the species now referred to this genus were placed under the following genera:

Linmla Linnarsson [1869a, p. 344; 1869b, p. 398]. Obolus Linnarsson [1871, pp. 9-10].
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shown by Plate VI, figure Ik, except that the punctse are very few on the center of the shell,

which is the part enlarged by the figure. The inner layer of shell of M.formosa has numerous
large punctse that penetrate it, and also the irregular serpentine ridged shell deposits charac-

teristic of tliis species and of many adult shells of M. monilifera.

Ohservations.—Wiman [1902, p. 53] created the genus Oausea to receive this species. He
very kindly sent me the type material for study, and with it a fine collection of M. monilifera

(Linnarsson) . I am unable to determine generic distinctions between the two species. The
shell substance and structure are the same, so far as material exists for comparison. Mickwitzia

formosa has a more elevated apex and is a much larger shell, but these are specific rather than

generic distinctions.

Formation and locality.—Middle? Cambrian: (3111 [Wiman, 1902, p. 57]) Drift bowlder of bluish calcareous

sandstone, No. 31, on Biludden, about fO miles {32.2 km.) east ofGefle, Province ofGefleborg, Sweden.

(311s [Wiman, 1902, p. 57]) Drift bowlder of gray quartzitic sandstone, at SkarpnS,t6, Aland Island, Finland,

Russia.

Mickwitzia monilifera (Linnarsson).

Plate VI, figures 1, la-p; Plate LIX, figure 2.

Lingulaf monilifera Linnarsson, 1869, Ofversigt af K. svensk. Vet.-Akad. Forhandl. for 1869, Bd. 26, No. 3, p. 344,

PI. VII, figs. 1 and 2. (Described and discussed in Swedish as a new species.)

Lingula monilifera Linnarsson, 1869, Geol. Mag., vol. 6, p. 398, Pi. XI, figs. 1 and 2. (Text translated into English from

Linnarsson, 1869a, p. 344. Figs. 1 and 2 are copied from Linnarsson, 1869a, PI. VII, figs. 1 and 2.)

Obolusf monilifer Linnarsson, 1871, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 9, No. 7, pp. 9-10, PI. I, figs.

2 and 3. (Described and discussed in Swedish.)

Mickwitzia monilifera (Linnarsson), Schmidt, 1888, Mem. Acad. imp. sci. St.-P6tersbourg, 7th ser., vol. 36, No. 2,

pp. 21-23 and 24-25, PL II, figs. 6-26. (Described and discussed in German. Figs. 12c and 12d are copied

in this monograph, PI. VI, figs. Ip and lo, respectively.)

Mickwitzia monilifera (Linnarsson), Walcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, PI. LXX, figs. 2, 2a-h.

(No text reference. Figs. 2, 2a-f are copied from Schmidt, 1888, PI. II, figs.. 16a, 16c, 16b, 12b, 12c, 12d, and
12a, respectively. Fig. 2h is copied from Linnarsson, 1871, PI. I, fig. 2.)

Mickwitzia monilifera (Linnarsson), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for

1891, figs. 253-255, p. 246. (No text references. Figs. 25^-255 are copied from Schmidt, 1888, PI. II, figs. 14a,

8b, and 16b, respectively.)

Mickwitzia monilifera (Linnarsson), Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891,

figs. 253-255, p. 562. (Copy of preceding reference.)

Mickwitzia monilifera (Linnarsson), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 86,

figs. 42-44. (No text reference. Figs. 42-44 are copied from Schmidt, 1888, PI. II, figs. 14a, 8b, and 16b,

respectively.)

Mickwitzia monilifera (Linnarsson), Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 53, PI. II,

figs. 12-14, PL IV, figs. 2 and 3. (Characterized and discussed in German.)

General form ovate to subcircular; biconvex or subplanoconvex.

Surface of exterior of the shell papillose; each papilla is about as high as the width of

its base, and the apex is perforated by a minute tube. There appears to be no systematic

arrangement of the papillae; they are thickly set over the entire surface of a dorsal valve 20 mm.
in diameter; on some parts of the shell the papillae are closely arranged in undulating, irregular

ridges; these, when worn by attrition, have the appearance shown by Plate VI, figure Im. This

outer surface is rarely pi-eserved, as it usually adheres to the matrix, leaving the second layer

exposed to view. The layer of shell immediately beneath the outer shell is marked by concentric,

elevated, minutely undulating, raised, closely set lines that are crossed by fine, radiating, closely

set raised lines (PL VI, figs. Ik and 1 1) ; this is the surface illustrated by Linnarsson [1869b,

PI. XI, fig. 2] and Schmidt [1888, PL II, fig. 21]; it is seen on most specimens preserving the

shell. The distance from the apex, condition of preservation, etc., cause great variation in the

appearance of the inner layer. Scattered punctse penetrate the inner layer, and often the

depressions between the concentric and radiating raised lines give the surface a fiiiely and
regularly pitted or punctate appearance. On some shells the punctse are numerous and regu-

larly arranged toward the front of the shell. The inner surface of the inner layer of the shell

is marked by strong punctse in adult shells. Frequently a shell deposit is found over the inner
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surface which is punctate and curiously ridged, very much Hke the outer surface in partly worn
shells. (See PI. VI, fig. Im, of the outer surface.)

Substance of shell mostly calcium phosphate [Schmidt, 1888, p. 23]. The shell is thick in

small shells, b\it does not increase proportionately in thickness with age.

The largest shell in the collection before me has a length of 32 mm., exclusive of extension

of apex over area ; width 30 mm.
Ventral valve convex, with apex projecting a little over the posterior margin. A false area

is more or less definitely outlined ; in some specimens it is quite clear and in others very indefi-

nite ; it is much like some of the less clearly defined false areas of species of Micromitra. When
well defined the posterior margin of the valve arches slightly, as in Plate VI, figure le.

Dorsal valve slightly convex, with a very low submarginal apex. The interior of the valve

is usually without traces of muscular or vascular markings. In one worn shell a median sinus

occurs, and what appears to be the path of advance of the anterolateral muscle scars (PI. VI,

fig. If) ; another unworn shell shows a trace of radiating lines near the median line ; and a third

has two plainly marked muscle scars a little in advance of the apex and some distance from the

median line ; these occupy the position of the posterior muscle scars as they occur in the dorsal

valve of ScMzocrania.

Observations.—The preceding description is based on specimens in the collection of the

United States National Museum. Mr. Schmalensee, a collector in the Geological Survey of

Sweden, at my request collected a number of fine specimens for the. United States National

Museum. The museum has also received a number of casts from other sources.

Schmidt [1888, p. 22] describes a hooked process as occurring in a cast of a dorsal valve.

After noting his expression of doubt as to whether the process belonged to the shell, and also

after a study of the interiors of finely preserved dorsal valves, I can not retain the view that

such a process exists in the dorsal valve of this species. We may attribute the apparent occur-

rence of it in the cast studied by Schmidt to the accidental attachment of some foreign body,

or it may be that the cast belongs to some other genus and species.

There is no other species of the genus that is closely related to Mickwitzia monilifera; M.

formosa has the same general character of shell, but its ventral valve is more erect, much larger,

and it difi^ers a Httle in the details of the surfaces of the interior layers of the shell.

Formation and locality.—Middle? Cambrian: (3111 [Wiman, 1902, p. 57]) Drift bowlder of bluish calcareous

sandstone, No. 31, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of Gefleborg; and (311u [Wiman,

1902, p. 57]) drift bowlder of blue calcareous sandstone, Soderarm lighthouse, near Norrtelje, Province of Stockholm;

both in Sweden.

(311e) Drift bowlder of rusty sandstone, south of Lumparn, parish of Jomala; (311f) drift bowlder of gray quartz-

itic sandstone, at Slemmem, Mariehamn; (311c() drift bowlder of gray quartzitic sandstone, at Yttemaset, Mariehamn;

and (311r) drift bowlder of gray quartzitic sandstone, at Granboda, Lemland; all [Wiman, 1902, p. 57] on Aland Island,

Finland, Russia.

Lower Cambrian: (390j) Eophyton sandstone at Lugnas, 8 miles (12 km.) south-southwest of Mariestad, Province

of Sharaborg; and (390k) Eophyton sandstone at Prestorp, north of the hill of Billingen, Province of Skaraborg; both

in Sweden.

(396q) Upper boundary of the blue clay with the Fucoid sandstone, the "Mickwitzia conglomerate" at Reval;

(396r) in the "upper strata" at Streitberg, near Reval; (396s) in loose blocks on Kosch Brook near Likkat, near Reval;

(396t) at the sandstone capes of Ziegelskoppel, Kakkomaggi (also Rocca al Mare), near Reval; (396u) in loose blocks

on the lower course of Jaggowal Brook, about 20 miles (32.2 km.) east-southeast of Reval; (396v) at the upper boundary

of a dolomitic sandstone with which the Olenellus stratum begins, below the cement factory on Kunda Brook;" and

(396w) in the glauconitic sands above the main mass of the clay, below the cement factory on Kunda Brook; all [Schmidt,

1888, p. 24] in the Government of Esthonia, Russia.

Mickwitzia ocoidens Walcott.

Plate VI, figure 4.

Mickwitzia ocoidens Walcott, 1908, Smithsonian Misc. Coll., vol. 8, No. 3, p. 54, PI. VII, fig. 1. (Described as below

as a new species. Fig. 1 is copied in this monograph, PI. VI, fig. 4.)

Only crushed and broken specimens of this shell are available. One of these shows that

the apex of the ventral valve was a little above the posterior margin of the shell, very much as

a Specimeris of this species from the locaUty on Kunda Brook are included in the collections of the United States National Museum.
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in Mickwitzia pretiosa Walcott. The outline of the valves appears to have been ovate to sub-

circular and the ventral valve rnoderately convex. The shell is phosphatic or chitinous and
built up of three principal layers. The outer layer is thin, and thickly set with minute pustules

or granules that give the surface a roughened appearance. When the outer layer is exfoliated,

which is usually the case, the aniddle layer presents a smooth, shining surface that is marked
by a few concentric striae and numerous fine radiating striae, between which many minute punctae

occur. The inner layer shows niinute, irregular, serpentine, rounded ridges, perforated by
vertical canals or punctas. An interior of a ventral valve shows the lines of advance of the

anterolateral muscle scars. The largest shell indicated on the surface of the siliceous shale

has a length and width of 12 mm.
The generic reference of this species is based on the apex of the ventral valve and the

structure and character of the shell.

Formation and locality.—lower Cambrian : (53) Sandstones in the lower portion of 3d of the Waucoba Springs

section [Walcott, 1908f, pp. 187 and 188|, 1 mile (1.6 km.) east of the Saline Valley road, about 2.5 miles (4 km.) east-

northeast of Waucoba Springs, Inyo County, California.

(174c) Sandstones on small hill in the salt flat, 1 mile {1.6 km.) northeast of Silver Peak Mill, Silver Peak quad-

rangle { U. S. Geol. Survey), Esmeralda County, Nevada.

Mickwitzia pretiosa Walcott.

Plate VI, figure 2.
"

Mickwitzia pretiosa Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 8, pp. 54-55, PI. VII, fig. 2. (Described and
discussed as below as a new species. Fig. 2 is copied in this monograph, PL VI, fig. 2.)

This species is founded on a single specimen of a ventral valve. It has a length of 7 mm.,
width 6.5 mm. Outlhie subcircular, slightly convex; apex curved over toward the posterior

margin and projecting beyond it. False area short and obscure. Surface marked by radiating

raised lines that at the front margin show six in a distance of 2 millimeters. Fine papillae are

thickly scattered over the surface, with a tendency to follow concentric lines of growth on some
,

portions of the shell, and on others they appear on low, narrow, serpentine ridges, as in M.
momZt/era (Linnarsson). A few large punctae are scattered here and there over the surface.

Inner surfaces and layers of shell unknown.

This beautiful shell differs in the details of its surface from M. monilifera; it is also less

convex, and the apex is nearer the posterior margin.

FoKMATiON AND LOCALITY.—Lower Cambrian: (390j) Eophyton sandstone at Lugniis, 8 miles (12.8 km.) south-

southwest of Mariestad, Province of Skaraborg, Sweden.

Mickwitzia ? sp. undt.

Lingula hawkeif Bornemann [not Rouault], 1891, Nova Acta Acad. Cses. Leop.-Carol. Germanicse Natures Curiosorum,

Bd. 56, No. 3, p. 439, PI. XIX, figs. 19-20. (Characterized and discussed in German.)

Bornemann describes and illustrates some large shells 3 centimeters or more in diameter

from the Olenopsis beds, which he states are characterized by a somewhat quadrangular outHne

and faint sinus and resemble Barrande's "Lingula feistmanteli." I am inclined to compare

this form with the large compressed casts of Mickwitzia monilifera and to make a tentative

reference to the genus Mickwitzia. The shell is certainly not Lingula rouaulti Salter.

Formation and locality.—Middle? Cambrian: (354a [Bornemann, 1891, p. 439]) in grayish-white quartzitic

sandstones in the valley of Gutturu Sartu, island of Sardinia, Italy.

Genus MICBOMITBA Meek.o

[/MKpdc, small; and mitra, a hat.]

Not Iphidea Baly, 1865, Entom. Monthly Magazine, vol. 2, p. 127. (Proposed for a genus of Coleoptera.)

Iphidea Billings [not Baly], 1872, Canadian Naturalist, 2d ser., vol. 6, No. 4, pp. 477^78. (Type species ("Iphidea

bella " ) described and discussed and '

' Iphidea " mentioned as a new genus. The reference is copied in this mono-

graph under Micromitra (Paterina) bella, p. 345.)

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Micromitra were

formerly placed; it includes only those references in which the genus is discussed or described. Por the sake of completing the record the remaining

mere generic references are here listed:

Eutorgina Linnarsson [1876, p. 25]. I
Kutorgina Matley [1902, p. 146].

Kutorgina Hall and Whitfield [1877, p. 207]. Eutorgina Gronwall [1902, p. 40).

Kutorgina Walcott [1884b, p. 20). I
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Micromitra Meek, 1873, Sixth Ann. Rept. V. S. Geol. and Geog. Survey Terr, for 1872, p. 479. (Suggests Micromitra as

anewgenerionamefor"Jp/!trfea(?.?)scMZpfiMs" if that species should prove to belong to a new genus. This refer-

ence is quoted in this monograph, p. 334.)

Iphidea Billings, 1874, Geol. Survey Canada, Paleozoic Fossils, vol. 2, pt. 1, p. 76. (Copied from Billings, 1872b,

pp. 477^78.)

Iphidea Billings, Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, p. 26. (Mentioned in

English in the discussion of "Iphidea ornatella.")

Iphidea Billings, Ball, 1877, Bull. U. S. Nat. Mus., No. 8, p. 39. (Mentioned.)

Iphidea Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 80, pp. 100-101. (Copies the original description, BU-
lings, 1872b, pp. 477-478, of the type species {"Iphidea bella") and discusses genus.)

Kutorgina Walcott (in part), [not Billings], 1886, Idem, pp. 101-102. (Genus Kutorgina described, but descrip-

tion also includes reference to specimens now referred to Micromitra, Micromitra (Paterina), and Micromitra

{Iphidella) .)

Iphidea Billings, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1270. (Described in French.)

flphidea Billings, Hall and Clarke (in part), 1892, Eleventh Ann. Kept. State Geologist New York for 1891, p. 249

(Described, but accompanied by figures of specimens belonging with the subgenus Paterina.)

flphidea Billings, Hall and Clarke (in part), 1892, Forty-fifth Ann. Rept. New York State Mus. for 1891, p. 565

(Copy of preceding reference.)

Kutorgina Walcott, Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 90-94

(Copies Walcott's description, 1886b, pp. 101-102, and discusses genus, but description and discussion also

include reference to specimens now referred to Micromitra, Micromitra (Paterina), Micromitra {Iphidella), Pro-

torthis, and Billingsella.)

Iphidea Billings, Hall and Clarke, 1892, idem, pp. 97-98. (Copies the original description, Billings, 1872b, pp.
477-478, of the type species {"Iphidea bella") and discusses genus.)

Iphidea Billings, Walcott (in part), 1897, Proc. U. S. Nat. Mus., vol. 19, pp. 707-711. (Discussed. The genus includes

species now referred to Micromitra, Micromitra {Paterina), and Micromitra (Iphidella) .)

Iphidea Billings, Schuchekt (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 233. (Merely refers Micromitra and
Paterina to Iphidea.)

Iphidea Billings, Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, pp. 447-448. (Mentioned in discussion of

" Iphidea sculptilis ."

)

Iphidella Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, p. 304. (Merely proposed to replace Iphidea, but
includes reference to specimens belonging with Micromitra, Micromitra (Paterina), and Micromitra (Iphidella).)

Paterina (Micromitra) (Meek), Schuchert, 1905, Am. Jour. Sci., 4th ser., vol. 19, p. 329. (Suggests that Micromitra

be used in a subgeneric sense, under Paterina, for the forms typified by Micromitra sculptilis.)

Not Iphidea Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 201. (Described, but the species

placed under it belong with the subgenera Paterina and Iphidella.)

Micromitra Meek, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 143. (Classification

of genus.)

Ventral valve conical (Micromitra (Paterina) etheridgei (Tate), PI. Ill, fig. 10) to depressed

conical (M. (P.) labradorica (Billings), PI. II, fig. 2), with the beak curving more or less over a

false area which is divided midway by a triangular fissure that may be covered almost entirely

{M. (P.) superha (Walcott), PI. II, fig. 1) or only in part (Micromitra (Iphidella) ornatella (Lin-

narsson), PI. Ill, fig. 6) by a convex pseudodeltidium.

Dorsal valve slightly to moderately convex. Beak small and usually curved a little over
a low area ( Micromitra pealei (Walcott) , PI. Ill, fig. 3e') that has a rather broad pseudodeltidium.

Surface marked by concentric lines of growth and fine radiating stride ( Micromitra (Paterina)

labradorica (Billings)) ; crenulated concentric striae that give a more or less distinctly crenu-

lated appearance to the surface (Micromitra sculptilis (Meek)); and strongly crenulated concen-
tric striae forming a network of raised, obliquely arranged lines that divide the surface into

minute pits (Micromitra (Iphidella) pannula (Wliite)).

Shell substance corneous. Shell built up of thin layers or lameUse that are more or less

obhque to the outer surface.

Very little is known of the interior of the valves. The ventral valve of Micromitra (Pater-

ina) labradorica (Billings) (PL II, fig. 2c) has a few lines or ridges that radiate from the beak
very much as in Kutorgina (PI. V, fig. 1). The dorsal valve also shows radiating ridges (Micro-
mitra (Iphidella) ornatella (Linnarsson) PI. Ill, fig. 6d), and in addition an exfoliated shell of

M. (I.) pannula ophirensis Walcott shows a median ridge, the base of the main vascular sinuses,

and two central muscle scars (PI. IV, fig. 4e).

Type.—Iphidea (?f) sculptilis Meek [1873, p. 479].
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Meek's original reference to Micromitra [1873, p. 479] is as follows:

It is quite probable that when specimens showing clearly all the characters of this shell can be examined it will

be found to belong to an undefined genus, either of the Brachiopoda or some other group. In this case I would propose

for this genus the name Micromitra.

The type specimen labeled by Meek in 1873 as IpJiidea (Micromitra) sculptilis is in the col-

lections of the United States National Museum (Catalogue No. 7864). The label is in Meek's

handwriting and firmly attached to the specimen of rock containing the shell.

The description of the shell referred to Iphidea (ff) sculptilis Meek [1873, p. 479] is that of

the ventral valve. Wliile no generic description is given and the specific description is incom-

plete, we are necessitated by the present rules of nomenclature to accept the name Micromitra,

since IpJiidea, as proposed by Billings [1872b, p. 477], was preoccupied by Baly in 1865.

When away, engaged in field work, I accidentally discovered that the genus Iphidea was

first used by Baly in 1865. I then put the name Iphidella in some manuscript notes and by
oversight this name was published [Walcott, 1905a, p. 304]. Schuchert [1905, p. 329] called

attention to its being a synonym of Micromitra and Paterina. This is shown in my synonymy
of the genus IpJiidea [1897b, p. 707]. I now use IpJiidella as a subgenus of Micromitra.

Billings's description of the genus IpJiidea and that of the type species were combined. At

the time of my study of Kutorgina and IpJiidea [Walcott, 1886b, p. 100] I did not agree with

Billings in his reference of "Obolus lahradoricus" to IpJiidea [Billings, 1874, p. 76]. Since that

time I have collected more material representing this group of shells, and from its study have

come to the conclusion that Billings was correct in referring "0. lahradoricus" to his genus

IpJiidea. The ventral valve of "0. lahradoricus" has a narrow false area of the same type as

MicroTTiitra {Paterina) hella (Billings), and the characteristic pseudodeltidium is clearly shown

in a section, and it is known to occur in Micromitra sculptilis (Meek), Micromitra {IpJiidella)

ornatella (Linnarsson) , and M. (/.) pannula (White). The extreme development of the false

area and pseudodeltidium is found in M. {P.) superha (Walcott), from the Middle Cambrian

"Tonto" sandstone of the Grand Canyon of the Colorado. In this form the ventral valve is

broadly conical, and the large pseudodeltidium projects backward at an angle equal to the slope

from the apex to the front. In Micromitra {Paterina) hella the false area slopes more abruptly

downward and in Micromitra {IpJiidella) ornatella it is nearly vertical, the pseudodeltidium being

much shorter and projecting but a short distance beyond the area. The slope of the area of M. (/.)

ornatella is essentially the same as that of Micromitra {Paterina) lahradorica swantonensis (Wal-

cott), which is the type of Beecher's genus Paterina. (See p. 344.) In some specimens of the

latter species the beak projects so that the slope of the area carries it forward to a considerable

distance under the beak. This is also true of Micromitra {IpJiidella) pannula.

The presence of an apical foramen in Micromitra (Paterina) hella and Micromitra {IpJiidella)

ornatella would separate those species from the Paterinidse, but from a careful study of all the

evidence attainable I am led to question the presence of a true apical foramen in either species.

Unless there are other characters than those shown by the false area and pseudodeltidium and

the angle at which they slope, it will be impracticable to generically separate Micromitra {Pater-

ina) hella and M. (P.) lahradorica and the other species mentioned.

In his original description, Billings [1872b, p. 478] says:

In the specimen above figured there is an aperture in the beak, but in another there is no appsarancs whatever

of a perforation.

In a fine series of Micromitra {Paterina) hella from the Lower Cambrian, south of Emigs-

ville, York County, Pennsylvania, the characteristics of the genus and species are strikingly

well shown. In none of the specimens is there in the ventral valve an indication of an apical

pedicle opening. The dorsal valve is slightly elevated, and in the half-dozen well-preserved

specimens no trace has been observed of any false area or pseudodeltidium; but in Micromitra

{IpJiidella) pannula the false area is even more clearly defined than in the ventral valve, and

the pseudodeltidium is present as a depressed concave covering of more than one-half of the

triangular space inside the narrow area on each side. The area on the dorsal valve has also

been observed in M. (/.) ornatella (Linnarsson) and Micromitra {Paterina) lahradorica (Billings).
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Liimarsson [1876, p. 25], in describing Micromitra (Iphidella) ornatella, speaks of the pres-

ence of a minute foramen; but, after the study of several finely preserved ventral valves from
the Paradoxides beds of Andrarum, Sweden, I am led to believe that what he considered to be an
apical foramen is a depression in the apex of the shell on the incurved beak which was present

in one of the embryonic (nepionic) stages and was subsequently lost. This would involve the

crowding out, as it were, of the pedicle posteriorly, the only evidence of its presence in the

adult being the narrow, slightly depressed slit at the apex of the valve in some specimens. The
pedicle in the adult shell is protruded between the two valves and separated from the scar of

the embryonic pedicle slit by the growth of a pseudodeltidium.

The examination of the somewhat closely allied form, Micromitra (IpJtidella) pannula
(White), shows the presence in some specimens of an apical depression, and its absence in

others. In Micromitra (Paterina) superia (Walcott), still more closely approaching the type,

M. (P.) iella (Billings), in external appearance, there is no trace of an apical slit. In Micromitra

{Paterina) crenistria (Walcott) , which is associated with M. (P.) superba, the apex is rounded, while

in the somewhat similar but distinct form, M. pealei (Walcott), from the Gallatin River valley of

Montana, the apical slit is as clearly shown as in Micromitra {Iphidella) ornatella (Linnarsson)

,

but there is no apical foramen.

Hall and Clarke [1892c, p. 97] illustrate a specimen of Micromitra {Paterina) hella showing
an apical foramen, but in the description of PI. IV, fig. 8, the statement is made that the foramen
is not altogether distinct in the specimen.

The systematic position of the genus Micromitra appears to be in the Atremata of Beecher
[1891, p. 354], with possible characters that nearly place it in the Protremata. The presence

of an obscure apical furrow in front of the apex of Micromitra {Paterina) hella (Billings), Micro-

mitra (Iphidella) ornatella (Linnarsson), and in some specimens of Micromitra pealei (Walcott)

tends to support the view that tlie pedicle was apical in its early stages. We also have to con-

sider the area of what appears to be the dorsal valve of Micromitra {Iphidella) pannula. In
this species there is a rather deep convex pseudodeltidium in the conical valve and a clearly

defined, depressed pseudodeltidium on the flat valve between the sides of the narrow false

area. There is also present on the latter valve a narrow median groove extending from the

apex to the posterior margin of the pseudodeltidium; it is similar in appearance to the pedicle

groove of the ventral valve of Obolus and Bhinoholus. This suggests that the fiat valve may be
the pedicle valve, but the presence of a scar of the embryo pedicle opening on the conical valve
is opposed to such an interpretation.

It may be urged that Micromitra is a true atrematous genus, the pedicle never having been
inclosed and the slit on the ventral valve being only a depression without special significance.

This may be so, but the impression it conveys to me is that the slit indicates a pedicle opening
which existed near the apex of the ventral valve at an early stage in its growth, but which was
subsequently closed, the pedicle continuing to protrude between the valves.

Whiteaves wrote me, under date of July 23, 1896, that with the exception of the specimen
which is referred in tliis monograph to Micromitra {Paterina) logani (see pp. 345 and 350),
there were no specimens or electrotypes of the types of Micromitra {Paterina) Iella (Billings) in

the collections of the Geological Survey of Canada, nor of the closely allied species of the same
genus from Topsail Head, mentioned by Billings [1872b, p. 478]. Under the circumstances
nothing can be done but to decide from Billings's description and figure [1872b, p. 477] the
characters of the species, and refer to the species the form that can best be identified with the
description and figure as its typical representative. This appears to be the form from
the Lower Cambrian limestone of York County, Pennsylvania. (See pp. 345 and 350, and
PI. II, figs. 1 and Ic.)

Ornamentation of the surface.—One of the most noticeable characters is the surface orna-
mentation. The type species of Micromitra {M. sculptilis (Meek), PI. Ill, figs. 5, 5a-c) has
on some specimens (PL III, figs. 5c, 5d) concentric lines similar to those on the less ornamented
forms of the genus, as represented by Micromitra {Paterina) labradorica (Billings), and on other
specimens a well-defined series of radiating ridges of varying number, width, and strength
(PL III, figs. 5, 5a, and 5c). It was on account of the surface produced by the concentric lines

crossing the radiating ridges that the specific name sculptilis was proposed.
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Micromitra sculptilis (Meek), the type of group A (Micromitra Meek), is therefore inter-

mediate in surface characters between the concentrically striated forms of group B {Paterina

Beecher) and the network ornamentation of group O (IpMdella Walcott), though some exam-
ples of the latter group have both the A and types of surface on the same shell. The species

with the intermediate type of surface may be grouped under the genus Micromitra, as follows:

Micromitra alabamaensis (Walcott) Middle Cambrian.

haydeni Walcott Do.

nisus (Walcott) Do.

pealei (Walcott) Do.

.
pusilla (Linnarsson) Do.

Bcotica Walcott Lower Cambrian.

sculptilis (Meek) Middle and Upper Cambrian.

sculptilis endlichi Walcott Middle Cambrian.

zenobia Walcott Do.

Micromitra {Paterina) lahradoricaswantonensis (Walcott) and M. (P.) iella (Billings) represent

the second t3^pe (B), whose surface is formed of simple concentric striae and lines of growth. On
the basis of surface characters this group is given a subgeneric value, as suggested by Schuchert

[1905, p. 329], and the name Paterina of Beecher [1891, p. 345] is adopted."^ The group includes:

Micromitra (Paterina) bella (Billings) Lower Cambrian.

crenistria (Walcott) Middle Cambrian.

etheridgei (Tate) Do.

labradorica (Billings) Lower Cambrian.

orientalis (Walcott) Do.

swantonensis (Walcott) Do.

utahensis (Walcott) Middle Cambrian.

var. undt Lower Cambrian.

logani (Walcott) Middle Cambrian.

major (Walcott) Lower Cambrian.

phillipsi (Holl) Upper Cambrian.

prospectensis (Walcott) Lower Cambrian.

stissingensis (Dwight) Middle Cambrian.

stissingensis ora Walcott Do.

stuarti Walcott Do.

superba (Walcott) Do.

undosa (Moberg) Lower Cambrian.

wapta Walcott Do.

williardi Walcott Do.

Micromitra (IpJiidella) ornatella (Linnarsson) and M. (7.) pannula (White) represent the

third type (C), whose surface is formed by the union of the crenulated striae so as to form a

fine network of raised obliquely arranged lines that divide the surface into minute pits that

give the impression of finely woven cloth. For the species with this ornamented surface

IpMdella Walcott [1905a, p. 304] is used in a subgeneric sense. This includes:

Micromitra (Iphidella) louise Walcott Lower Cambrian.

nyssa Walcott Middle Cambrian.

ornatella (Linnarsson) Do.

pannula (White) Lower and Middle Cambrian.

maladensis (Walcott) Middle Cambrian.

ophirensis (Walcott) Do.

StratigrapJiic distrilution.—The genus ranges from low down in the Lower Cambrian

through the Mddle Cambrian, and there are two species in the LTpper Cambrian.

Of the Lower Cambrian species, M. (7.) pannula (White) passes up into the central portion

of the Middle Cambrian in the Marjum limestone of the House Range section, L^tah. Micro-

mitra sculptilis (Meek) occurs abimdantly in the central portion of the Middle Cambrian and

has also been found in the Upper Cambrian Dunderberg shale of the Eureka district, Nevada.

Micromitra {Iphidella) pannula ophirensis (Walcott) has a range of 2,370 feet (722.4 m.)

in the House Range section of Utah, occurring in the Middle Cambrian at horizons 220, 2,075,

and 2,590 feet (67, 632.5, and 789.4 m.) above the quartzitic sandstones of the Lower Cambrian.

n It is therefore impossible to use the type of the preoccupied genus Iphidea, Micromitra {Paterina) bella, as the type of this subgenus, as

Beecher founded it on " Obolus labradorieus." (See p. 344.)
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At Ophir, in the Oquirrh Range, it is at the horizon of the Pioche fauna, or near the base of

the Middle Cambrian.

The table in the introduction gives a summary of the numbers and the range of the genus

by species and varieties. (See p. 99.)

MiCROMITRA ALABAMAENSIS (Walcott).

Plate II, figures 5, 5a-c.

Iphidea alabamaensis Walcott, 1897, Proc. U.S. Nat. Mus., vol, 19, pp. 713-714, PI. LIX, figs. 5, 5a-b. (Discussed

somewhat as below as a new species. The specimens represented by figs. 5, 5a-b are redrawn in this monograph

PI. II, figs. 5, 5a, and 5c, respectively.)

In following the Lower Cambrian rocks southward from Vermont, the first type of

Mieromitra met with is M. stissingensis (Dwight), which occurs in the Middle Cambrian of

Dutchess County, New York. This is fairly well distinguished by its surface character from

Mieromitra (Paterina) lahradorica (Billings) and its variety swantonensis (Walcott), but at the

next locality to the south in eastern Tennessee, 4 miles (6.4 km.) north of Rogersville, in the

Rogersville shale of the Middle Cambrian, was found a form that is practically identical with

the northern species or its variety, so far as it is possible to compare specimens preserved in

limestone with those preserved in shale. A species of the same general form also occurs in the

Middle Cambrian shales of the Cowan Creek section, Cherokee County, Alabama. There is,

however, a difference in the surface strise that distinguishes it from M. (P.) lahradorica, M. (P.)

lahradorica swantonensis, and M. (P.) stissingensis. It is the tendency to crenulation of the

strise in nearly all the specimens that have been examined. This, in extreme cases, goes so

far as to approach the surface so characteristic of Mieromitra (Iphidella) pannula (White).

The form can not well be identified with the closely related M. (P.) lahradorica (Billings) or its

variety swantonensis (Walcbtt) or M. (P.) stissingensis (Dwight) on account of these pecuhar

surface characters, and the name M. alabamaensis was proposed for it.

In the general form of the valves this species resembles M. (P.) lahradorica and M. (P.)

stissingensis. So far as known the only specific difference is in the surface character, which
allies it with Mieromitra sculptilis (Meek) . The convexity of the valves is unknown, owiag to

the compressioii of the shells in the shale, and we have no information of the area or pseudo-

deltidium. Shell substance corneous.

Formation and locality.—Upper Cambrian: (94o) Limestone at base of dolomite, 0.25 mile (0.4 km.) beyond
Givens Ford, Cowan Creek, about 8 miles (12.8 km.) southeast of Center, Cherokee County, Alabama.

Middle Cambrian : (90x and 94a) In and attached to the outer surface of siliceous nodules in the Conasauga ("Coosa ")

shale, Coosa Valley, east of Center; (95a) shales on Spring Creek, near the old tram crossing north of Center road. Cowan
Creek valley, southeast of Center; and (94) shales 0.25 mile {0.4 km.) beyond Steel Ford, Cowan Creek, about 8 "miles

{12.S km.) southeast of Center; all in Cherokee County, Alabama.

(121a) Shales on road leading from southeast of Harlan Knob to Amis post office; (1S4) shales (NoHchucky?)
overlying the limestone which rests on the Rogersville shale, on Big Creek, southeast of Harlan Knob; (123) upper
part of Maryville limestone, on Big Creek, southeast of Harlan Knob; and (121) Rogersville shale, road just east of

Harlan Knob; all about 4 miles (6.4 km.) northeast of Rogersville [Keith, 1905, p. 4, and areal geology sheet], Hawkins
County, Tennessee.

(14a) Sandstone of the Rome formation, along First Creek Gap, 4 miles (6.4 km.) north-northeast of Knoxville
[Keith, 1905, areal geology sheet], Knox County, Tennessee.

MiCROMITKA HAYDENI Walcott.

Text figures 20A-D, page 338.

MicromitrahaydeniWAhcOTT, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 55-56, PL VII, figs. Sand 3a. (Described
and discussed as below as a new species. Figs. 3 and 3a are copied in this monograph as figs. 20A and 20B'.)

Ventral valve subconical, with a minute beak arching slightly over a strong, arched pseudo-
deltidium which is about one-half as long as the height of the valve. Cardinal slope rounded;
a slight angle is indicated by a line where the concentric surface striae bend inward toward the

pseudodeltidium across the narrow area; a sharp angle is formed where the convex pseudodeltid-

ium rises abruptly from the area.

62667°—vol 51, pt 1—12 22
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Dorsal valve moderately convex, most elevated at the small umbo just in advance of the

marginal minute beak ; area very low and narrow, and without trace of pseudodeltidium so far

as now known.

Surface marked by fine, concentric, slightly undulating, threadlike strise and a varying

number of ii-regular, more or less interrupted, narrow, depressed, rounded radiating ridges;

these ridges are usually most numerous at the central portions of the valves. The concentric

strias extend across the narrow area and arch over the pseudodeltidium, where they are finer

and crowded together so that all the strise between the apex and the front margin are com-
pressed in about one-half the distance on
the pseudodeltidium. The adult ventral

valve is about 4.5 mra. in length hj 5

mm. in width and 2.5 mm. in height, with

a pseudodeltidium 1.3 mm. in length. A
dorsal valve 2 mm. in length has a height

of about 0.5 mm. at the umbo. The shell

is rather thick for a species of this size,

and it is built up of several thin layers

or lamellas.

Ohservations.— Micromitra Tiaijdeni

differs from the nearest related species,

M. sculptilis (Meek), in having a strong

convex pseudodeltidium, less elevation

of the ventral valve, and a thicker shell.

Alicromitra Jiaydeni occurs near the base

of the Middle Cambrian and M. sculjjtilis

about 2,000 feet (610 m.) higher in the

section of the Cambrian rocks of Utah and

southern Idaho.

The specific name is given in honor of Dr. F. V. Hayden, geologist and explorer, under

whose charge the geology of this region was first studied.

Formation and locality.—Middle Cambrian: (54s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198],

just above the Cambrian quartzitic sandstones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) south-

east of Malade, Oneida County, Idaho.

FiGUKE 20.— Micromitra hayieni Walcott. A, Top view of ventral valve (U. S.

Nat. Mus. Cat. No. 51437a). B, B', Side and baclc views of a ventral

valve (U. S. Nat. Mus. Cat. No. 51437b). C, E.xterior of dorsal valve (U. S.

Nat. Mus. Cat. No. 51437c). D, Dorsal valve (U. S. Nat. Mus. Cat. No.

51437dV

The specimens represented are from Locality 54s, Middle Cambrian lime-

stones, near Malade, Idaho. Figures 20A and 20B' are copied from Walcott

[1908d, PI. VII, figs. 3 and 3a]. Figure 20A represents the type specimen.

\y

Micromitra nisus (Walcott).

Plate II, figure 10.

Iphidella nisus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 305. (Described and discussed as below as a new
species.)

Ventral valve rather low, with the apex overhanging the posterior margin. Surface

marked by very fine lines of growth with still finer bands of strise between them. About 10

very fine radiating ridges extend from near the apex to the front and lateral margins.

This little shell is represented by a single specimen of the ventral valve. The associated

fauna includes fragments of Olenellus.

I was at first inclined to refer this shell to Micromitra sculptilis (Meek) or M. pealei (Wal-

cott), but the overhangmg apex and strongly marked surface and the fact that there is an

interval of 2,000 miles between the localities of the species led me to separate them. Strati-

graphically the two latter species occur in the Middle Cambrian and M. nisus in the Lower

Cambrian. I do not think the two forms should be included in one species.

Formation and locality.—Lower Cambrian : (2r) In a limestone bowlder in a conglomerate, in a railroad cut 2

miles (3.2 km.) west of Bio railway station, Rimouski County, Quebec, Canada.
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/ MiCROMITKA PEALEI (Walcott).

Plate III, figures 3, 3a-e.

Iphidea pealei Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, pp. 712-713, PI. LIX, figs, a, 3a-c. (Described and dis-

cussed as below as a new species. The two specimens represented by figs. 3, 3a-b, and 3c are redrawn in this

monograph, PI. Ill, figs. 3, 3a-b, and 3c, respectively.)

Ventral valve subconical, beak slightly incurving over the pseudodeltidium. Cardinal

slope flattened to form a narrow false area, wliicli is clearly defined from the curvature of the

shell by a slightly elevated threadlike ridge. Pseudodeltidium comparatively narrow, strongly

convex, and arched below. The striae of growth cross the false area and arch over the delthyrium.

Dorsal valve moderately convex, and without any special characteristics to distinguish it

from the same valve in Micromitra {Paterina) bella (Billings), M. (P.) superba (Walcott), and

M. (P.) lahradorica (Billings).

Surface marked by fine concentric strise and lines of growth that are usually plam, but

in some examples are slightly crenulated. In such instances fuie radiating lines or stria are

also shown. Shell substance corneous.

In the most perfectly preserved specimens there is a sUght furrow or depression near the

ajiex of the ventral valve, but there is no trace of a perforation or apical opening.

This species approaches M. sculptilis (Meek) in some examples of the ventral valve. It

differs mainly in the narrow pseudodeltidium and the character of the surface markings. It

might be considered as a form intermediate between M. (P.) iella (BiUings) and M. sculptilis

(Meek).

The specific name was given in honor of Dr. A. C. Peale, of the Hayden Survey, who col-

lected the type specimen.

Formation and locality.—Middle Cambrian: (4n) Limestone about 325 feet (99.1 m.) above the unconformable

base of the Cambrian in divide at the head of Jackson Creek (locally known as Sheep Creek), a creek flowing into

Jackson Lake about 0.5 mile (0.8 km.) south of its northwestern corner, Teton Mountains, Grand Teton quadrangle

(U. S. Geol. Survey), LTinta County, Wyoming.

(159) Limestones north of West Gallatin (Gallatin) River, Gallatin County; (302) limestone east of Gallatin River,

above Gallatin, Gallatin County; (ip) about 225 feet (68.6 m.) above base of Cambrian in limestones interbedded in

Flathead shales of Peale [1893, p. 21], on the north side of West Gallatin (Gallatin) River, 2 miles (3.2 km.) north-

east of Logan, Threeforks quadrangle (U. S. Geol. Survey), Gallatin County; (155a) limestone north of East Gallatin

River, near Hillsdale, Threeforks quadrangle (
TJ. S. Geol. Survey), Gallatin County; (Ha) about 375 feet (114.3 m.)

above base of Cambrian in limestone interbedded in the Flathead shales of Peale [1893, p. 21], 1 mile (1.6 km.) north

of the junctioii of East Gallatin and West Gallatin (Gallatin) rivers, 4 miles (6.4 km.) east-northeast of Logan,

Threeforks quadrangle (U. S. Geol. Survey), Gallatin County; (5f and 340) limestone interbedded in the Wolsey shale

[Weed, 1900, p. 285], in Meagher County on road to Wolsey, south of the divide at the head of Sawmill Creek, and

about 12 miles (19.3 km.) south of Neihart, Little Belt Mountains quadrangle (U. S. Geol. Survey), Cascade County;

(4x) limestone interbedded in the Wolsey shale [Weed, 1900, p. 285], at the base of a butte in Belt Park, about 6

miles (9.6 km.) northwest of Neihart, Little Belt Mountains quadrangle (U. S. Geol. Survey), Cascade County; and

(91i) limestone on Beaver Creek, 5 miles (S km.) north of York, about 8 miles (12.8 km.) north of Canon Ferry, Big

Belt Mountains, Fort Logan quadrangle (U. S. Geol. Siu'vey), Meagher County; all in Montana.

(74) Sandstone about 300 feet (91.4 m.) above the base of the Tonto group, at the head of Nunkoweap Valley,

Grand Canyon of the Colorado, Arizona.

MiCKOMiTRA PUSiLLA (Lumarsson).

'''

Plate III, figures 2, 2a-c.

Kutorgina cingulata pusilla Linnars.son, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, p. 25, PI. IV,

figs. .53 and 54. (Described as below, and discussed in English, as a new variety.)

Kutorgina cingulata Walcott (in part) [not Billings], 1886, Bull. U. S. Geol. Survey No. 30, pp. 102-104. (Speci-

mens now referred to Micromitra pusilla were included with the specimens representing Kutorgina cingulata

when this description was written.)

Kutorgina cingulata pusilla Linnarsson, Matlby, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, pp. 146-147,

figs. 19 and 20, p. 147. (Discussed from a new locality.)

Kutorgina cingulata pusilla Linnarsson, Gronwall, 1902, Danmarks Geol. Unders0gelse, Rsekke 2, No. 13, pp. 40-41.

(Discussed in Norwegian.)
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Linnarsson [1876, p. 25] gives the following description of the dorsal valve of this species:

Shell small, transversely oval, broadest about the middle. Hinge-line straight, shorter than the width of the

shell; cardinal angles rounded. Shell substance apparently corneous. Surface marked with numerous sharply

marked, concentric lines of growth. Length, 3 mm. ; breadth, 4 mm.

In some material received from Andrarum, Sweden, I found what appear to be the ventral

and dorsal valves of this species associated with Micromitra (IphideUa) ornatella (Linnarsson)

and Acrotreta socialis von Seebach. The ventral valve shows a well-defined false area on

each side of a triangular opening. The broken edge of the pseudodeltidium is shown on the

side of the upper end of the fissure, but its form and depth can not be determuied.

This species is related to Micromitra (Paterina) labradorica (Billings), differing from it

in having a less elevated ventral valve, radiating ridges on the surface, and being more uni-

formly smaller in size. It is evidently a rare form, as only three specimens were met with in

brealdng up a large quantity of rock.

Formation AND LOCALITY.—Middle Cambrian: (8w) himestones oi the Paradoxidesforchhammeri zone, at Andra-

rum, 20 miles (32.2 km.) northwest of Simi-ishamn, Pro-\ance of Christianstad; (320f) limestone at Andrarum, 20 miles

(32.2 km.) northwest of Simrishamn, Province of Christianstad; and (320u [Linnarsson, 1876, p. 25]) strata with

Agnostus lievigatus at Ostra Rynninge, in Nerike; all in Sweden.

(16h) Limestones of the Paradoxides forchhammeri zone at Borregaard; and (16]) limestones of the Paradoxides forch-

hammeri zone at LaesaS,; both on Bornholm Island, Denmark.

Matley [1902, p. 146] has identified this species from the following locality:'^

Upper Cambrian: (304b) Lower part of the "White Leaved Oak" shales (the zone of Polyphyma), Malvern Hilla,

between Herefordshire and Worcestershire, England.

/
Micromitra scotica n. sp.

Text figures 21A-C.

Ventral valve moderately convex, transverse in outline. Beak almost apical, slightly in

Cardinal slopes flattened to form a

false area that is almost as wide
advance of the posterior margin, which is nearlj- straight.

as the greatest width of the shell.

Pseudodeltidium narrow and arch-

ing somewhat above the 2:)lane of

the margin of the shell.

Dorsal valves unknown.

Surface marked by rather
coai'se concentric striaB and radiat-

ing ridges. The concentric striae

cross the false area and the pseu-

dodeltidium.

Ohservations.—This species ap-

pears to be most closely related to

Figure 21.— Micromitra seolkan. sp. A, Type specimen, a ventral valve, X4, from Local- MicrOmitra, "pUSiJlcL (LiunarSSOn),
ity 316d, Lower Cambrian shale on Meall 4 Ghiubhais, Ross-shire, Scotland (U. S. ,,.,i I'f 'l If +I-1 +
Nat. Mus. Cat. No. 68310). B,B', B", Top, side, and back views of a ventral valve, X-5, ^^'t IS tO DC aiStmgUlSnea trom mat
froraLoc^litySied, Lower Cambrian shale on Meall ^ Ghiubhais, Ross-shire, Scotland sDGcieS bv rCaSOn of its loU^ PSeU-
(Geol. Survey Scotland, specimen No. M2046e). C, Top view of a crushed ventral

1 , i, -j-" -1,-1 e i iU i il,
valve, X2.5, from Locality 316d, on Meall 4 Ghiubhais, Ross-shire, Scotland (Geol. Ciodeltldium and tile lact that the
Survey Scotland, specimen No. M«78d). |^p^|. ^^^^ ^^^^ overhang the falsC

area. The latter species occurs in the Middle Cambrian and Micromitra scotica is associated

with Olenellus in Scotland.

Formation and locality.—Lower Cambrian : (316d) 6 Localities M2646e, M2647e, and M4178d of the Geological

Survey of Scotland, about 500 feet (152.5 m.) above the provisional base of the Cambrian and 75 feet (23 m.) below

what is believed to be the top of the Lower Cambrian in the shales forming 5 and 6 of the section given by Peach and

Home [1907, p. 414], in a small burn on the north slope of Meall & Ghiubhais, 4 miles (6.4 km.) west-northwest of the

Kinlochewe Hotel, Loch Maree, Ross-shire, Scotland.

o Groom (1902, p. 109] describes the locality and cites a list of the associated species.

6 Specimens from this locality are also included m the collections of the United States National Museum.
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MiCEOMiTEA scuLPTiLis (Meek).

Plate III, figures 5, 5a-e.

Ij^idea (??) sculptilis Meek, 1873, Sixth Ann. Rept. U. S. Geol. and Geog. Survey Terr, for 1872, p. 479. (Described

and discussed as a new species, and the generic name " Micromitra" proposed in case the species should prove

to belong to a new genus.)

Kutorgina minutissima Hall and Whitfield, 1877, TJ. S. Geol. Expl. 40th Par., vol. 4, pt. 2, pp. 207-208, PI. I, figs.

11 and 12. (Described and discussed as a new species. The specimens represented by figs. 11 and 12 are redrawn

in this monograph, PI. Ill, figs. 5b and 5c, respectively.)

Kutorgina sculptilis (Meek), Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, p. 20, PL I, figs. 7, 7a-b, PI. IX, fig. 7.

(The three specimens represented in PL I, figs. 7 and 7a, PL I, fig. 7b, and PL IX, fig. 7, are redrawn in this

monograph, PL III, figs. 5, 5b, and 5c, respectively.)

Iphidea sculptilis Meek, Schuchekt, 1897, Bull. U. S. Geol. Survey No. 87, p. 235. (Merely goes back to original

generic reference.)

Iphidea sculptilis Meek, Walcott, 1899, Mon. TJ. S. Geol. Survey, vol. 32, pt. 2, pp. 447-448, PL LX, figs. 5, 5a-c.

(Discussed. The specimen represented by figs. 5, 5a-c is redrawn in this monograph, PL III, fig. 5a.)

Iphidella sculptilis (Meek), Walcott, 1905, Proc. TJ. S. Nat. Mus., vol. 28, p. 308. (Merely changes generic reference.)

In the description of IpTiidea (??) sculptilis, Meek [1S73, p. 479] decided that as the shell

had a very narrow, slightly flattened margin on each side, representing a false area, and that

as there seemed to be a wide-open triangular foramen, it could be referred to the genus Acro-

treta or the genus Iphidea. He was not positive that there was not a permanent pseudodel-

tidium present, but assuming the absence of that structure, and tliinking it probable that when all

the characters of the shell were knowii it would be found to belong to a different genus, either of

the Brachiopoda or of some other group, he proposed for the genus the name " Micromitra."

A study of the specimens of M. sculptilis collected from the same horizon, at a point not far

distant from the original locality, shows the presence of a false area and a pseudodeltidium of

the same type as that of Micromitra (JPaterina) hella (Billings). There is, however, a difference

in the two forms that is considered of subgeneric value. The surface of M. (P.) iella is covered

with fine concentric striae and the surface of Micromitra sculptilis is marked by very fine, sharp,

elevated concentric Unes that coalesce or bifurcate irregularly, imparting a peculiarly inter-

rupted wavy appearance that is higlily characteristic. The variation in the surface character is

continued still further in Micromitra {IpMdella) pannula (White), in which the surface is divided

into minute porelike pits by a very fine network of oblique raised fines. Under the lens the

surface resembles that of finely woven cloth.

The most nearly related species is Micromitra Jiaydeni Walcott, which has a similar surface,

but the latter has a large pseudodeltidium on the ventral valve, and that valve is more depressed

than in M. sculptilis.

A fragmentary ventral valve from 2,500 feet (762 m.) up in the iEddle Cambrian series of

the northern Wasatch Alountains appears to be a form somewhat intermediate between Micro-

mitra (Paterina) crenistria (Walcott) and M. sculptilis. It has the surface of the latter except

that the radiating ribs are very faint. It occurs in the Blacksmith Fork section, east of Hyrum,
Utah.

Formation and locality.—Upper Cambrian: (61) Limestone in the Dunderberg shale [Walcott, 1908f, p. 184],

a little south of the Hamburg mine; and (62) limestone in the Dunderberg shale fW'alcott, 1908, p. 184], in a canyon
immediately north of Adams Hill; both in the Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Middle Cambrian: (302) Limestone east of Gallatin River, above Gallatin; and (302a and 302c) limestones at several

places on the south side of the Gallatin Valley; both in Gallatin County, Montana.

(302b) Limestones near Crowfoot Ridge, Gallatin quadrangle (U. S. Geol. Survey), Yellowstone National Park,

Wyoming.
(55n) About 1,850 feet (564 m.) above the Brigham quartzite and 2,350 feet (716 m.) below the Upper Cambrian

in the limestones forming 2g of the Bloomington formation [Walcott, 1908f, p. 195], in Blacksmith Fork Canyon, about

10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

(81) Shales believed to be referable to the lower portion of the Marjum limestone [Walcott, 1908f, p. 180],

found about 0.5 mile (0.8 km.) east of Antelope Springs; (3x) about 2,200 feet (670.6 m.) above the Lower Cambrian
and 2,200 feet (670.6 m.) below the Upper Cambrian in the limestones forming Id of the Marjum limestone [Walcott,

1908f, p. 180], 2.5 miles (4 km.) east of Antelope Springs in ridge east of Wheeler Amphitheater; and (lOy) about 2,900
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feet (884 m.) above the Lower Cambrian and 1,500 feet (457.2 m.) below the Upper Cambrian in the central part of

the bed forming la of the Marjum limestone [Walcott, 1908f, p. 179], about one mile (1.6 km.) south-southwest of Marjum

Pass; all in the House Range [Walcott, 1908f, PL XIII], Millard County, Utah.

(lis) Shales just above Simpson Spring, about 20 miles (32.2 km. ) west-southwest of Vernon, on the stage road from

Vernon to Fish Spring, Tooele County, Utah.

(lOw) Shaly limestones about 5 miles (8 km.) northeast of Osceola, on the east side of the Snake Range, ^Vhite

Pine County; and (58) shaly limestones in upper beds of Secret Canyon shale, either in New York or Secret Canyon,

Eureka district [Hague, 1892, Atlas], Eiu:eka County; both in Nevada.

Specimens that are compared with Micromitra sculptilis occur at the following locality:

Middle Cambrian: (54i) About 2,950 feet (899.2 m.) above the Brigham quartzite and 1,225 feet (373.4 m.) below

the Upper Cambrian in the limestone forming le of the Bloomington formation [Walcott, 1908f, p. 194], in Blacksmith

Pork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Micromitra sculptilis endlichi Walcott.

Text figure 22.

Micromitra sculptilis endlichi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 56. (Characterized as below

as a new variety.)

This form is represented by a single specimen of a ventral valve. The surface is similar

to that of Micromitra sculptilis (Meek), but the valve is more elongate,

less elevated, and larger (5 mm. in diameter) than the specimens of

the latter from the type locality.

The varietal name is given for ]\Ir. F. M. Endlich of the Ha5^den

Survey.

Formation and locality.—Upper Cambrian: (8o) Limestone 2 miles (3.2 km.)

north of Aurum, Schell Creek Range, White Pine County, Nevada.

Micromitra zenobia n. sp.

Figure 22.

—

Micromitra sculptilis

endlichi Walcott. A, A', Top
and side views of tlie type speci-

men, a ventral valve from Local-

ity 8o, Upper Cambrian lime-

stones, 2 miles (3.2 km.) north of

Aurum, White Pine County,

Nevada (U. S. Nat. Mus. Cat.

No. 5149S).

Text figure 23.

Most of the specimens of this species are flattened in the shale,

but both valves aj^pear to have been moderately and nearly equalty

convex. The beak of the ventral valve is slightly in advance of the

posterior margin and incurves slightly over a well-defined cardinal

slope which is nearly straight and almost as wide as the greatest diam-

eter of the shell. The pseudodeltidium is moderately convex and apparently extends about

half the distance from the beak to the posterior margin.

Growth lines are fairly coarse and regular. In the ventral valve they bend abruptly at

the cardinal slope, on which they are very fine and very irregular. In

other words, the cardinal slope is well defined and is covered with an

irregular confusion of minute ridges which seem to bear little relation

to the concentric ridges on the surface of the shell. This pattern can

not be seen on the pseudodeltidium.

In some of the adult shells from the type locality (35k) a faint

radial crenulation can be seen near the apex. Fragments of lime-

stone (Locality 57c) contain many small shells, probably the young,

with radial folds and a crenulation of the concentric strife similar to

that in Micromitra sculptilis. The crenulations have been observed

in one perfectly preserved adult specimen. The specimens from the

limestone may be distinct.

FoKMATiON AND LOCALITY.—Middle Cambrian: (36k) Burgess shale member of the

Stephen formation, west slope of ridge between Mount Field and Wapta Peak, 1 mile

{1.6 km.) northeast of Burgess Pass, above Field; and (58 1) about 1,830 feet (557.8 m.) above the Lower Cambrian in

the limestone forming 3b of the Stephen formation [Walcott, 1908c, p. 238 (7)], on the east side of Mount Stephen

about 3,000 feet (914.4 m.) above the Canadian Pacific Railway track 3.5 miles (5.6 km.) east of Field; both in British

Columbia.

Figure 23.— Micromitra zenobia n.

sp. Top view of type specimen, a

ventral valve from Locality 36k,

Middle Cambrian Stephen forma-

tion 1 mile Cl-6 km.) northeast ol

Burgess Pass, above Field, British

Columbia (U. S. Nat. Mus. Cat.

No. 58311H,
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(STc") About 2,500 feet (762 m.) above the Lower Cambrian and 2,475 feet (754 m.) below the Upper Cambrian

in the limestone forming 1 of the Stephen formation [Walcott, 1908f, p. 209]; and (58z) about 1,875 feet (572 m.) above

the Lower Cambrian and 3,100 feet (945 m.) below the Upper Cambrian in the limestone forming 2b of the Stephen

formation [Walcott, 1908f, p. 211]; both on Mount Bosworth, north of the Canadian Pacific Railway between Hector

and Stephen, on the Continental Divide between British Columbia and Alberta, Canada.

t/

MicROMiTEA sp. undt. (Walcott).

Plate III, figure 7.

Iphidea sp. undet., Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 449, PL LX, fig. 6. (Described and
discussed as below as an undetermined species. The specimen represented by fig. 6 is redrawn in this mono-

graph, PL III, fig. 7.)

IpMdella sp. undt., Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 305. (Description and discussion copied from

preceding reference.)

Dorsal valve semicircular, slightly convex. Hinge line somewhat shorter than the width

of the shell below; nearly straight, the rostral angle about 180°. Beak small, not elevated.

Surface ornamented by extremely fine, radiating, and undulating concentric striae that can

be seen in detail only with a strong magnifying glass. Shell substance horny.

This form is associated with Micromitra sculptilis (jVIeek) and, judging from external

characters, is closely related to it. The surface ornamentation is of the same character, and,

in the absence of the ventral valve, it is difficult to distinguish any specific characters on which

to base a new species, although the shell is much larger than that of M. sculptilis.

Formation and locality.—Middle Cambrian: (302b) Limestones near Crowfoot Ridge, GaUatin quadrangle

(U. S. Geol. Sm'vey), Yellowstone National Park, Wyoming.

PATEBINA Beecher,o subgenus of MICROMITRA.
IJPater, father.]

Kutorgina Dall (in part) [not Billings], 1877, Bull. U. S. Nat. Mus. No. 8, pp. 40-41. (Includes reference to speci-

mens now referred to Micromitra (Paterina)

.

)

Kutorgina Walcott (in part) [not Billings], 1886, Bull. U. S. Geol. Survey No. 30, pp. 101-102. (Genus Kutorgina

described, but description also includes reference to specimens now referred to Micromitra, Micromitra (Paterina),

and Micromitra (Iphidella).)

Paterina Beecher, 1891, Am. Jour. Sci., 3d ser., vol. 41, p. 345, and footnote. (Gives reasons for proposing Paterina as

a new genus.)

Paterina Beecher, Hall and Clabke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 247. (De-

scribed.)

Iphidea Billings, Hall and Clarke, 1892, idem, p. 249. (Described and accompanied by figures of specimens referred

to the subgenus Paterina.)

Paterina Beecher, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 563. (Copy
of Hall and Clarke, lS92a, p. 247.)

Iphidea Billings, Hall and Clarke, 1892, idem, p. 565. (Copy of Hall and Clai-ke, 1892a, p. 249.)

Kutorgina Hall and Clarke (in part) [not Billings], 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp.
90-94. (Copies Walcott's description [1886, pp. 101-102] and discusses genus, but description and discussion

also include reference to specimens now referred to Micromitra, Micromitra (Paterina), Micromitra (Iphidella),

Protorthis, and Billinqsella.)

o The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Paterina were
formerly placed; it includes only those references in which the subgenus is discussed or described. For the sake of completing the record the remain-

ing mere generic references are here listed:

Obolus Billings (ISGlb, p. 6; lS61c, p. 946; 1862e,

p. 218; 1863, p. 284].

Obolella HoU [1865, p. 102].

Oboiaia f Davidson [1866, p. 62].

Kutorgina Davidson [1868, p. 312; 1871, p. 342).

Obolella Phillips [1871, p. 68).

Iphidea BilUngs [lS72b, p. 477; 1874, p. 76],

Obolellus? Eoemer [1876, PI. 11, figs. 6a-d].

Obolella Dall [1877, p. 41].

Iphidea Billings [1882, p. 13].

Kutorgina Davidson [1883, p. 212).

Kutorgina Walcott [1884b, p. 19].

IpMdea Walcott [1886b, p. 100].

Iphidea Oehlert [1887, p. 1270].

Kutorgina Dwight [1889, p. 145].

Kutorgina Walcott [1890, p. 36).

Kutorgina Dwight [1891, p. 105].

Iphidea Walcott [1891a, p. 608].

Kutorgina Walcott [1891a, p. 609].

Kutorgina Moberg [1892b, p. 112].

Platijceras Tate [1892, p. 184).

Ipliidea Hall and Clarke [lS92e, PI. IV, figs. 6 and 7).

IpMdea Grabau [1900, p. 617].

Kutorgina Matley [1902, p. 145].

Micromitra Clark and Mathews [1900, p. 252].
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Billings, Walcott (in part), 1897, Proc. TJ. S. Nat. Mus., vol. 19, pp. 707-711. (Discussed. The genus as

discussed includes species now referred to Micromitra, Micromitra (Paterina), and Mieromitra (Iphidella).)

Patenna Beecher, Walcott, 1897, idem, p. 708. (Discussed as synonym of Iphidea.)

Iphidea Billings, Schucheet (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 233. (Merely refers Micromitra and

Paterina to Iphidea.)

Iphidella Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, p. 304. (Merely proposed to replace Iphidea, but

includes reference to specimens belonging with Micromitra, Micromitra (Paterina), and Micromitra (Iphidella) .)

Iphidea Billings, Grabau and Shimek (in part), 1907, North American Index Fossils, vol. 1, p. 201. (Described, and

includes species referred to each of the subgenera Paterina and Iphidella.)

Micromitra (Paterina) (Beecher), Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 143.

(Classification of subgenus.)

All of the species of Micromitra with plain concentric striae on the outer surface are grouped

under Paterina as a subgenus. Beecher [1891, p. 345] quoted " Oholuslahradoricus Billings" as

the type of liis genus Paterina, supposing that the species represented the simplest form of

brachiopod known. The genus was subsequently shown [Walcott, 1897b, p. 707] to have been

previously described [Meek, 1873, p. 479] under a different name, Micromitra {Iphidea being

preoccupied [Schuchert, 1905, p. 329]), but as it appears necessary to group the shells of which

Micromitra (Paterina) labradorica (Billings) is a typical example under a subgenus, I have

adopted Paterina as the name for it.

Type.—Kutorgina labradorica swantonensis Walcott [1890, p. 36].

Beecher studied the specimens of the variety Micromitra (Paterina) labradorica swantonensis

(Walcott) which were in my laboratory in the United States National Museum and did not at

the time have the specimens of "Obolus labradoricus" from the St. Lawrence Valley. He
mistook the duplicate specimens of the variety for the species, and it was from the material he

examined that the area of the ventral valve was subsequently worked out, as shown on Plate

II, figures 3d, 3e, and 3f.

A Hst of the species referred to Paterina has been given under the genus Micromitra (p. 336).

I

MicEOMiTRA (Paterina) sella (Billings).

Plate II, figures 1, la-c.

Iphidea bella Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 4, pp. 477-478, fig. 13. (Described and discussed

as a new species; see p. 345, for copy. Fig. 13 is reproduced in this monograph, PL II, fig. Ic.)

Iphidea bella Billings, 1874, Geol. Survey Canada, Paleozoic Fossils, vol. 2, pt. 1, p. 76, fig. 44. (Description and

figure copied from preceding reference.)

Iphidea bella Billings, 1882, Geol. Survey Newfoundland, Rept. Progress for 1881, Appendix, p. 13, fig. No. 8. (A

copy of the preceding reference.)

Iphidea bella Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 100, PL VII, fig. 4. (Copies the original

description, Billings, 1872b, pp. 477-478, and discusses species. Fig. 4 is copied from Billings, 1872b, fig. 13,

p. 477.)

Iphidea bella Billings, Okhlbet, 1887, Manuel de conchyliologie, by Fischer, p. 1270, fig. 1026. (Mentioned in

French. Fig. 1026 is copied from Billings, 1872b, fig. 13, p. 477.)

Iphidea bella Billings, Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 608, PL LXVII, fig. 6. (Mentioned.

Fig. 6 is copied from Billings, 1872b, fig. 13, p. 477.)

Not Iphidea bella Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York, for 1891, p. 249, PL IV,

figs. 4 and 5. (Mentioned. Referred in this monograph to Micromitra (Paterina) labradorica sivantonensis.)

Iphidea bella Billings, Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 98, fig.

54, not PL IV, figs. 8 and 9. (Mentioned in the text. Fig. 54 is copied from Billings, 1872b, fig. 13, p. 477.

The specimens represented by figs. 8 and 9 are referred in this monograph to Micromitra (Paterina) labradorica

swantonensis.)

Iphidea bella Billings?, Geabau, 1900, Occas. Papers Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 617-618, PL XXXI,
fig. 2. (Described and discussed.)

Micromitra bella (Billings), Clark and Mathews, 1906, Maryland Geol. Survey, vol. 6, pt. 1, p. 252, PL XVI, fig. 15.

(No text reference. Fig. 15 is copied from Walcott, 1886, PL VII, fig. 4.)

Iphidea bella Billings, Geabau and Shimee, 1907, North American Index Fossils, vol. 1, p. 201, fig. 234h, p. 199.

(Described. Fig. 234h is copied from Billings, 1872b, fig. 13, p. 477.)

The shell described and illustrated by BiUings [1872b, pp. 477-478] had a large false area

and a convex pseudodeltidium, the width of which at the hinge hne was stated to be nearly

one-third the whole width of the shell.
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I received from Whiteaves what was supposed to be the type specimen of the ventral valve,

from Trois Pistoles, but I find that it does not belong to the species described by Billings

[1872b, p. 477]. The area is strongly marked, but the pseudodeltidium in the specimen before

me is very short, not over one-fifth the height of the deltidial area. In this respect it resembles

the pseudodeltidium of Micromitra (Paterina) crenistria (Walcott). It is described in tlais

monograph as M. (P.) logani (Walcott). Under date of July 23, 1896, Professor Whiteaves

wrote that there were no other specimens or electrotypes of the types of 31. (P.) hella (Billings)

in the collections of the Geological Survey of Canada, nor of the closely allied species of the

same genus from Topsail Head, mentioned by Billings [1872b, p. 478]. (See pp. 335 and 350,

and PL II, figs. 1 and Ic.)

Billings [1872b, pp. 477-478] describes the genus and species as follows:

The ventral 7 valve of /. hella is conical, strongly elevated at the beak, hinge line nearly straight, posterior angles

narrowly rounded, sides and front nearly uniformly rounded, forming rather more than a semicircle. Posterior side

with a large false area and a convex pseudodeltidium, the width of which at the hinge line is nearly one-third the

whole width of the shell. The dorsal valve is semicircular, moderately convex, most elevated at the beak. The hinge

line appears to be straight. The form and structure of the posterior side (such as the area, foramen, deltidium, etc.)

can not be made out from the specimen, owing to its imperfection. The surface is covered with fine concentric striae,

which in the ventral? valve are continued around on the area. Of these striae there appear to be from fifteen to twenty

in the width of one line, their size varying somewhat in different parts of the specimen. There are also a few obscure

radiating striae. Width of ventral valve, seven lines; length, five lines; height, two lines.

Very little is to be added to this description from a study of the material from the north

side of the Straits of Belleisle and from Pennsylvania, except that the examination of a num-
ber of specimens has revealed the fact that there is no true perforation in the beak. Billings

states that in the specimen described by him there is an aperture in the beak, but in another

there is no appearance of one. I observed a narrow furrow near the apex of the beak in

a specimen from L'Anse au Loup, Labrador, but there was no aperture through the shell.

Several other specimens afford no traces of even a slight slit in front of the beak. The presence

of this depression or furrow is mentioned, and its character set forth in the description of the

genus Micromitra (p. 335).

Formation and locality.—Lower Cambrian : (2n) Limestone bowlders in conglomerate, along the shore of the St.

Lawrence, near Trois Pistoles, Temiscouata County; and (2o) limestone bowlders in conglomerate on shore at east entrance

to harbor at Bic, Rimouski County; both in Quebec, Canada.

(314e [Billings, 1872b, p. 478]) Limestone at Topsail Head, Conception Bay, Newfoundland.

(393a) Limestone [Walcott, 1891b, p. 254] at L'Anse au Loup, on the north shore of the Straits of Belleisle,

Labrador.

(326g [Grabau, 1900, p. 617]) Limestones at East Point, Nahant, Essex County, Massachusetts.

(49) Sandstone on Codorus Creek, 0.125 mile (0.2 km.) below Meyer's mill, near Emigsville, York County;

(346a) limestones in Landis Valley, Lancaster County; and (49w) limestones in raih-oad cut 0.25 mile (0.4 km.) south

of Emigsville, York County; all in Pennsylvania.

(25) Sandstone just above Parker's quarry, near Georgia, Franklin County, Vermont.

/ Micromitra (Paterina) crenistria (Walcott).

Plate III, figures 4, 4a-b.

Iphidea crenistria Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, p. 713, PI. LIX, figs. 4, 4a-b. (Described and discussed

essentially as below as a new species. The specimen represented by figs. 4, 4a-b is redrawn in this monogi-aph,

PI. Ill, figs. 4, 4a-b.)

Ventral valve subconical, beak nearly apical, curving slightly over to the pseudodeltidium.

False area very narrow, separated from the curvature of the shell by being turned somewhat
abruptly backward. Pseudodeltidium comparatively broad, but decidedly short as compared
with that of Micromitra (Paterina) hella (Billings) or M. (P.) swperia (Walcott). It is more
the type of that of M. (P.) labradorica (Billings). It is strongly arched, leaving a broad, high

space between it and the plane of the shell.

Dorsal valve unknown. Surface of ventral valve marked by very fine, slightly crenulated

striae that are so crowded on the false area that they are nearly lost, and only one or two varices

of growth and a few strise are shown on the pseudodeltidium. No traces of an apical opening

have been seen. On some shells a faint furrow is seen on the apex.
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This species is clearly distinguished from other described forms of the subgenus by its

highly arched pseudodeltidium and crenulated surface striae.

An imperfect ventral valve from the upper portion of the Secret Canyon shale of the Eureka

district section, Nevada, has somewhat coarser striae than this species, but otherwise it appears to

be the same. Specimens from near Schellbourne, Nevada, appear to be identical with the Grand

Canyon form. A single imperfect ventral valve, from the Orr formation, 930 feet above the

base of the Upper Cambrian, in the House Range section of Utah, is very much like the specimen

from the Secret Canyon shale of Nevada and is tentatively placed with it under this species.

The Grand Canyon, Utah, and Nevada shells appear to be descendants of M. (P.) lahradorica

of the Lower Cambrian and its varieties in the lower portion of the Middle Cambrian of the

Cordilleran region.

This form owes its specific name to the finely crenulated strise with which its outer surface

is characterized.

FoKMATioN AND LOCALITY.—Upper Cambrian: (313) Limestone 0.75 mile (1.2 km.) east-northeast of McGill post

office, AATiite Pine County, Nevada.

Middle Cambrian: (75) "Tonto" sandstone, near the water's edge, at the mouth of Kanab Canyon, where it

enters the Grand Canyon of the Colorado; (73b) sandstone in upper part of Tonto group, lower portion of Kwagunt

Valley, Grand Canyon of the Colorado; and (74) sandstone about 300 feet {91.4 m.) above the base of the Tonto group, at

the head of Nunhoueap Valley, Grand Canyon of the Colorado; all in Arizona.

(313b) Limestone 3 miles (4.8 km.) north-northeast of Schellbourne, Schell Creek Range, ^Vhite Pine County,

Nevada.

(13b) Sandstones of the Rome formation, northeast of Rhea Springs [Hayes, 1894, areal geology sheet], Roane

County, Tennessee.

Specimens somewhat doubtfully referred to this species occur at the following localities:

Upper Cambrian: (30]) About 950 feet (289.6 m.) above the Middle Cambrian and 2,450 feet (746.8 m.) below the

top of the Upper Cambrian near the base of the arenaceous shales and limestone forming le of the Orr formation [Wal-

cott, 1908f, p. 176J, on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House Range [Walcott, IQOSf , PL XIII],

Millard County, Utah.

Middle Cambrian: (58) Shaly limestones in the upper beds of the Secret Canyon shale, east side of New York and

Secret canyons, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

MicEOMiTEA (Paterina) etheridgei (Tate).

Plate III, figm-es 10, lOa-c.

Platyceras etheridgei Tate, 1892, Trans. Roy. Soc. South Australia for 1892, vol. 15, pt. 2, p. 184, PI. II, figs. 7a-c. (De-

scribed and discussed as a new species. The two specimens represented by figs. 7a-c are redrawn in this

monograph, PL III, figs. 10, lOa-b.)

The original description by Tate follows

:

Shell small, broadly conical; apex obtuse, posterior, recurved, but not spii-al, usually protruding beyond the pos-

terior margin; apertm-e roundly oval, but iiTegular in outline, subtruncated and narrowed posteriorly. Surface orna-

mented with rather thick subimbricating concentric folds of growth, and ciu-ved beneath the apex coincidently with

the posterior margin; faintly radially wrinkled.

This very common species exhibits considerable variability in the outline of the apertm-e, and the amount of back-

ward projection of the apex. The shells seem to have lived on iiTegular surfaces, and in some instances at least upon

trilobites. The proportionate measm-es of the basal diameter and height are as 4 to 3; the longest diameter observed is 6

mills.

The exammation of the type specimen of this species shows that the shell substance is

corneous, that there is a true false area, and that the species is closely related to Micromitra

(Paterina) superia (Walcott). All of the specimens in the collection are ventral valves, and

these differ considerably in elevation, apparently owing to the upward arching of the posterior

margin beneath the false area. This characteristic distinguishes the species from M. (P.)

superba and allied forms.

The specific name was given in honor of Dr. R. Etheridge, jr.

Formation and locality.—Middle ? Cambrian: (315 [Tate, 1892, p. 184]) Limestone at Curramulka, Yorke

Peninsula, South Australia.
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,
MiCROMiTRA (Paterina) labradorica (Billings).

Plate II, figures 2, 2a-f.

Oholus lahradoricus Billings, 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 6, fig. 6. (Described as anew
species. The specimen represented by fig. 6 is redrawn in this monograph, PI. II, fig. 2.)

Oholus lahradoricus Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 946, fig. 345. (Copy of preceding
reference.)

Oholus lahradoricus Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 218, fig. 345. (Copy
of preceding reference.)

Oholus lahradoricus Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, p. 284, fig. 291. (No text reference.

Fig. 291 is copied from Billings, lS61b, fig. 6, p. 6.)

Iphidea lahradorica Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 4, p. 478. (Merely chances o-eneric

reference.)

Iphidea lahradorica Billings, 1874, Geol. Survey Canada, Paleozoic Fossils, vol. 2, pt. 1, p. 76. (Copy of precedino-

reference.)

Kutorgina lahradorica (Billings), Walcott (in part), 1886, Bull. U. S. Geol. Survey No. 30, p. 104, not PL IX, fio-s. 2
2a-b. (Original description, Billings, 1861b, p. 6, copied and species discussed. The specimens figured,

however, belong with Micromitr-a (Paterina) labradorica sivantonensis.)

Not Paterina lahradorica Beecher, 1891, Am. Jour. Sci., 3d ser., vol. 41, footnote, pp. 345-346, PI. XVII, figs. 1 and 2.

(The specimens here referred to belong with Micromitra (Paterina) labradorica swantonensis
.)

Kutorgina labradorica (Billings), Walcott, 1891, Tenth Ann. Rept. IT. S. Geol. Survey, p. 609, PL LXIX, figs. 3, 3a-b.
(Mentions new locality. The specimens represented by figs. 3, 3a-b are redrawn in this monograph, PL II,

figs. 2d, 2c, and 2a, respectively.)

Not Paterina labradorica Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York, for 1891, p. 247,
fig. 258. (Genus Paterina described. Fig. 258 is copied from Walcott, 1886b, PL IX, figs. 21} and 2a, but the
specimens belong with Micromitra (Paterina) lahradorica swantonensis.)

Iphidea labradorica (Billings), Schuchert (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 234. (Accepts Billings's

reference of "Oholus lahradoricus" to Iphidea, but includes reference to specimens of Micromitra (Paterina)

labradorica swantonensis.)

Iphidella lahradorica Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 307. (Merely changes generic reference.)

Ventral valve depressed, conical; the beak high and arched over the narrow area. Car-
dinal slopes flattened so as to form a narrow false area, which is clearly defined from the
curvature of the shell by a sharp angle

;
pseudodeltidium unknown.

Dorsal valve moderately convex, transverse, the hinge line being usually a little shorter
than the greatest width of the shell below. Beak small, slightly incurving over the pseudo-
deltidium. In some specimens there is a broad low mesial sinus, while in others this feature

is scarcely discernible. Cardinal slope nearly vertical, formiag a clearly defined narrow area,

broken at the center by a broad pseudodeltidium, the center of which is marked by a rather

broad, slight groove. The pseudodeltidium is well shown in two specimens, but the details

of its characters are not so well exhibited as in specimens of the dorsal valve of Micromitra
{IpMdella) pannula (White). Strise of growth cross the false area and pseudodeltidium.

The surface is marked by rather fine concentric strife that are quite regular near the apex
of the shell, but less so outward toward the margin, as shown by the type specimens that

Wbiteaves kindly sent on to me for study. These also show fine, radiating strire that cross

the concentric strife and lines of growth, giving to the striae a slightly crenulated appearance
somewhat similar to that of Micromitra (Paterina) pros-pectensis (Walcott). Where the shell

is exfoliated, radiating strife are distmctly shown on the cast of the interior. On specimens
from the limestone carrying Olenellus, etc., at Topsail Head, Conception Bay, Ne^\^oundland,

the surface striae are less distinctly marked and the shells are smaller, but there appears to be
no specific difference between those from the Straits of Belleisle. Shell substance corneous.

With a type specimen from L'Anse au Loup before me for comparison with the form from
the Lower Cambrian limestone east of Swanton, Vermont, I am still inclmed to distinguish the

latter as the variety swantonensis. The strife of the Swanton shells are usually finer and more
regular and the valves less transverse in proportion to the length. It is quite probable that

these differences would largely disappear on the comparison of a larger series of specimens
from the type locality, as there is a considerable range of variation among those from east of

Swanton and those from Topsail Head.
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In the Hanford Brook section of New Brunswick I found very good illustrations of this

species in Matthew's "Etcheminian."

This form owes its specific name to its occurrence at the Straits of Belleisle, Labrador.

Formation and locality.—Lower Cambrian: (41a) Limestone [Walcott, 1891b, p. 260] on the mainland beneath

Topsail Head, Conception Bay; (314e [Walcott, 1886a, p. 150]) limestone at Topsail Head, Conception Bay; (5r) lime-

stone near the railroad track 1.5 miles (2.4 km.) west of the railway station at Manuels, Conception Bay; (5t) shale

and limestone nodules about 20 feet (6 m.) above the base of the Cambrian, on Redrock Point, near Chappie Cove,

Hollj^wood Point, Conception Bay; (51) limestone on Smith Point, in Smith Sound, Trinity Bay; and (314f) lime-

stone of B7 of the section at Bonne Bay [\A^alcott, 1891b, p. 255]; all in Newfoundland.

(392a) Limestones [Walcott, 1891b, p. 354] at L'Anse au Loup on the north shore of the Straits of Belleisle, Labrador.

(3a) 450 feet (137.1 m.) below the quartzite in the St. John formation and over 500 feet (152.4 m.) below the

Protolenus zone of Matthew [Walcott, 1900, pp. 320-322], Hanford Brook; and (301v [Walcott, 1900, p. 322]) sandy

shales of Division 2b of the "basal series' ' of Matthew, on Hanford Brook; both in St. John County, New Brunswick.

(2o) Limestone bowlders in conglomerate on shore at east entrance to harbor at Bic, Rimouski County, Quebec.

(8b) Limestone just north of Beman Park, in the northeastern part of the city of Troy, Troy quadrangle (U. S. Geol.

Survey), Rensselaer County, New York.

(304o) Sandstone at Nuneaton, England.

(Iv) Shales of No. 3 of the Silver Peak group. Barrel Spring section [Walcott, 1908f, p. 189], 3 miles (4.8 km.)

north of Valcalda Spring and 4 miles (6.4 km.) west-northwest of the Drinkwater riiine, Silver Peak quadrangle

(U. S. Geol. Survey), Esmeralda County, Nevada.

(57r and 58s) About 150 feet (46 m.) below the Middle Cambrian near the base of the limestones forming 3 of

the Mount "WTiyte formation [Walcott, 1908c, p. 241 (10)], just above the tunnel on the north shoulder of Mount

Stephen, about 3 miles (4.8 km.) east of Field, British Columbia.

Specimens somewhat doubtfidly referred to this species occur at the following locality

:

Lower Cambrian: (2r) Limestone bowlders in a conglomerate in a cut on the Intercolonial Railway, 2 miles

(3.2 km.) west of Bic railway station, Rimouski County, Quebec.

MicROMiTRA (Paterina) labradorica orienTALIS (Walcott).

Plate II, figure 11.

Iphidella labradorica orientalis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 305-306. (Characterized as below

as a new variety.)

Only one dorsal valve of this shell occurs in the collection. Its general form and surface

characters are very much like those of Micromitra {Paterina) labradorica swantonensis (Walcott)

[PL II, figs. 3, 3a-f]. The varietal name is given more on account of the fact that this shell

occurs in China and the variety swantonensis on the eastern side of the North American con-

tinent than from any marked differences between the shells from the two localities. It may
be that with a good series of shells from China differences would be found that are not to be

determined with only the single shell for comparison.

Fokmation and locality.—Middle Cambrian: (C9) Lower limestone member of the Kiulung gi'oup [Blackwelder,

1907a, pp. 37 and 39 (3d list of fossils)], 3 miles (4.8 km.) southwest of Yenchuang, Sintai district. Shantung, China.

Micromitra (Paterina) labradorica swantonensis (Walcott).

Plate II, figm-es 3, 3a-f.

Kutorgina labradorica Walcott (in part) [not (Billings)], 1886, Bull. U. S. Geol. Survey No. 30, PI. IX, figs. 2, 2a-b.

(The text reference [on page 104] includes only specimens belonging to the species Micromitra (Paterina) labra-

dorica. The figures represent specimens of the variety swantonensis, which are redrawn in this monograph,

PL II, figs. 3, 3a-b, respectively.)

Kutorgina labradorica swantonensis Walcott, 1890, Proc. U. S. Nat. Mus. for 1889, vol. 12, p. 36. (Characterized as

a new variety.)

Paterina labradorica Beechek [not (Billings)], 1891, Am. Jour. Sci., 3d ser., vol. 41, footnote, pp. 345-346, PI. XVII,

figs. 1 and 2. (Discussed as the type of the new genus Paterina. Figs.' 1 and 2 are copied from Walcott's

figures, 1886b, PI. IX, figs. 2b and 2, respectively.)

Kutorgina labradorica sivantonensis Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 609, PL LXIX, figs.

2, 2a-b. (Characterized. Figs. 2, 2a-b are copied from Walcott, 1886b, PI. IX, figs. 2, 2a-b.)

Paterina labradorica Hall and Clarke [not (Billings)], 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

p. 247, fig. 258. (Genus Paterina described. Fig. 258 is copied from Walcott, 1886b, PL IX, figs. 2b and 2a.;

Iphidea bella Hall and Clarke [not Billings], 1892, idem, p. 249, PL IV, figs. 4 and 5. (Mentioned.)
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Iphidea bella Hall and Clarke (in part) [not Billings], 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 98,

PI. IV, figs. 8 and 9 (not fig. 54, p. 98, which is refen-ed in this monograph to Micromitra (Paterina) bella). (Men-

tioned in the text. Figs. 8 and 9 are copied from Hall and Clarke, 1892a, PI. IV, figs. 4 and 5, respectively.)

Iphidea labradorica Schuchbkt (in part) [not (Billings)], 1897, Bull. U. S. Geol. Survey No. 87, p. 234. (Accepts

Billings's reference of "Obolus labradoricus" to Iphidea, but includes reference to specimens of both Micromitra

[Paterina) labradorica and its variety swantonensis .)

Iphidea labradorica swantonensis (Walcott), Schuchert, 1897, idem, p. 234. (Merely changes generic reference.)

Iphidella labradorica swantonensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 307. (Merely changes generic

reference.)

Iphidea swantonensis (Walcott), Grabau and Shimbr, 1907, North American Index Fossils, vol. 1, p. 201, figs. 234i

and 234j, p. 199. (Described. Figs. 234i and 234] are copied from Walcott, 1886b, PL IX, figs. 2a and 2b,

respectively.)

The general form of the two valves of tliis variety is so close to that of Micromitra (Paterina)

labradorica (Billings) (p. 347) that it will not be necessary to repeat the description. The dif-

ferences existing in the variety swantonensis have been mentioned in describing the species.

The variety is exceedingly abundant in the Ole7ieTlus-hea.rmg limestone, 2 miles (3.2 km.) east of

Swanton, Vermont, in association with Kutorgina cingulata (Billings). Shell substance corneous.

The most interesting addition to our knowledge of the species is the discovery of the

presence of a narrow area on the ventral valve and a short pseudodeltidium, as shown in a

longitudinal section (PL II, figs. 3c-f). The existence of the area and pseudodeltidium in the

ventral valve of the variety swantonensis, the form studied by Beecher, and in the dorsal valve

of M. (P.) labradorica, was unknown at the time that Beecher [1891, p. 345] selected M. (P.)

labradorica swantonensis (see p. 344) as the simplest form or prototype (Paterina) , "preserving

throughout its development the main features of a protegulum, and showing no separate or

distinct stages of growth."

The discovery of the area and pseudodeltidium refers the species and its varieties to the

genus Micromitra [Walcott, 1897b, p. 707].

The exact stratigraphic position of Locality 87 has not been made out, but from the

associated species of Agnostus and PtycTioparia, it is evidently to be referred to the Middle

Cambrian.

This form owes its varietal name to its occurrence in the vicinity of Swanton, Vermont.

Formation and locality.—Middle Cambrian: (87) Conglomeratic limestone 1 mile (1.6 km.) south-southwest

of Highgate Falls, Franklin County, Vermont.

Lower Cambrian: (25a) Limestone on the Hall {Donaldson' s) farm, 2 miles (3.2 km.) east of Swanton; (319z) sandy

limestone 2.5 miles (4 km.) east of Swanton; (26) sandstone northeast of the Corman farm buildings, east of Highgate

Springs; and (319y) sandstone 2 miles (3.2 km.) east-southeast of Highgate Springs; all in Franklin County, Vermont.
(319x) Limestone at the crossing of East Creek and Grove Street, 1.25 miles (2 km.) north of Rutland, Rutland

County, Vermont.

Micromitra (Paterina) labradorica utahensis (Walcott).

Text figure 24, page 350; Plate II, figures 8, 8a.

Iphidella labradorica utahensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 306. (Characterized as a new variety.)

The general form of this variety is much like that of Micromitra (Paterina) labradorica

(Bilhngs). It differs from it in the fine, threadlike, concentric striae of the outer surface, in

this respect approaching M. alabamaensis (Walcott) and M. (P.) superba (Walcott). During
the field season of 1906 fine specimens of this variety were found in the limestones 760 and
1,200 feet above the c(uartzitic sandstones referred to the Lower Cambrian. A ventral valve

6 mm. in width has a convex pseudodeltidium 1.25 mm. in length, with a width of 2.5 mm. at

its shghtly arched margins. The variety swantonensis also has a wide, convex pseudodeltidium
(PL II, figs. 3e, 3f).

Formation and locality.—Middle Cambrian: (30c) About 1,050 feet (320 m.) above the Lower Cambrian and
3,350 feet (1,021.1 m.) below the Upper Cambrian in the shales forming Id of the Swasey formation [Walcott, 1908f,

p. 182], at the head of Dome Canyon, House Range [Walcott, 1908f, PL XIII], Millard County; (3d) concretionary lime-

stone about 100 feet (30.5 m.) above the quartzitic sandstones of the Cambrian, at Ophir, OquuTh Range, Tooele
County; (30p) about 125 feet (38 m.) above the Cambrian quartzitic sandstones, on the north side of Ogden Canyon,
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about 1 mile (1.6 km.) above ita mouth, east of Ogden, Weber County; (30u) about 250 feet (76.2 m.) above the top of

the Cambrian quartzitic sandstones, in sandy shales, 4 miles (6.4 km.) northwest of Promontory Point (on the

" Lucin cut-off " of the Union Pacific Railway), about halfway

up west end of ridge, north of Great Salt Lake, Boxelder County;

(34m) limestone about 765 feet (233.2 m.) above the Brigham

quartzite fWalcott, 1908a, p. 8], 1 mile (1.6 km.) northwest of

Geneva (Copenhagen), east of Brigham, Boxelder County; and

(32d) shales about 150 feet (45.7 m.) above the Brigham quartz-

ite [Walcott, 1908a, p. 8], on the east side of the south fork of

Paradise Dry Canyon (locally known as East Fork), east of Par-

adise, Cache Valley, Cache County; all in Utah.

^' (54a) About 750 feet (228.6 m.) above the Brigham quartzite

Figure 2i.- Micmmitra {Paterina) labmdorica utahemis (Wal- and 3,440 feet (1,048.5 m.) below the Upper Cambrian in the

cott). A, A', A", Top.side, and back views of a ventral valve shales forming 2a of the Ute limestone [Walcott, 1908f, p. 196];
from Locality 64m, Middle Cambrian limestones in Blacksmith (g^o) about 900 feet (274.3 km.) above the Brigham quartzite
I-ork Canyon, Cache County. Utah (U. S. Nat. Mus. Cat. No. ^^^ 3 j^^^ g ^^ ^^^^^ ^^^ ^ Cambrian in the
51434).

»- limestone beds forming lb of the Ute limestone [Walcott, 1908f,

p. 196]; and (54m) about 1,225 feet {S73A m.) above the Brigham quartzite and 2,950 feet (899.2 m.) below the Upper Cam-

brianin the upper part of the limestone forming la of the Ute limestone [Walcott, 1908f, p. 195]; all in Blacksmith Fork

Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

MicROMiTRA (Paterina) labradorica var. undt.

This form is distinguished from Micromitra (Paterina) labradorica (Bilhngs) and its varie-

ties by having much finer and more closely arranged concentric striae. In other characters it

approaches very closely to the typical forms of the species.

Formation and locality.—Lower Cambrian: (Iv) Shales of No. 3 of the Silver Peak group, Barrel Spring section

[Walcott, 1908f, p. 189], 3 mUes (4.8 km.) north of Valcalda Spring and 4 miles (6.4 km.) west-northwest of the Drink-

water mine, Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

Micromitra (Paterina) logani (Walcott).

^ Plate II, figures 6, 6a-b.

fyhidea logani Walcott, 1897, Proc. U: S. Nat. Mus., vol. 19, pp. 711-712, PL LIX, figs. 2, 2a-b. (Described and

discussed essentially as below as a new species. The specimen represented by figs. 2, 2a-b is redrawn in this

monograph, PL II, figs. 6, 6a-b.)

Ventral valve conical, transverse in outhne at the base, almost semicircular. Beak minute,

incurving over the pseudodeltidium. Cardinal slopes rounded and flattened so as to form a

fairly well-defined false area that is broken by a very wide triangular space. Pseudodeltidium

arching upward, forming a narrow, sloping shelf beneath the beak, the angle of slope from the

summit of the shell over the beak and pseudodeltidium being nearly the same as the slope from

the summit to the fi'ont.

Surface marked by very fine concentric striae and somewhat coarser Unes of growth. Under

a high power sUght traces of radiating strire may be observed. The concentric striae pass around

over the false area and cross the pseudodeltidium. Shell substance corneous.

Observations.—This specimen was received from Whiteaves, of the Geological Survey of

Canada, as the type of M. (P.) bella (Bilhngs) . It differed, however, so materially from the

description of that species [Billings, 1872b, pp. 477-478] and the figure illustrating it that I

found it necessary to give it a distinct specific designation. (See pp. 335 and 345.)

Tliis species approaches most nearly M. (P.) crenistria (Walcott) in its short pseudodel-

tidium and fuiely striated surface. It differs, however, in the character of the surface striae,

the form of the false area, and the pseudodeltidium.

The specimen bears the label "Trois Pistoles, 1S6S, T. C. Weston." It was collected from

a bowlder in the conglomerate at that locality, and it is probably of Middle Cambrian age, though

this can not be stated positively, as there are no associated fossils. Billings [1872b, p. 478]

speaks of the occurrence of fragments of trilobites in the bowlder containing his type of Micro-

mitra (Paterina) bella. He does not mention the genera or species.
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The conglomerates of tliis formation, according to Logan, form 9 separate layers, from 2

to 16 feet tliick, bedded in gray calcareous sandstone. The geologic age of the deposit of the

matrix is supposed to be Upper Cambrian or Lower OrdoTician. The age of the bowlders can

only be determined by the fossils found in each.

The specific name was given in honor of Sir Wilham E. Logan.

Formation and locality.—Middle? Cambrian: (2n) Limestone in conglomerate on shore near Trois Pistoles,

on St. Lawi-ence River, Province of Quebec, Canada.

Micromitra (Paterina) major (Walcott).
V

Text figure 25.

Iphidella major Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, p. 304. (Described and discussed somewhatas
below as a new species. Specimens now referred to MicroTnitra {Paterina) williardi were included with the

specimens representing Micromitra (Paterina) major when this description was given.)

Obolus smithi Walcott (in part), 1908, Smithsonian Misc. Coll., vol. 53, No. 3, PL VII, fig. 9 (not fig. 9a, which rep-

resents a specimen of Obolus smithi). (No text reference. Fig. 9, which is reproduced in this monograph as

fig. 25, was inserted on PL VII of the above reference by mistake. All of the figures representing the two species

(Obolus smithi and Micromitra (Paterina) major) happened to be grouped on the same preliminary plate, and
when two figures were chosen to represent Obolus smithi in the paper referred to, one of the figures representing

Micromitra (Paterina) "major was accidentally included.)

Ventral valve subcorneal, with the apex slightly in front of the posterior margin. A
minute beak appears to incurve over the pseudodeltidium. Cardinal slope

rather abruptly rounded, so as to indicate a rather narrow false area.

Pseudodeltidium broad and convex, with its lower margin arched so as to

leave a space between it and the plane of the margin of the shell. Dorsal

valve slightly convex, with a narrow area.

Surface, so far as can be determined from the badly preserved mate-

rial, marked by rather strong growth lines and very fine concentric striae. (Paterina) major (Wai

The largest dorsal valve has a length of 10.5 mm.; width, 13 mm. Only ™"'efroi?Lo1amy"6c!
one small ventral valve is kno^vn. Lower Cambrian beds in

^7 .. rni J 1 J ii • • • 1 Rome formation ("Mon-
Ooservahons.— ihe material representing this species is more or less tevaiioshaie"),i.i25miies

compressed and distorted in the argillaceous shales in which it occurs. ''•* '^™-' "ortheast of

T If • Ti T e Tir- • /T-i • \ T 1 -I
•

Helena, Shelby County,
in general form it is not unlike that or Micromitra (Fatenna) Laoradonca Alabama (u. s. Nat.

(Billings) (PL II, figs. 2, 2a-f), but it differs m its nearly smooth surface
mos. cat. No. 51499).

A

, , . . „ , .

• 11. This figure was published
and the position of the apex, it is, however, the southern Appalachian [Waioott,i908d,pi.vn,flg.

representative of that species. The original description of this species was
vlh4Tf'^06o*«s°5!f/^;i1°and

based on specimens now referred to this species and to Micromitra {Pater- was given cat. No. 5iciia.

ina) williardi Walcott. Very good specimens of the latter are now avail- under'thTs'econ'd reference

able from two localities near Helena, Alabama. ^ w^'' synonymy, tws was

rr^T • e • -n -1 • a mistake.
ihis lorm owes its specific name to its large size.

Formation and locality.—Lower Cambrian: (56c) Rome (" Montevallo") formation along road just north of Buck

Creek, 1.125 miles(1.8 km.) northeast of Helena; and (17b) Rome ("Montevallo") formation 4 miles (6.4 km.) south of

Helena; both in Shelby County, Alabama.

A dorsal valve similar to the one illustrated above occurs at the following locality:

Middle Cambrian: (90) Conasauga ("Coosa") shale on Edward's farm, near Craigs Mountain, about 10 miles (16.1

km.) southeast of Center, Cherokee County, Alabama.

Micromitra (Paterina) phillipsi (HoU).

i/ Plate III, figure 8.

Obolella phillipsi Holl, 1865, Quart. Jour. Geol. Soc. London, vol. 21, pt. 1, p. 102, figs. lOa-c. (Described as a new
species. The specimen represented by figs. 10b and 10c is redrawn by Davidson, 1866, PL IV, figs. 17a and 17c,

and Davidson's figures are copied in this monograph, PL III, fig. 8.)

Obolella ? phillipsi Holl, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, pp. 62-63, PL IV, figs. 17-19.

(Described and discussed. Figs. 17a and 17c are drawn from the specimen represented in figs. 10b and 10c of

the preceding reference, and are reproduced in this monograph, PL III, fig. 8.)

Kutorgina cingulata Davidson [not (Billings)], 1868, Geol. Mag., vol. 5, p. 312, PI. XVI, fig. 10. (Discussed.)
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Kutorgina cingulata Davidson [not (Billings)], 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, pp. 342-343,

PI. L, fig. 25. (Discussed. Fig. 25 is copied from fig. 10 of preceding reference (p. 351) and erroneously referred

to in the description of PI. L as "Kortugina cingulata.")

Oholella phillipsi Holl, Phillips, 1871, Geology of Oxford and the VaUey of the Thames, p. 68, Diagram XVII, fig. 12..

(No text reference.)

Obolellus ? phillipsi (Holl), Boembr, 1876, Lethaea geognostica, pt. 1, Lethsea palaeozoica, atlas, PI. II, figs. 6a-d. (No

text reference. Figs. 6a-d are copied from Davidson, 1866, PL IV, figs. 19, 17a, l7c, and 17b, respectively.)

Oholella phillipsia Holl, Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 41. (Mentioned as possibly belonging to an

undescribed genus.)

Kutorgina cingulata Davidson [not (Billings)], 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 212. (Characterized.)

Kutorgina cingulata Walootx (in part) [not (Billings)], 1886, Bull. U. S. Geol. Survey No. 30, pp. 102-104. (Speci-

mens now referred to Micromitra (Paterina) phillipsi were included with the specimens representing Kutorgina

cingulata when this description was written.)

Kutorgina cingulata phillipsi (Holl), Matley, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, pp. 145-147.

(Described and discussed as a variety.)

Tlie original description by Holl follows

:

Semicircular, slightly broader than long; hinge-line straight, nearly equal to the greatest width of the shell.

Ventral valve prominent at the beak, depressed near the margin; beak small, roimd, pointed, and situated close to the

posterior margin. Dorsal valve evenly convex, slightly depressed at the angles; umbo obtuse. A slight mesial depres-

sion toward the anterior border in both valves. Surface marked with numerous moderately fine, sharply defined,

rather unequal, concentric striae, at about their own width apart. Length- of a large specimen one-fourth inch, width

one-third inch.

The shell structure, where the outer layer has become exfoliated, is strongly punctate.

Observations.—Davidson [186S, p. 312] refers this form to Kutorgina cingulata (Billiags)

under the belief that the American and English species occur at the same relative geologic

horizon. The American species, however, occurs in association with the Olenellus fauna.

With the identification of the tj^pes of Kutorgina cingulata (BiUings) and Kutorgina lahradorica

(Billings), the latter species being referred to Micromitra (Paterina), it is no longer possible to

refer Roll's species to Kutorgina cingulata, it being clearly congeneric with Micromitra (Paterina)

lahradorica. It differs specifically from that species in a more depressed ventral valve.

The specific name was given in honor of Mr. J. Phillips.

Formation and locality.—Upper Cambrian: (304g [Roll, 1865, p. 89]) Sandstones of the Eollyhush series, Mal-

vern Hills, between Herefordshire and Worcestershire, England.

Lower Cambrian: (304c) "Malvern quartzite" at Raggedstone Hill; and (304d) "Malvern quartzite " at Mid-

summer Hill; both [Groom, 1902, p. 94] in the Malvern Hills, between Herefordshire and Worcestershire, England.

Micromitra (Paterina) prospectensis (Walcott).

Plate II, figures 4, 4a.

Kutorgina prospectensis Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, p. 19, PI. IX, figs. 1, la-b. (Described as a

new species. The specimens represented by figs. 1, la-b are ^edra^vn in this monograph, PI. II, figs. 4a and 4,

respectively.)

Kutorgina prospectensis Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 106-107, PI. IX, figs. 3 and 3a. (Copies

original description and discusses species. Figs. 3 and 3a are drawn from the specimens figured by Walcott,

1884b, PI. IX, figs, la and 1, respectively.)

Kutorgina prospectensis Walcott, 1891, Tenth Ann. Kept. IT. S. Geol. Survey, p. 610, PI. LXIX, figs. 4 and 4a. (Men-

tioned. Figs. 4 and 4a are copied from Walcott, 1886, PI. IX, figs. 3 and 3a, respectively.)

Iphidea prospectensis (Walcott), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 234. (Merely changes generic

reference.)

Iphidella prospectensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 307. (Merely changes generic reference.)

Ventral valve subcorneal, moderately elevated.

Dorsal valve moderately convex, the beak curving down to the posterior margin. The

character of the area and pseudodeltidium is unknown. The surface slopes gently from the

front to the highest point of the valve and arches down to the point of the beak. There is no

trace of a mesial sinus. The cardinal slopes diverge from the beak at an angle of about 170°.

Shell substance corneous.
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The surface of both valves is marked by clearly defined, regular, concentric strife that are

slightly crenulated by strise radiating from the beak outward to the margin. The concentric

strife show 10 in a distance of 1 mm. and 8 at the center of the dorsal valve.

Observations.—Nothing is known of the interior or the areas of either valve. The clearly

defined concentric strife, the thick corneous shell, and the long convex pseudodeltidium dis-

tinguish the species from all others of the genus known to me, with the possible exception of

Micromitra (Paterina) labradorica swantonensis (Walcott). In the latter species, however, the

stria3 are less regular, and present quite a different appearance under the magnifier. In the

original description [Walcott, lSS4b, p. 19] the comparison was made with Kutorgina cingulata

(Billings) as to certain points of resemblance between M. (P.) prospedensis and. the young

shells of K. cingulata.

This form owes its specific name to its occurrence on Prospect Mountain in the Eureka

district, Nevada.

Formation and locality.—Lower Cambrian: (Im and Ip) Limestones of No. 2 of the Silver Peak group, Barrel

Spring section [Walcott, 1908f, p. 189], about 2.5 miles (4 km.) south of Barrel Spring and 0.5 mile (0.8 km.) east of

the road, in the extreme southeastern corner of the Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County;

and (62) arenaceous shales just above the Prospect Mountain quartzite, in a stratigraphic position similar to that of the Pioche

shale [Walcott, 1908/, p. 184], at the top of Prospect Mountain, Eureka district [Hague, 1892, Atlas'], Eureka County; both

in Nevada.

y Micromitra (Pateeina) sTissiNGENSis-(Dwight).

Plate III, figures 1, la-e.

Kutorgina stissingensis Dwight, 1889, Am. Jour. Sci., 3d ser., vol. 38, pp. 145-147, PL VI, figs. 5-8. (Described and
discussed as a new species; see below for copy of paragraph on p. 146. The specimens represented by figs. 5, 6,

and 8 are redrawn in this monograph, PL III, figs. Ic, 1, and la, respectively.)

Kutorgina stissingensis Dwight, 1891, Trans. Vassar Brothers' Inst, for 1887-1890, vol. 5, pt. 2, p. 105, figs. 5-8, p.

108. (Described and discussed as a new species.)

Iphidea stissingensis (Dwight), Schtjchekt, 1897, Bull. U. S. Geol. Survey No. 87, p. 234. (Merely changes generic

reference.)

Iphidella stissingensis (Dwight), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 308. (Merely changes generic

reference.)

All the specimens of this species known to me are more or less compressed in an argillaceo-

arenaceous shale and impure limestone. As far as can be determined the ventral valve is

obtusely conical, with the apex slightly incurving.

Dwight [1889, p. 145] in his original description mentions the presence of a distinct false

area on the ventral valve, and I find in the two specimens traces of the area, also a wide, low,

sUghtly convex pseudodeltidium.

The dorsal valve appears to have been slightly convex and to have resembled closely the

general form and proportions of the same valve of Micromitra (Paterina) labradorica (Billings).

One somewhat crushed specimen shows a very low false area and a rather broad, low pseudo-

deltidium somewhat like that of M. (P.) labradorica. It is too imperfect, however, for detailed

description or illustration.

The surface of both valves is covered with very fine, sharp, slightly crenulated striae and
fine ridges of growth, crossed by very fine radiating strise and fine radiating undulations of

the same type as those in Micromitra sculptilis (Meek). The concentric strife cross the false

areas and pass over the pseudodeltidium. Shell substance corneous.

Dwight [1889, p. 146] describes the surface markings in detail as follows:

The concentric ridges are somewhat wavy as seen under a strong magnifier; they are semicircular; a number of

those lying nearest to the front margin run out along the upper part of the lateral margins, but the remainder and
larger number terminate in regular order along the cardinal border. In front of the central portions of the shell the

concentric ridges, which number about 12 to 15 to a millimeter, are regularly concentric; but nearer to the beak the

number and the irregularity greatly increase. At a point about one-third the length of the shell from the beak there

are 25 or more to the millimeter; as the radiating plications are numerous in this part, there is caused a complexity of

curves, which under a powerful magnifier produces the effect of elegant and delicate basketwork. The radiating

undulations are very irregular in position and number; they are not thoroughly continuous from the beak in specimens

62667°—VOL 51, pt 1—12 23
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observed, but appear at irregular intervals singly or in groups; while apt to be crowded around the beak, they are

rare near the front margin. On the best specimens about 25 have been counted in the central part of the shell just

forward of the beak; had they extended in equal distribution around it, quite to the cardinal border, there would

have been about 50. They are also unequal in breadth; where they are somewhat regular, the interspaces about

equal the plications in width; these plications are multiplied by implantation.

Observations.—Some young specimens show a surface ornamentation very much hke that

of Micromitra sculptilis (Meek) (PI. Ill), but the ornamentation of tlie adult shell is quite

distinct. As stated by Dwight [1889, p. 147], fragments of the shell in the shale might be

taken for the shell of "Lingulepis pinniformis" (see Lingulella (Lingulepis) acuminata (Con-

rad), p. 545). He also calls attention to the general resemblance to Micromitra (JPaterina)

lahradorica (Billiags).

Attention has been called under the description of M. alahamaensis (Walcott) (p. 337) to

the similarity of form and surface ornamentation between that species, M. (P.) lahradorica

(Billings), M. (P.) lahradorica swantonensis (Walcott), and M. (P.) stissingensis.

An apparently identical form occurs at Mount Stephen, British Columbia, in association

with Ogygopsis Tdotzi (Rominger). It has the same outline and shows the variations of surface

ornamentation so characteristic of M. (P.) stissingensis (Dwight) from New York. The radial

markiags are lightly impressed and are so often entirely obscured that the Mount Stephen

form frequently resembles the form described under the name of Micromitra zenohia (p. 342).

This forna owes its specific name to its occurrence near Stissing, New York.

Formation and locality.—Middle Cambrian: (367d [Dwight, 1889, p. 145]) Limestone near Stissing, Dutchess

County, New York.

A single specimen of a dorsal valve 3 mm. in width, that is apparently identical with shells

of similar size from the tj^pe locality, occurs at the following locaUty:

Middle Cambrian: (11m) Drill cores of limestone in the Bonneterre limestone at horizons 10 and 20 feet (3 and
6 m.) above the Lamotte sandstone, St. Francois County, Missouri.

Apparently identical forms occur at the following locality:

Middle Cambrian: (14s) About 2,300 feet (701 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the

Upper Cambrian, in the Ogygopsis zone of the Stephen formation [Walcott, 1908f, p. 210], at the "fossil bed" on the

northwest slope of Mount Stephen, above Field, on the Canadian Pacific Kailway, British Columbia.

{/ Micromitra (Paterina) stissingensis ora n. var.

This form is distinguished from the specimens tentatively referred to Micromitra {Paterina)

stissingensis on Mount Stephen and from the typical specimens of the latter species in New
York by its uniformly larger size and in its distinct radial striation. The Mount Stephen

representatives of M. (P.) stissingensis frequently betray so little evidence of radial striation

that they resemble Micromitra zenohia, a form which is associated with M. (P.) stissingensis

ora and which differs from the latter variety in the entire absence of radial striation. It is

possible that the Canadian forms will prove to be distinct from the New York species. Nothing

is known of the cardinal area or pseudodeltidium of M. (P.) stissingensis ora.

Formation and locality.—Middle Cambrian: (35k) Shales in the Stephen formation on the west slope of the

ridge between Mount Field and Wapta Peak, 1 mile (1.6 km.) northeast of Burgess Pass, above Field, British Columbia.

Micromitra (Paterina) stuarti Walcott.

Text figures 26A-B, page 355.

Micromitra (Paterina) stuarti Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 58, PL VII, figs. 8 and 8a.

(Described and discussed as below as a new species. Figs. 8 and 8a are copied on page 355, figs. 26A and 26A'",

respectively.)

Ventral valve subcorneal, mth a minute beak arching slightly over a short pseudodeltidium.

Cardinal slope with a rounded angle that extends from the beak to the posterolateral margin
and defines a.very narrow, flattened area on each side of a high triangular fissure that is covered

for a short distance at the top by a very short, arched pseudodeltidium.
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Figure 26.— Micromitra (Paterina) stuarti Walcott. A, A', A", Top, side, and back views of ventral valve,

the type specimen (U. S. Nat. Mus. Cat. No. 51485a). B, B', Top and side of dorsal valve (U. S. Nat.

Mus. Cat. No. 51485b).

The specimens represented are from Locality 54n, Middle Cambrian limestones in Blacksmith Fork Can-

yon, east of Hyrum, Cache County, Utah. Figures 26A and 26A" are copied from Walcott [1908d, PI. VII,

figs. 8 and 8a].

Dorsal valve rather strongly convex for a species of this genus; the highest pan is at

about the center of the shell, from whence the slope is very sUght to the beak, and rather rapid

to the front margin.

Beak marginal above

a low, broad arching

of the posterior mar-

gin of the shell; area

shown only by a yerj

narrow margin where

the shell bends toward

the median line; no
trace of a pseudodel-

tidium has been ob-

served.

Surface marked
by narrow, rounded,

concentric threadlike strise or ridges with short striae between them. Shell substance corneous.

The average size of adult shells is 8 mm. long by about the same width.

Observations.—Tliis is one of the larger species of the genus. Micromitra (Paterina) superha

(Walcott) occurs 16 feet (4.5 m.) below and Micromitra {Ifliidella) pannula (White) 70 feet

(21.3 m.) below in the same section.

This fine shell has a short pseudodeltidium much like that of M. (P.) logani (Walcott),

but it differs in form and greater size; the same is true of M. (P.) crenistria (Walcott). It

may be closely related to M. (P.) labradorica utahensis (Walcott), but the specimens of the

latter are too imperfect for close comparison of form.

The specific name is given for my son, Benjamin Stuart Walcott, who assisted me in col-

lecting the specimens during the summer of 1906.

Formation and locality.—Middle Cambrian: (54n) About 550 feet (167.6 m.) above the Brigham quartzite

and 3,640 feet (1,109.5 m.) below the Upper Cambrian, in the limestones forming 2e of the Ute limestone [Walcott,

1908f, p. 197], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Micromitra (Pateeina) supeeba (Walcott).

1/ Text figures 27A-B; Plate II, figures 7, 7a-f.

Iphidea cnf.? ornatella Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, PI. IV, figs. 6 and 7.

(No text reference.)

Iphidea superha Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, p. 711, PI. LIX, figs. 1, la-c. (Described. The speci-

mens represented by figs. 1, la-c are redrawn in this monograph, PI. II, figs. 7c, 7, 7a, and 7b, respectively.)

Ventral valve subconical, with a minute beak incurving over the pseudodeltidium. Car-
dinal slope slightly flattened so as merely to indicate an imperfectly defined rather narrow

false area. In some specimens
the curvature of the shell is

practically continuous to the

base of the pseudodeltidium.

Pseudodeltidium broad, con-

vex, with its lower margin
broadly arched, so as to leave
a considerable space between
it and the line of the general

plane of the shell.

Dorsal valve slightly con-

vex; most elevated a little in
front of the small beak which projects a little over the broad open space beneath it. No traces
of a false area or pseudodeltidium have been observed.

FiGXTEE 27.— Micromitra (Paterina) supcrba (Walcott). A, A', Top and back views of ventral
valve from Locality 84n, Middle Cambrian limestones in Blacksmith Fork Canyon, Cache
County, Utah (U. S. Nat. Mus. Cat. No. 51486). B, Side view of ventral valve showing
pseudodeltidium, from Locality 5iy, at the same locality but from a slightly lower horizon
than that of the specimen represented by figures 27A-A' (U. S. Nat. Mus. Cat. No. 51491).
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Surface with rather strong concentric striae, and a few somewhat obscure lines of growth.

On the ventral valve the strise extend around to and cross the pseudodeltidium. Shell sub-

stance corneous.

Observations.—This is one of the larger species of the genus, being surpassed in size only

bj' Micromitra (Paterina) labradorica (Billings). It is clearly distinguishable from M. (P.)

iella (BilUngs) by its larger size, more depressed ventral valve, and the form of the pseudo-

deltidium. The dorsal valves of the two species are quite similar. It differs from M. fealei

(Walcott) in its broad pseudodeltidium, false area, and surface markings.

One specimen has a length of 9 mm. and a little greater width. The area is vertical, the

pseudodeltidium being broken away.

This species is represented by some fine specimens that occur in the lower part of the

Middle Cambrian of northern Utah. Micromitra (Iphidella) pannula (White) occurs 54 feet

(16.5 m.) lower in the section and M. {Paterina) stuarti Walcott 16 feet (4.5 m.) higher up.>

Formation and locality.—Middle Cambrian: (74) Sandstone about 300 feet (91.4 m.) above the base of the

Tonto group, at the head of Nunkoweap Valley; (74d) sandstone beds in "Tonto" shale, just above massive sandstones

near mouth of Bass Canyon, on the south side of the Grand Canyon; and (73a) "Tonto" sandstone in Chuar Valley;

all in the Grand Canyon of the Colorado, Arizona.

(54n) About 550 feet (167.6 m.) above the Brigham quartzite and 3,640 feet (1,109.5 m.) below the Upper Cam-

brian in the limestone forming 2e of the Ute limestone; (54p) about 525 feet (160 m.) above the Brigham quartzite

and 3,665 feet (1,127.1 m.) below the Upper Cambrian in the shale forming 2f of the Ute limestone; and (54y) about

510 feet (155.4 m.) above the Brigham quartzite and 3,680 feet (1,121.7 m.) below the Upper Cambrian in the lime-

stones forming 2g of the Ute limestone; all in Blacksmith Fork Canyon [Walcott, 1908f, p. 197], about 10 miles (16.1

km.) east of Hyrum, Cache County, Utah.

(8j) About 575 feet (175.3 m.) above the unconformable base of the Cambrian in a shale which corresponds in

position to shale No. 4 of the Dearborn Kiver section [Walcott, 1908f
, p. 202], on the ridge between Gordon and Youngs

creeks, about halfway between Gordon Mountain and Cardinal Peak, Ovando quadrangle (U. S. Geol. Survey),

Powell County, Montana.

Specimens that are somewhat doubtfully identified with this species occur in the following

locality

:

Upper Cambrian: (160) Sandstones forming a remnant of the Gallatin formation, which lies between the expo-

sures of "porphyrite" on the east side of Willow Creek [Peale, 1896, areal geology sheet]. 12 miles (19.2 km.) south-

Bouthwest of Threeforks, Threeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

Micromitra (Paterina) undosa (Moberg).

Text figures 28A-C.

Kutorgina undosa Moberg, 1892, Geol. Foren. i Stockholm Forhandl. for 1892, Bd. 14, Hft. 2, p. 112, PI. Ill, figs.

10-12. (Described in Swedish as a new species; see below for free translation. Figs. 10-12 are copied in this

monograph as figs. 28C, 28A, and 28B, respectively.)

Moberg describes this form essentially as follows:

No specimen shows the umbonal part of the ventral shell completely preserved, yet it seems as if the umbo had

-projected somewhat beyond the straight hinge margin. From the umbo the shell slopes gently in all directions,

forming a rather feebly convex surface with even arch. The dorsal

valve is more flattened and less evenly arched than the ventral

and more transverse, with the anterior corners evenly rounded off.

The area is not quite distinctly preserved on any specimen; the

^. beak is situated quite near the posterior edge; it is sharply marked

„„ ,, : ,1, , ^ ;, /»f.,K.>™^ J Tj and projects with a somewhat blunt point. The ornamentation of
TiGXTR-E 28.— Micromitra (Palmna) undosa (Uoherg). A, B, r J

_

r
, , ,. , ^,

Ventral valves. C , Dorsal valve. the shell IS very characteristic ; the strongly marked Imes of growth

The specimens represented by figures 28A and 2SB are appear to be formed of a row of small bows, and on some specimens

from Locality 390a, drift blocks of Lower Cambrian sandstone there are fine, short, sharp, radiating, subordinate, depressed lines,

at Stora Ror, Oeland Island; tliat represented by figure 28C fj^g gj^gj] jg quite thick, and, it is thought, formed of a hornlike
is from Locality 390h, drift blocks of Lower Cambrian sand-

,,,v,„t„i,f,p
.stone on Nordmannaskar Island; both in Sweden. Figures

rdfo^%i;S^aXilS
^'-

"pr'estting'tbe Two specimens of medium size are 4 mm. and 3.5

type specimen. mm. long and 5 mm. and 4.75 mm. broad, respectively.

Judging by the fragments the species must have attained considerable size.
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Ohservations.—This form recalls Micromitra (Paierina) labradorica (Billings), which is found

in association with Discinella at Bio, Canada. The size and character of the shell indicate its

relationslxip to Micromitra rather than to Kutorgina.

Formation and locality.—Lower Cambrian: With Discinella in drift blocks of glauconitic quartzitic sand-

stone at the following localities [Moberg, 1892b, pp. 112 and 115]; (310f) west of Ekerum; (390a) at several points

near Stora Ror; (390(i) north of Rohalla; and (390h) on Nordmannaskar Island; all in the Kalmar district of the

Geological Survey of Sweden, Oeland Island, Sweden.

Moberg [1892b, p. 114] describes some fragments which he refers to Kutorgina sp. From

his statement that tlie fragments appear to be of a horny texture it is highly probable that

thej^ belong to the genus Micromitra.

Micromitra (Paterin.4.) wapta Walcott.
U

Text figures 29A-B.

Mcromtim (Po«€rma) tyapia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 59, PI. VII, fig. 6. (Described

and discussed as below as a new species. Fig. 6 is copied in this monograph as fig. 29A.)

Shell large and thick for a species of this genus. Ventral valve depressed, conical, with

the apex above a narrow false area that is outlined by the abrupt curvature of the shell. As

the shells usually occur compressed in the siliceous shale,

the false area is concealed and the posterior slopes from

the apex form a blunt angle at the apex. Dorsal valve

transverse, moderately convex, with the posterior margin

nearly straight and a little shorter thaii the greatest

width of the valve ; beak small, marginal ; cardinal slope

and false area unknown.
Surface marked by concentric, slightly irregular, ^

rounded lines and ridges of growth that are grouped in ^^^^^ 29.- Micromitra (Paicrina) wapta waicott. a,

bands of varying width; a few radiating striae or lines E.x-tenor of ventral valve, the type specimen (U.S. Nat.

occur on the central portions of one ventral valve; with ItMu.'StNfL^i.r'"™"'""''''™'™
*'''

a lens magnifying 20 diameters an occasional roughness ^he specimens represented are from Locality 35c, a

can be seen in reflected light on the surface of some of drift Wock of Lower Cambrian shale on Mount Bosworth,

.1 j_ • ^ Britisli Columbia. Figure 29.\ Is copied from Walcott
the concentric ridges.

_ _ _
[i908d,pi.vn,fig.6i.

Observations.—This is one of the largest species of

the genus. One ventral valve has a length and breadth of 14 mm.; several are 9 to 11 mm. in

diameter. It compares in size with Micromitra (IpJiidella) nyssa, from the same geologic hori-

zon in Montana, but the latter has a reticulate exterior surface of the J/. (/.) pannula type. It

was at first thought that this species might be the old shells of Acrothele colleni Walcott, but

a careful comparison with the younger stages of growth of M. (P.) wapta shows that the latter

has only very indefinite traces of the highly ornate surface of Acrotliele colleni and that the

apex of the ventral valve of M. (P.) wapta is imperforate and over the posterior margin and not

on the general surface of the valve in advance of the margin, as in Acrothele colleni. The two

species were found associated on Mount Bosworth. M. (P.) wapta is of the same type as M.
(P.) labradorica, M. (P.) prospectensis, and M. (P.) stissingensis. It differs from all in having

more irregular, less definite threadlike concentric lines, and in the manner in which the strise

are assembled in ridges.

The specific name is derived from Lake Wapta, which lies a little to the west of the type

localit}^.

Formation and locality.—Lower Cambrian : (35c) Drift blocks of siliceous shale supposed to have come from the

Mount Whyte formatioti [Walcott, 1908f, p. 214], found on the south slope of Mount Bosworth, a short distance northwest of

the Canadian Pacific Railway track between Stephen a?id Hector, eastern British Columbia, Canada.

(35e) About 270 feet (82.3 m.) below the Middle Cambrian, in a greenish siliceous shale correlated with No. 3 of

the Mount WTiyte formation on Mount Bosworth [Walcott, 1908f, p. 214], in the amphitheater between Popes Peak
and Mount W^hyte, about 3 miles (4.8 km.) northwest of Lake Louise, southwest of Laggan on the Canadian Pacific

Railway, Alberta, Canada.
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MicEOMiTRA (Paterina) williardi Walcott.

Text figures 30A-E; Plate II, figures 9b-c.

Iphidella major Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, p. 304. (Specimens now referred to M. (P.)

williardi were included with the specimens representing M. (P.) major when this description was written.)

Micromitra (Paterina) williardi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 60, PL VII, fig. 7. (Described

and discussed as below as a new species. Fig. 7 is copied in this monograph as fig. 30A.)

Ventral valve subconical, with the apex over the posterior third of the subcircular margin
of the valve ; false area narrow but clearly defined by a rather sharp angle on the cardinal slopes

that breaks the curvature of the

shell a short distance from the

margin of the pseudodeltidium;

pseudodeltidium broad, con-

vex, with its lower margia
broadly arched so as to leave

a space between it and the gen-

eral plane of the margin of the

shell. Some specimens of the

pseudodeltidium are uniformly

rounded, in others there is a

narrow groove extendmg from
the apex to the base, and on
some a very narrow faint ridge

is indicated.

Dorsal valve slightly con-

vex, transverse, and slightly

rounded at the cardinal margin.

No traces of a false area or

pseudodeltidium have been

observed.

The cast of the interior of the apex of the ventral valve shows a small apical callosity with

two radiating grooves extending upward toward the front lateral margin of the shell.

Surface marked b}^ very fine, strong, concentric, elevated striae that in a specimen 10 mm.
in diameter show seven elevated strife in a distance of 1 mm. ; the elevated striae are crossed

by very fine transverse striae; the elevated striae cross the false area parallel to its base and arch

over the pseudodeltidium.

A ventral valve 10.5 mm. in diameter has a height of 2.5 mm.
Ohservations.—This species is closely related to Micromitra (Paterina) swperha (PL II). It

differs in having a longer pseudodeltidium, more finely elevated striae on the surface, and a more
sharply elevated apex to the ventral valve. It is the Lower Cambrian representative of M. (P.)

superha.

The specific name is given in honor of Mr. T. E. WUliard, who collected the type specimen.

Formation and locality.—Lower Cambrian: (17b) Rome ("Montevallo") formation, 4 miles (6.4 km.) south

of Helena; and (56c) Rome (" Montevallo") formation, 1.125 miles (1.8 hm.) northeast of Helena; both in Shelby County,

Alabama.

riGUEE 30.— Micromitra (Paterina) williardi Walcott. A, A', A", Top, side, and back of a partly

flattened ventral valve (U. S. Nat. Mus. Cat. No. 514S2a). B, Pseudodeltidium with strong

lines and ridges of growth (U. S. Nat. Mus. Cat. No. 514S2b). C, Pseudodeltidium with

median furrow (U. S. Nat. Mus. Cat. No. 51482c). D, A small dorsal valve (U. S. Nat. Mus.

Cat. No. 51482d). E, Enlargement of the outer surface near the front margin of a ventral

valve, X 15 (U. S. Nat. Mus. Cat. No. 51482e). Figure 30A represents the type specimen.

The specimens represented are from Locality S6c, 1.125 miles (1.8 km.) northeast of Helena,

Shelby County, Alabama. Figure 30A is copied from Walcott [1908d, PI. VII, flg. 7).
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IPHIDELIiA Walcott, a subgenus of MICBOMITRA.

[Iphidea.]

Kutorgina Walcott (in part) [not Billings], 1886, Bull. U. S. Geol. Survey No. 30, pp. 101-102. (Genus Kutorgina

described, but description also includes reference to specimens now referred to Micromitra, Micromitra (Paterina),

and Micromitra (Iphidella).)

Kutorgina Hall and Clarke (in part) [not Billings], 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 90-94.

(Copies Walcott's description, 1886b, pp. 101-102, and discusses genus, but description and discussion also include

reference to specimens now referred to Micromitra, Micromitra (Paterina), Micromitra (Iphidella), Protorthis, and

Billingsella.)

Iphidea Billings, Walcott (in part), 1897, Proc. U. S. Nat. Mus., vol. 19, pp. 707-711. (Discussed. The genus as dis-

cussed includes species now referred to Mia-omitra, Micromitra (Paterina), and Micromitra (Iphidella).)

Iphidella Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, p. 304. (Merely proposed to replace Iphidea, but

includes reference to specimens belonging mth Micromitra, Micromitra (Paterina), and Micromitra (Iphidella).)

Iphidea Billings, Grabau and Shimer (in part), 1907, Nortb American Index Fossils, vol. 1, p. 201. (Described

and includes species referred to each of the subgenera Paterina and Iphidella.)

Micromitra (Iphidella) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 143. (Classifica-

tion of subgenus.)

IpTiidella was proposed to replace Iphidea, no species being given as the type. Micromitra

Meek [1873, p. 479] has prioritj' as the generic name, but as Iphidella was intended to inckide

the ornamental crenulated as well as plain tj^pe of surface, those species having the former tj^pe

are now grouped under Iphidella as a subgenus of Micromitra.

Type.— Trematis pannulus Wliite.

The species included in this subgenus and the description of their ornamented surfaces are

given under the description of Micromitra (p. 336). .

Micromitra (Iphidella) louise Walcott.

Text figures 31A-B.

Micromitra (Iphidella) louise Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 56-57, PL VII, figs. 4 and 4a.'

(Discussed as below as a new species. Figs. 4 and 4a are copied in this monograph as figs. 31A and 31B, .respec-

tively.)

In form tliis species is not unlike Micromitra pealei (PL III, figs. 3, 3a-e) and the more

elongate form of Micromitra {Iphidella) pannula maladensis (PI. IV, figs. 2, 2a-g). It differs

from both forms mentioned in its surface characters. In the

latter respect it is more hke M. (/.) nyssa (PI. Ill, figs. 9, 9a),

but the form of M. (I.) louise is more elongate and the apex

of the ventral valve is nearer to the posterior margin; the shell

also appears to have been thicker. The surface characters are

exceedinglyminute. Under a glass magnifying twentj' diameters

the surface looks much like that of the anterior half of Plate

IV, figure Is. The largest ventral valve in the collection has a figure si.— Micromitra (iphidaiayiouiseWai-

, ,!»__ i' -liij^rr 1 i- 1 cott. A, Flattened and partly distorted ven-
length of 7.5 mm. and a width of 7 mm.; elevation, 1 mm. traivai™, the type speciinen(u.s.Nat.Mus.

Micromitra {Iphidella) louise is the oldest known brachiopod cat. No. suoia.) b, side of laterally com-

- ,1.^ ,. p ,T r^ T -f-, ^ -\r , • t,i pressed ventral valve (U. S. Nat. Mus. Cat.
from the Cambrian or the Canadian Kocky Mountains, in the no. aiwib).

Lakes Louise and Agnes section it is 3,150 feet (960.1 m.) The specimens represented are Irom the

below the Middle Cambrian, and 2,760 feet (841.2 m.) below Lower Cambrian siliceous Lake Louise shale,

' 1
1 .

J! 7 . ^* Locahty 3Sd, on the north side of Lake
the horizon which is correlated on the basis of the associated Louise, Alberta, Canada. The figures are

faunas with that at which M. (/.) nyssa occurs in Montana,
"^^f^

^""^ '*^'^''=°" [""^'i' ^'- "^"' ^^'- *

It occurs in a fine, hard, dark-gray, siliceous shale in

association with Hyolithes, Cruziana, and a fragment indicating the free cheek of a trilobite.

a The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Iphidella were

formerly placed; it includes only those references in which the subgenus is discussed or described. For the sake of completing the record the

remaining mere generic references are here listed:

Trematis White [1S74, p. 6].

Iphidea Linnarsson [1876, p. 25].

Trematis White [1877, p. 36].

Kutorgina Walcott [1887, p. 190; 1891a, p. 609].

Iphidea Schuchert [1897, p. 234].

Iphidea Matthew [1902b, p. IIOJ.

Iphidea Gronwall [1902, p. 40).

Kutorgina Pack [1906, p. 296).
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TMs form owes its specific name to its occurrence on the shores of Lake Ijouise.

Formation and locality.—lower Cambrian: (35d) About 3,150 feet (960.1 m.) below the Middle Cambrian in

the siliceous Lake Louise shale [^^alcott, 190Sf, p. 216] in cliff on the north side of Lake Louise, at its upper end,

southeast of Laggan on the Canadian Pacific Railway, Alberta, Canada.

MtcROMiTRA (Iphidella) nyssa Walcott.

Plate III, figures 9, 9a.

Micromitra (Iphidella) nyssa Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 57, PI. VII, fig. 5. (Described

and discussed as below as a new species. Fig. 5 is copied in this monograph, PI. Ill, fig. 9.)

Ventral valve subcircular in outline, with the posterior margin almost transverse ;' form

depressed, conical, with a minute beak incurving over the pseudodeltidium. The cardinal slope

is compressed in all the specimens, but it indicates that there was an imperfectly defined

narrow area. Pseudodeltidium, as far as can be determined, broad and short, with its lower

margin broadly arched. Dorsal valve shghtly convex, beak marginal. No traces of a false

area or pseudodeltidium have been observed.

Surface marked by concentric strise and lines of growth that are crossed obhquety by two

sets of fine elevated line's. The crossing of the latter lines forms minute, shallow, rhomboidal

pits, which give to the surface the appearance of a fine network. On the ventral valve the

striae cross the pseudodeltidium. Shell substance corneous.

Ohservations.—This is one of the largest shells of this genus. The ventral valve has a length

of 11 mm., width 13 mm. In form it resembles Micromitra (Paterina) lahradorica (BilUngs)

and in surface characters M. (Iphidella) ^ omatella (Linnarsson) and some varieties of M. (I.)

pannula (Wliite).

Formation and locality.—Middle Cambrian: (iq) About 315 feet (96 m.) above the unconformable base of the

Cambrian and 190 feet (57.9 m.) above the top of the quartzitic sandstones, in a shale which corresponds in strati-

graphic position to the upper part of shale No. 6 [see Walcott, 1908f, p. 202], on the ridge between Gordon and

Youngs creeks, about halfway between Gordon Mountain and Cardinal Peak, Ovando quadrangle (U. S. Geol. Survey),

Powell County, Montana.

Micromitra (Iphidella) ornatella (Linnarsson).

Plate III, figures 6, 6a-d.

Iphidea ornatella Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 2.5-26, PI. Ill, figs.

42a-e, 43a-c. (Described and discussed in English as a new species; see below for copy.)

Iphidea ornatella Linnarsson, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 97-98.

(Mentioned in discussion of genus Iphidea.)

Iphidea ornatella Linnarsson, GrQnwall, 1902, Danmarks Geol. Unders^gelse, Rsekke 2, No. 13, p. 40. (Mentioned

in Swedish.)

The original description by Linnarsson follows:

Shell small, transversely oval; sides and front rounded; hinge line straight, or nearly so, shorter than the width

of the shell; cardinal angles rounded. Surface marked with retiform eminences, including small excavations. The

eminences often swell out and become higher at the crossing points, thereby giving to the sm-face a somewhat granu-

lated appearance (as in fig. 43). In some specimens there are also more or less distinct radiating ridges, especially

near the median line of the shell. The shell substance is apparently corneous, but I have not been able to discern

more than one layer.

The color in the specimens from Bornholm is black, in those from Westrogothia more brown. Ventral valve

convex, subconical. Beak erect and pointed, pierced by a minute round foramen. The posterior, visible only in

one specimen, is truncated, so as to form a false area, which has in the middle a triangular fissure, arched over, in

the upper part only, by a convex pseudodeltidium. Dorsal valve less convex, somewhat fiattened along the middle;

greatest height at the beak, which is not, however, so prominent as in the opposite valve. Hinge area not visible in

any of the specimens. Interior of both valves unknown. Two specimens measured : Length 3 mm., breadth 4 mm.;

and length 2 mm., breadth 3 mm.

Linnarsson [1876, p. 26] speaks of the presence of a minute foramen, but after the study

of several fuiely preserved ventral valves from the Paradoxides zone of Andraiiim, Sweden,

I am led to beheve that what he considered to be an apical foramen is the minute longitudinal
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furrow just in front of the beak, which is shown on the specimens before me and on otlier

species as mentioned in the discussion of the genus Micromiira (p. 335). At first sight it is

very difhcult to determine wliether there is an apical foramen or not, but with a strong light

and a high power the furrow in M. (/.) ornatella is seen to be smooth at the bottom and to

show no trace of an opening down through the shell.

The surface ornamentation is of the same type as that of Af. (/.) pannvla (Wliite). It

differs in details, but the range of variation in the surface of M. (/.) fannula (White) is greater

than the differences between its surface and that of M. (I.) ornatella.

The most marked distinction between tlie two species is in the foi-ni of the false area and
pseudodeltidium of the ventral valve; the dorsal valve of M. (/.) pannula also appears to be
more elevated. These differences, however, might disappear if we had a large number of

specimens of M. (/.) ornatella for comparison. With the material we now have they appear
to be of specific value.

One specimen from Andrarum shows a narrow area on each side of the wide, low, triangular

opening, the pseudodeltidium being broken away. Shell substance corneous.

Formation and locality.—Middle Cambrian: (8w) Limestones of the Paradoxides forchhammeri zone, at An-
drarum, 20 miles (32.2 km.) northwest of Simrishamn, Province of Christianstad; (320f) limestone at Andrarum, 20 miles

(32.2 km.) northwest of Simrishamn, Province of Christianstad
;
(320n) liniestones of the Paradoxidesforchhammeri zone at

Lovened, Djupadal, 19 miles {30.6 km.) south-southeast ofSkara, Province of Skaraborg; and (320y) limestones of the Para-

doxides forchhammeri zone at Gudhem, 12.5 miles (20.1 km.) south-southeast of Skara, Province of Skaraborg; all in

Sweden.

(324c) Shales of Etage Id [Brogger] at Krekling, in Sandsvar, Norway.
(161i) Limestones of the Paradoxidesforchhammeri zone at Borregaard, Bornholm Island, Denmark.

(6g) Limestone near the base of the Middle Cambrian, the lowest horizon carrying Paradoxides, northwest side of

Chappie Arm Harbor, about 1 mile (1.6 km.) from its head. Trinity Bay, Newfoundland.

MicROMiTRA (Iphidella) pannula (White).

l/
Text figure 32, page 362; Plate IV, figures 1, la-t, 3, 3a.

Trematis pannulus White, 1874, U. S. Geog. Surveys W. 100th Mer., Prelim. Kept., p. 6. (Described as a new species.)

Trematis pannulus White, 1877, idem, Final Rept., vol. 4, pt. 1, pp. 36-37, PI. I, figs. 4a and 4b. (Described and
discussed. The specimen represented by figs. 4a and 4b is redrawn in this monograph, PI. IV, fig. Ig.)

Kutorgina pannula (White), Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 105, PL VII, figs. 3, 3a; PI. VIII, figs.

2, 2a-c. (Copies the description and discussion given by White, 1877, pp. 36-37. PI. VII, figs. 3 and 3a, are

drawn from the specimen figured by White, 1877, PL I, figs. 4a and 4b. The three specimens represented by
figs. 3 and 3a, 2 and 2a, and 2b and 2c are redrawn in this monograph, PL IV, figs. Ig, Ij, and Ik and Ip,

respectively.)

Kutorgina pannula (White), Walcott, 1887, Am. Jour. Sci., 3d ser., vol. 34, p. 190, PL I, figs. 14, 14a-b. (Character-

ized from a new locality. The two specimens represented by figs. 14 and 14a and fig. 14b are redrawn in

this monograph, PL IV, figs. Im and Iq and figs. Ik and Ip, respectively.)

Kutorgina pannula (White), Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 609, PL LXIX, figs. 5, 5a-f.

(Mentioned. Figs. 5, 5a, and 5b are copied from Walcott, 1886b, PL VIII, figs. 2a, 2, and 2b; figs. 5c, 5e, and 5f

from Walcott, 1887, PL I, figs. 14, 14b, and 14a; and fig. 5d from Walcott, 1886b, PL VII, fig. 3. The six specimens

represented by figs. 5 and 5a and 5b-f are redrawn in this monograph, PL IV, figs. Ij, Ik, Im, Ig, Ip, and Iq,

respectively.)

Iphidea pannulus (White), Schucheet, 1897, Bull. U. S. Geol. Survey No. 87, p. 234. (Merely changes generic ref-

erence.)

Iphidea pannula (White), Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 110. (Char-

acterized from a new locality.)

Iphidella pannula (White), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 307. (Merely changes generic reference.)

Kutorgina pannula {White), Pack, 1906, Jour. Geol., vol. 14, No. 4, p. 296, PL II, tigs. 1, la-c. (Discussed. Figs.

lb and Ic are outline drawings after Walcott's figures, 1886b, PL VIII, figs. 2a and 2b; fig. la is an outline draw-

ing after Walcott's figure, 1891a, PL LXIX, fig. 5d.)

Iphidea pannulus (^^Tiite), Graeau and Shimer, 1907, North American Index Fossils, vol. 1, p. 201. (Described.)

Micromitra (Iphidella) pannula (White), Walcott, 1908, Canadian Alpine Journal, vol. 1, No. 2, p. 244, PL I, figs.

1, la-c. (No text reference. Figs. 1, la-c are copied in this monograph, PL 'IV, figs. Ir, le, Id, and Iq, respec-

tively.)

Ventral valve conical; beak slightly incurving over the pseudodeltidium. Cardinal slopes

rounded and flattened so as to form a not very strongly defined false area on each side of the

wide, triangular opening, wliich is crossed toward the summit by a low, highly rounded pseudo-
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deltidium; the latter projects directly outward at right angles to the false area and then curves

abruptly, so as to be almost flat across the center. A narrow, slight median groove extends

from beneath the apex to the posterior margin. Another specimen shows a portion of a pseudo-

deltidium that is somewhat less elevated than the one described. The apex of the valve just

outside of the extreme point of the beak is crossed by a very minute longitudinal depression

that is visible only under a strong magnifier.

Dorsal valve slightly convex, sloping regularly from the front margin to the small beak,

which is slightly incurved at the margin of the valve. False area clearly defined; in a speci-

men 10 mm. in width the area has a width of a little over 1 mm. at the side, narrowing to a

point at the apex. It is broken midway by a wide triangular opening, which is filled in by a

depressed pseudodeltidium. The sides of the deltidium turn in at nearly a right angle for a

short distance to the general plane of the pseudodeltidium, which extends across from side to

side. Posterior margin slightly arched, and its general surface broken midway by a narrow,

distinct groove, which extends from beneath the beak back to the posterior margin. (See PI.

IV, fig. If.) Strise of growth extend across

the false areas and pseudodeltidia in both

valves; shell substance corneous.

The surface ornamentation of this species

is as higlaly ornamental as that of any Cambrian

brachiopod. It appears to be formed of a

very fine network of oblique raised lines, which

divide it up into minute diamond-shaped pore-

like pits, a surface which resembles, under a

strong lens, the texture of finely woven cloth.

A closer examination, however, of some of the

larger shells shows, on the outer margin, cren-

ulated concentric lines, and a little farther back

on the shell more deeply crenulated lines; still

farther back the points of the crenulations

unite so as to form a solid network that gives

the appearance of oblique lines crossing at

nearly right angles (PI. IV, fig. Is).

The surface marking is so strongly char-

acteristic that the presence of the species has

been detected a number of times by finding

very small fragments of the shell. It not in-

frequently happens that in old shells the sur-

face characters have been almost entirely worn

away, traces of the ornamentation remaining

The wearing of the surface near the umbo is shown

FiGTiKE 32.

—

MicTomiIra (Iphidella) pannula (White). Ventral valve,

showing setEe, from Locality 35k, Middle Cambrian, Burgess shale

member of the Stephen formation, near Field, British Columbia.

This specimen is unique in being the first Cambrian brachiopod in

which the setse have been observed. The preservation of so frail a

portion of the anatomy of the brachiopod is no more remarkable,

however, than the presence in the same shales of aimelids showing

the fringe of setge around the mouth; of crustaceans of many kinds

showing the branchife and appendages; of trilobites with antermse,

branchiue, legs, etc.; of holothurians showing the podia and the

dental plates; of medusEE, sponges, etc.—a fauna which is now being

described and figured in volume 57 of the Smithsonian Miscel-

laneous Collections.

only in the vicinity of the cardinal slopes,

in Plate IV, figure Im.

In some specimens from Montana (Pi. IV, fig. Is) the surface is most beautifully pre-

served, and at first glance there appears to be a specific difference between it and the specimens

from Mount Stephen, central Nevada, and the Colorado Canyon. This may be seen by com-

paring figures Ir and Is (PI. IV). There are, however, intermediate forms that possess more

or less of the characteristics shown by the two figures. In some specimens there are fine,

radiating undulations extending from the apex to the margin that give to the shell an appear-

ance much like that of the young of M. sculptilis (Meek) and M. (Paterina) stissingensis (Dwight).

These are finely shown by Plate IV, figure In. The surface ornamentation is much like that

of M. (Iphidella) ornatella (Linnarsson) of Sweden. It differs but slightly in the form of the

depression formed by the \uaion of the crenulated strise.

This species has a wide geographic distribution, and it also occurs both in the Lower Cam-

brian in the Olenellus fauna, and in the Middle Cambrian in the Olenoides fauna. Its range in
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the West is from Nevada to Montana, and in the Appalachian region from eastern New York
to Alabama. At first, on account of its highly ornamented surface, I was led to think that it

might belong to a distinct genus from Micromitr'^,, but comparisons with M. sculptilis (Meek)

and the simple ornamentation of M. (Paterino'^ hella (Billings) show transitions in the orna-

mentation between the otherwise distinct forms.

Varieties of Micromitra (IpJiidella) pannula.—In collections from the Middle Cambrian
limestones of northern Utah and southern Idaho, material has been selected for illustration

which represents varieties of form and surface markings of Micromitra (IpJiidella) pannula

(White) that might be given specific names were it not for the intermediate phases which occur

at the same locality with the varieties. The specimens from near Malade, Idaho (PI. IV, figs.

2, 2a-g), and many not illustrated, show a wide variation in outline and surface. Another

series from near Ophir, Utah (PI. IV, figs. 4, 4a-f), illustrate the entire evolution of the

"pannula" type of surface, from the concentric strife to the fine network of oblique, raised

lines dividing the surface into minute, diamond-shaped depressions. In some of the examples

from Malade the ridges are so sharp and clear that the surface has a honeycomb-like appearance

(PI. IV, fig. 2g).

The surface of M. (/.) pannula (White) is composed of porelike pits formed by obliquely

crossing, elevated lines (PI. IV, figs. In-ls), and for convenience of reference the forms showing

variations from this may be separated into the varieties vfialadensis und opJiirensis (pp. 364-365).

Formation and locality.—Upper Cambrian: (96) Limestones near the ford on the Cedartown road, 1.5 miles

(2.4 km.) south of Rome, Floyd County, Georgia.

Middle Cambrian: (14s) About 2,300 feet (701 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the

Upper Cambrian, in the Ogygopsis zone of the Stephen formation [Walcott, 1908fj^ p. 210], at the "fossil bed," on the

northwest slope of Mount Stephen, above Field on the Canadian Pacific Railway; (57j) about 2,000 feet (609.6 m.)

above the Lower Cambrian in the limestones forming 2 of the Stephen formation [Walcott, 1908c, p. 237 (6)], just east

of the "fossil bed" on the northwest slope of Mount Stephen, above Field on the Canadian Pacific Railway; (58j)

about 1,900 feet (579 m.) above the Lower Cambrian near the base of the limestone forming 2 of the Stephen formation

[Walcott, 1908c, p. 238 (7)]; on the east side of Mount Stephen about 3,000 feet (914 m.) above the Canadian Pacific

Railway track, 3 miles (4.8 km.) east of Field; and (35k) Burgess shale member of the Stephen formation on the west
slope of the ridge between Mount Field and Wapta Peak, 1 mile (1.6 km.) northeast of Burgess Pass, above Field;

all in British Columbia.

(S7g) About 1,700 feet (518 m.) above the Lower Cambrian and 3,250 feet (991 m.) below the Upper Cambrian in

the siliceous shales forming 2d of the Stephen formation [\\^alcott, 1908f, p. 211], on Mount Bosworth, north of the

Canadian Pacific Railway between Hector and Stephen, on the Continental Divide between British Columbia and
Alberta, Canada.

(4q and 4(i') 315 and 310 feet (96 and 94.5 m.), respectively, above the unconformable base of the Cambrian and
190 and 185 feet (57.9 and 56.4 m.), respectively, above the top of the quartzitic sandstones in shales and limestones

which correspond in position to the upper part of shale No. 6 of the Dearborn River section [see Walcott, 1908f, p. 202],

on the ridge between Gordon and Youngs creeks, about halfway between Gordon Mountain and Cardinal Peak, Ovando
quadrangle (U. S. Geol. Survey), Powell County; (303t) limestone northeast of Logan, Threeforks quadrangle (U. S. Geol.

Survey), Gallatin County; and (149a) limestone at the forks of Pole Creek, above Cherry Creek basin, Threeforks

quadrangle (U. S. Geol. Survey), Madison County; all in Montana.

(55c and 163) a Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], about 50 feet (15.2 m.) above the

Brigham quartzite and 2,755 feet (839.7 m.) below the Upper Cambrian, in a ravine running up into Danish Flat

from Mill Canyon ; and (59f ) limestones immediately underlying the Spence shale member of the Ute limestone [T^'alcott,

1908a, p. 8], in a saddle north of the creek which flows into Mill Canyon from the west; both about 5 miles (8 km.)
west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County, Idaho.

(6b and 54s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198] just above the Cambrian quartzitic

sandstones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,
Idaho.

(aiv) 650 feet (198 m.) above the Lower Cambrian and 3,750 feet (1,143 m.) below the Upper Cambrian, in shales

at the top of the limestone forming la of the Howell formation [Walcott, 1908f, p. 182], northeast side of Dome Canyon,
about 4 miles (6.4 km.) west-southwest of Antelope Springs; and (31s) 490 feet (149.4 m.) above the Lower Cambrian
and 3,925 feet (1,196.3 m.) below the Upper Cambrian, in the pinkish, argillaceous shale forming Id of the Howell for-

mation [Walcott, 1908f, p. 182], south side of Dome Canyon, about 1 mile (1.6 km.) below the divide and 3 mUes
(4.8 km.) west-southwest of Antelope Springs; both in the House Range [Walcott, 1908f, PI. XIII], Millard County, Utah.

(14t) Limestone lying on the slope between the Cambrian quartzite and the massive blue limestone 100 feet

(30.5 m.) above. Mount Nebo Canyon, 3 miles (4.8 km.) southeast of Mona, Juab County; (55u) limestones about 200

a This species also occurs in Locality 65e.
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feet (61 m.) above the Lower Cambrian [see Walcott, 1908f, p. 171], 0.25 mile (0.4 km.) below the Ma,xfield mine, in Big .

Cottonwood Canyon, on the west front of the Wasatch Mountains southeast of Salt Lake City, Salt Lake County; (30a)

shale on the north side of Big Cottonwood Canyon, 1 mile (1.6 km.) below Ai'genta, in the Wasatch Mountains southeast

of Salt Lake City, Salt Lake County; and (541) about 500 feet (152.4 m.) above the Brigham quartzite and 3,700 feet

(1,127.8 m.) below the Upper Cambrian in the Spence shale member of the Ute limestone [Walcott, 1908f, p. 197], in

Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyxum, Cache County; all in Utah.

(31) Shales at the Chisholm mine; and (333 [Pack, 1906, p. 296]) shales at the Abe Lincoln mine; both on the

southwest slope of the Ely Mountains, 3 miles (4.8 km.) northwest of Pioche, Lincoln County, Nevada.

(73a) "Tonto" sandstone in Chuar Valley; and (74) sandstone about 300 feet (91.4 m.) above the base-of the

Tonto group, at the head of Nunkoweap Valley; both in the Grand Canyon of the Colorado, Arizona.

(14) Limestones overlying the sandstones of the Rome formation, near the wagon road and in a quarry near the

railroad track, 7 miles (11.2 km.) southwest of Rome, Floyd County, Georgia.

(101) Rogersville shale, just above the road in the hill west of the schoolhouse, 3.5 miles (5.6 km.) southwest of

Rogersville on the road to Melinda Ferry [Keith, 1896a, areal geology sheet], Hawkins County, Tennessee.

lower Cambrian: (57r and 58s) About 150 feet (46 m.) below the Middle Cambrian near the base of the limestones

forming 3 of the Mount Whyte formation [Walcott, 1908c, p. 241 (10)]; and (35f)a about 300 feet (91 m.) below the

Middle Cambrian in the limestone forming 6 of the Mount Whyte formation [Walcott, 1908c, p. 242 (11)]; both just

above the tunnel on the north shoulder of Mount Stephen, about 3 miles (4.8 km.) east of Field, British Columbia,

Canada.

(41) Limestone in the Pioche shale [Walcott, 1908a, p. 11], on a ridge 2.5 miles (4 km.) northwest of the town of

Cherry Creek, White Pine County; (30) limestone 8 miles (12.8 km.) north of Bennetts Spring, on the west slope of

the Highland Range, Lincoln County; and (31a) limestone interbedded in the Pioche shale [Walcott, 1908a, p. 11], just

above the quartzite on the east side of the anticline, near Pioche, Lincoln County; all in Nevada.

(34) Limestone on roadside a little west of the bridge over Poultney River at Low Hampton, about 5 miles

(8 km.) east-northeast of Whitehall, Whitehall quadrangle (U. S. Geol. Sm-vey), Washington County; (38a) lime-

stone 2 miles (3.2 km.) south of North Granville, on the road which turns south from the road running between that

village and Truthville, 4 miles (6.4 km.) west-northwest of Granville, Fort Ann quadrangle (U. S. Geol. Survey),

Washington County; and (44b) limestone near North Chatham in the northern part of the Kinderhook quadrangle

(U. S. Geol. Survey), Columbia County; all in New York.

(4v) About 200 feet (61 m.) above the unconformable base of the Cambrian and 75 feet (22.9 m.) above the top

of the quartzitic sandstones in a shale which corresponds in stratigraphic position to shale No. 6 of the Dearborn

River section [Walcott, 1908f, p. 202], Gordon Creek, 6 miles (9.6 km.) from South Fork of Flathead River,

Ovando quadrangle (U. S. Geol. Survey), Powell County, Montana.

Specimens that are somewhat doubtfully referred to this species occur at the following

localities

:

Middle Cambrian: (55c) Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], about 50 feet (15.2 m.)

above the Brigham quartzite, and 2,755 feet (839.7 m.) below the Upper Cambrian, in a ravine running up into Danish

Flat from Mill Canyon, about 6 miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier,

Bear Lake County, Idaho.

(54(i) A drift block supposed to have come from the horizon of Locality 32x, a horizon correlated with the shales

forming 2d of the Bloomington formation in Blacksmith Fork Canyon [Walcott, 1908f, p. 195], in Wasatch Canyon,

east of Lakeview ranch, about 5 miles (8 km.) north of Brigham, Boxelder County, Utah.

(13k) Shales of Matthew's [1903, p. 15] Coldbrook, above the great falls in Dugald Brook, Indian River, eastern

Cape Breton, Nova Scotia.

MiCROMiTRA (Iphidella) pannula maladensis (Walcott).

''
Plate IV, figures 2, 2a-g.

Iphidella pannula maladensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 306. (Characterized as a new variety.)

Surface covered with elevated, sharp, distinct ridges that give it an irregular, honeycomb-

like appearance.

This form owes its varietal name to its occurrence near Malade, Idaho.

Formation AND LOCALITY.—Middle Cambrian: (5b) Dark blue-gray Langston limestone [Wnlcott, 190Sb, p. 19S] just

above the Cambrian quartzitic sandstones, on the north side of Twomile Canyon, near its mouth, 2 miles [SS km.) southeast

of Malade, Oneida County, Idaho.

(6g) Limestone near the base of the Middle Cambrian, the lowest horizon carrying Paradoxides, northwest side of

Chappie Arm Harbor about a mile (1.6 km.) from its head, Trinity Bay, Newfoundland.

a This species is somewiiat doubtlully identified from this locality.
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^ MicROMiTRA (Iphidella) pannula ophieensis (Walcott).

Plate IV, figures 4, 4a-f

.

Iphidella pannula ophircnsis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 306. (Characterized as" a new variety.)

Surface formed by raised, concentric lines and ridges tliat inosculate and become more and

more irregular until the tj^pical surface of Micromitra (IpJiidella) pannula is developed.

This form owes its varietal name to its occurrence at Ophir, Utah.

Formation and locality.—Middle Cambrian: (3e) Thin-,bedded limestones less than 400 feet (121.9 m.) above the

quartzitic sandstones of the Cambrian, near Ophh-, Oquirrh Range, Tooele County, Utah.

Shells that I can not separate from this variety occur at the following localities:

Middle Cambrian: (3x) About 2,200 feet (670.6 m.) above the Lower Cambrian and 2,200 feet (670.6 m.) below the

Upper Cambrian, in the limestone forming Id of the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east of

Antelope Springs, in ridge east of Wheeler Amphitheater; and (llo) about 2,750 feet (838.2 m.) above the Lower Cam-
brian and 1,650 feet (502.9 m.) below the Upper Cambrian, in limestone at the base of la of the Marjum lime-

stone [Walcott, 1908f, p. 179], about 4 miles (0.4 km.) southeast of Antelope Springs, in the spur at the junction of the

Deseret and Swasey Spring roads; both in the House Range fWalcott, 1908f, PL XIII], Millard County, Utah.

(54s) Dark blue-gray Langston limestone [Walcott, 19081, p. 198], just above the Cambrian quartzitic sandstones,

on the north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, Idaho.

(14s) About 2,300 feet (701 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the Upper Cambrian, in

the Ogygopsis zone of the Stephen formation [Walcott, 1908f, p. 210], northwest slope of Mount Stephen, above Field

on the Canadian Pacific Railway, British Columbia, Canada.

Fragments of shells that are not to be separated by their surface characters from Micro-

mitra {Iphidella) pannula opMrensis occur in China. The fragments also indicate that the

shells were about the same size and form.

Middle Cambrian: (C5) Lower limestone member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 39], 3.2

miles (5.1 km.) southwest of Yenchuang, Sintai district. Shantung, China.

Genus VOLBOK.THIA von Moller.o

Volhorihia von Moller, 1874, Neues Jahrb. fur Mineralogie, pp. 449^52. (Described and discussed in German as a

new genus; see below for free translation of description on pp. 449^51.)

AcTotreta {Volborthia) {won Moller), Oehleet, 1887, Manuel de conchyliologie, by Fischer, p. 1266. (Described in

French as a subgenus, with figures of "Acrotreta ( Volhorthia) reeurva (Kutorga).")

Volborthia von Moller, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 249.

(Described.)

Volborthia von Moller, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Mus. for 1891, p. 565. (Copy
of preceding reference.)

Volborthia von Moller, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 95-96. (Original

description, von Moller, 1874, pp. 449^51, translated essentially as below and genus discussed.)

Volborthia von Moller, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 143. (Classifi-

cation of genus.)

The description in substance by von Moller [1874, pp. 449-451] is as follows:

The shells remind one in their form of a broad horn whose opening is closed through a very convex cover (the

dorsal valve). Seen from above, the outline of the figured shell, in consequence of the rounded edges and the likewise

rounded front edge, is transversely oval. Only the posterior edge, whose length is about one-half of the breadth of the

shell, appears straight.

The ventral valve is very high, conical, and has a strong, recurved, prominent beak without any perforation.

Between the beak and the hinge line (posterior edge) is a distinctly marked and high three-cornered area, whose length

is divided by a narrow ridge extending from the beak to the middle of the straight hinge line.

The dorsal valve is convex, nevertheless decidedly lower than the ventral, and it has just such a beak as the other.

Although this beak lies in the same vertical line with that of the opposite valve, it nevertheless touches the hinge line

of the shell, without any area lying between.

The surface of both valves is smooth and covered only with very fine concentric growth strise, which extend
without interruption also over the area of the ventral valve. On the latter they appear much coarser and not so

regular, especially on the ridge where these strise are rather strongly bent downward toward the beak of the ventral

valve.

Neither the ventral nor the dorsal valves appear to have inward projections; at least the casts (molds) show not the

slightest traces thereof. Likewise the muscle scars are not known, and on the casts are usually found only a small

" Prior to the definition of Volborttiia by Ton Moller [1S74, p. 449] tlie species now referred to this genus was placed under Acrotreta Kutorga
[1848, p. 277].
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number of widely separated radial lines. As regards the substance of the shell, it must be remarked that it is exactly

the same as in the genus Siphonotreta, i. e., calcareous-horny, and of a brown color. Under the microscope, enlarged

six to eight times, the valves show a fine but distinct puncturing, invisible to the unaided eye.

As regards the dimensions of the shell, the largest examples have a length of 14, a breadth of 19, and a thickness of

16 mm., while the height of the ventral valve is 10 mm.

Hall and Clarke [1892c, p. 96] compare this genus with Kutorgina on account of the general

form and surface characters, and call attention to the presence of an areal ridge similar to that

of " Iphidea" = Micro7nitra. Tlie authors were under the impression that an apical foramen

existed in Micromitra and probably in Volhorthia and that the areal ridge was the "ecurved"

foramen scar. I do not find a foramen in Micromitra, and none has been seen in Volhorthia.

The areal ridge appears to be the arched pseudodeltidium, both in Micromitra [PI. Ill, fig. 3b]

and Volhorthia [PI. I, fig. 6e].

The previously published illustrations of Volhorthia recurva do not show any opening

between the posterior margins of the valves, but that there was an opening for the passage of the

pedicle is shown in figures 33A and 33A'.

The absence of defined muscle scars and vascular markings is a characteristic of this genus.

The generic name was given in honor of Dr. A. von Volborth.

Type.—Acrotreta recurva Kutorga.

^, VOLBOETHIA RECURVA (Kutorga).

Text figures 33A-B; Plate I, figures 6, 6a-e.

Acrotreta recurva Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp. 277-278, PI. VII,

figs. 9a and 9d. (Characterized and discussed in German as a new species. The description of PI. VII gives

the name of the species as "Acrotreta incurva." The only figm-es accompanying the reference are those men-

tioned, 9a and 9d.)

FiGtniE 33.— Volhorthia recurva (Kutorga). A, Posterior view of specimen figured by von Moller, 1874, PI. Vn, figs. 1-6.

A', Enlargement of same to show pedicle opening, light from the right. B, Posterior view of an associated ventral

valve showing crenulation of the striae on the false area.

The specimens represented are from Locality 336g, limestone in the vicinity of Zarskoe Selo, Russia. The
specimens are now in the museum at Reval, but a cast of the type specimen represented in figures 33A-A' is in the

collections of the U. S. National Museum, Cat. No. 5S29S.

Volhorthia recurva (Kutorga), von Moller, 1874, Neues Jahrb. fiir Mineralogie, pp. 449-452, PI. VII, figs. 1-6. (The
description and discussion of the species is included in that of the genus, which is in German and which is trans-

lated on pp. 355-356. Pigs. 1-6 are copied in this monograph, PL I, figs. 6, 6a-e, respectively. The specimen

represented by figs. 6, 6a-e of von Moller's paper is redrawn in this monograph, figs. 33A-A'.)

Volhorthia recurva (Kutorga), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, figs.

261 and 262, p. 249. (No text reference. Figs. 261 and 262 are copied from von Moller 1874, PI. VII, figs. 2

and 6, respectively.)

Volhorthia recurva (Kutorga), Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Mus. for 1891, figs. 261

and 262, p. 565. (Copy of preceding reference.)

Volhorthia recurva (Kutorga), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 95-96,

figs. 52 and 53. (The description of the species is included in that of the genus, which is translated, essentially

as on pp. 355-356 of this monograph, from von Moller, 1874; pp. 449-451. Figs. 52 and 53 are copied from

von Moller, 1874, PL VII, figs. 2 and 6, respectively.)

The generic description includes the important characters of this, the only known species.

Formation and locality.—Ordovician: (336g [Kutorga, 184S, p. 27S]) Limestone in the vicinity of Zarskoe Selo;

and (337j [Fr. Schmidt, personal communication, 1908]) zone Blllnr or BIII/3, characterized by Asaphus raniceps, a

little above the zone with Asaphus expansus, at Obuchow (Obookhov), on Wolchow River; both in the Government
of St. Petersburg, Russia.
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Genus HELMERSENIA Pander.

Siphonotreta Jeeemejew, 1856, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1855-6, No. 2, pp. 73 and 80.

(New species S. ladogensis described in German.)

Helmersenia Pander, 1861, Bull. Acad. imp. sci. St.-Petersbourg, vol. 3, columns 48-49. (Jeremejew's species

described and discussed in German.)

Helmersenia Pander, Zittel, 1880, Handbuch der Palasontologie, Bd. I, Abth. 1, p. 666. (Described in German.)
Keyserlingia Karpinsky, 1887, Bull. Acad. imp. sci. St.-P6tersbourg, vol. 31, p. 476, footnote. (The use of Keyser-

lingia in this footnote is clearly a typographical error, Helmersenia being intended. The genus is discussed

in German.)

Helmersenia Pander, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1264. (Described in French, see p. 369.)

Helmersenia Pander, Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, p. 254.

(Described.)

Helmersenia Pander, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Mus. for 1891, p. 570. (Copy
of preceding reference.)

Helmersenia Pander, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 119. (Copies Hall
and Clarke, 1892a, p. 254, and discusses genus.)

Helmersenia Pander, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 143. (Classi-
•> fication of genus.)

General form longitudinally ovate, subcirculax to transversely ovate, with the ventral

valve broadly subacuminate and dorsal valve broadly rounded except at the minute beak;
ventral valve moderately convex, rising on the umbo and sloping most rapidly down to the
minute, nearly marginal beak; dorsal valve gently convex with apex maz'ginal.

The interior of the ventral valve shows a narrow area with a thickened median ridge ex-

tending a short distance forward to the visceral area. The latter has the general form of the
visceral area of Oholus, with the muscle scars in front on each side of the center. One specimen
shows the central and the outside and middle lateral scars; beneath the area, at the base of the

median ridge, the main vascular sinuses arch outward and then forward; between the vascular

sinus and the outer margin of the shell there are indications of the transmedian and anterior

lateral muscle scars. The interior of the dorsal valve shows a slender median ridge extending

well forward into the valve, and the main vascular sinuses well out toward the side of the shell.

None of the specimens show the muscle scars of this valve, and I have not been able to find

more than the broken margin of the area.

Surface marked by concentric strire and a few stronger lines of growth. Scattered irreg-

ularly over the surface on the epidermal layer there are elongate bases of numerous slender

spines that closely resemble the bases of the spines of Siphonotreta verrucosa (Eichwald). The
inner surface is minutely punctate with a few larger scattered punctse.

The shell varies in size from 2 to 3 mm. in diameter. It rarely exceeds 2 mm.
Type.—Siphonotreta ladogensis Jeremejew.

From Pander's remarks [1861, p. 48] in describing the genus Helmersenia it is evident that

he considered the shells described by Jeremejew [1856, p. 73] as Siphonotreta ladogensis as belong-

ing to this genus. As pointed out by Karpinsky [1887, p. 476] the form studied by Pander
differs from S. ladogensis in being more circular in outline. I strongly suspect, however, that

if the types of S. ladogensis were compared with the material used by Pander they would be
found to be specifically identical. The figures given by Jeremejew [1856, p. 73] in my opinion

represent young shells of the form subsequently named by Karpinsky.

Through the courtesy of Dr. Fr. Schmidt, of the Geological Survey of Russia, I have had
the opportunity of studying specimens of Helmersenia collected by Karpinsky at Kunitz, in the

Government of Pskow. I also received from Dr. A. Mickwitz some fine specimens collected at

Koporje, in the Government of St. Petersburg. With the specimens from Kunitz there some-
what rarely occurs Keyserlingia iuchi (de Verneuil) and large numbers of Oholus' (Schmidtia)

celatus Volborth. The associated forms at Koporje are Oholus (S.) celatus and fragments of a

larger Oholus.

Pander [1861, p. 48] describes the ventral valve of tliis species as having at the top of the

beak a circular opening that does not, as in the " Siphonotretem," extend into a canal. I have
carefully studied with a strong lens more than one hundred specimens of the ventral valve of

'



368 CAMBRIAN BRACHIOPODA.

this species, and in only three specimens have I found what might be considered to be a perfora-

tion at the apex of the shell. In one of these it was clearly a circular fracture of the shell, and

in the other two the apex had been pushed in so as to form a small circular depression with sharp

edges. Several interiors of the shell also fail to show any indication of an opening through the

shell; the specimen illustrated by Pander [1861, PI. II, fig. 2b] and the enlargement (g) are very

much like the specimen with the minute circular opening caused by fracture. There are several

other specimens in which there is a slight depression just in advance of the beak, which indicates

that the shell was very thin and slightly flexible at this point. I would not venture to suggest

that this was an imperfect ventral valve were it not for the fact that I have such an abundant

supply of material which is clearly to be referred to the form described by Pander. I would

further state that it frequently occurs that the apex of the shell is slightly raised above

the surface so as to form a minute node and that when the apex is pushed in the edge of the

depression follows a concentric line of growth.

If we consider that Helmersenia is not a perforate shell, it then falls in with Obolus except

that the area of the ventral valve is imlike that of Oholus and it has a spinose outer surface.

The area, as illustrated by Pander [PI. LXIII, fig. 7d], is of the MickiDitzia monilifera type

(PI. VI, fig. !")• The shells of Helmersenia are delicate and much more like those of Mickwitzia

than Oholus. The outer surface of MicJcivitzia is not known to be spinose, but if we compare

the surface shown by figures In and 2 (PL VI) with figures 7, 7a-b (PI. LXIII) of Helmerseniawe

gain an mpression of their great similarity. On account of the character of the area of the

ventral valve, the appearance of the shell, and its surface, Helmersenia is placed within the

Paterinidse.

The generic name was given in honor of Gregoire de Helmersen.

Helmersenia ladogensis (Jeremejew).

'^
Plate LXIII, firures 7, 7a-f.

Siphonotreta ladogensis Jeremejew, 1856, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1855-6, No. 2, pp. 73

and 80, figs. 5a-c, p. 73. (Described in German on p. 80, as a new species.)

Diseina huchii Eichwald (in part) [not (de Verneuil)], 1860, Lethsea rossica, ancienne p^riode, vol. 1, sec. 2, p. 914:

(Includes Siphonotreta ladogensis with Diseina huchii.)

Helmersenia Pander, 1861, Bull. Acad. imp. sci. St.-Petersbourg, vol. 3, columns 48-49, PI. II, figs. 2a-g. (Described

and discussed in German. Figs. 2d and 21" are copied in this monograph, PI. LXIII, figs. 7d and 7c,

respectively.)

Helmersenia jeremejewi Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 31. (See the text below for discussion of this

reference.)

Keyserlingia panderi Karpinsky, 1887 (April), Bull. Acad. imp. sci. St.-Petersbourg, vol. 31, p. 476, footnote. (Dis-

cussed in German; see below.)

Helmersenia jeremejewi Dall, Oehlert, 1887 (June), Manuel de conchyliologie, by Fischer, p. 1264. (Mentioned in

French as type of genus; see below.)

Helmersenia sp.? Pander, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 254,

PI. IV, figs. 6 and 7. (Mentioned in the text, which is a description of the genus. Figs. 6 and 7 are copied from

Pander, 1861, PI. II, figs. 2d and 2b, respectively.)

Helmersenia sp.? Pander, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 119, PI. IV,

figs. 4 and 5. (Mentioned. Figs. 4 and 5 are copied from Hall and Clarke, 1892a, PL IV, figs. 6 and 7, respec-

tively.)

The specific description of this species has been included in the generic description.

Pander [1861, p. 48] gave no specific name to the form which he described as Helmersenia,

but he refers to Siphonotreta ladogensis Jeremejew in such a manner as to indicate that he coii-

sidered that species as the type.

In 1877 Dall published a list of the names applied to the subdivisions of the Brachiopoda,

and [1877, p. 31] designated the type species as Helmersenia jeremejeivi, ascribing the species to

Pander and referring to page 47 of Pander's paper. Pander [1861, p. 48] places the words

" Si2)lionotreta Jereiaejew" alter Helmersenia, refers to the place of publication of Siphonotreta?

ladogensis Jeremejew, and discusses the generic relations of the specimens before him with

Siphonotreta ladogensis. It is thus evident that Pander did not name the species H. jeremejewi.
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Dall tells me that he did not see Jeremejew's paper in which the specific name ladogensis was
proposed.

Ten years later Karpinsky [1887, p. 476], in his report on the Geology of the Government
of Pskow, gives a list of the species occurring in the Ungulite sandstone and places a footnote

after the word Helmersenia, in which he refers to " Keyserlingia" and suggests that the species

be called "Keyserlingia panderi." In this footnote he mentions "Keyserlingia" three times, but
places after the first a reference to Pander's description of Helmersenia. It is evident that

Karpinsky intended to specifically identify panderi with Helmersenia and not Keyserlingia.

A few months after the appearance of Karpinsky's paper Oelilert, in Fischer's Manuel de

Conchyliologie, describes the genus Helmersenia [1887, p. 1264] and gives as the type H. jeremejewi

Pander. He gives no reference, but it is likely that he followed Dall.

This form owes its specific name to its occurrence near Ladoga, near St. Petersburg, Russia.

Formation and locality.—Upper Cambrian: (336o) Ungulite grit, Koporje, Government of St. Petersburg;

(336p) Ungulite grit, Kunitz, Government of Pskow; and (336ct [Jeremejew, 1856, pp. 73 and 80}) Ungulite sandstone,

near Ladoga, Government of St. Petersburg; all in Russia.

SuperfamUy OBOLACEA Schuchert.

Family CURTICIID.^ Waleott and Schucliert.

Genus CTJBTICIA Waleott.

Curtida Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 319. (Mentioned as below as a new genus.)

Curticia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 143. (Classification of genus.)

The description of the type species, Curticia elegantula, includes all that is known of this

genus.

The generic name is given in recognition of the excellent work of Dr. Cooper Curtice, of

Moravia, New York, both as a field collector and laboratory assistant.

CXJRTICIA ELEGANTULA Walcott.

Plate I, figures 2, 2a-l.

Curticia elegantula Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 319-320. (Described and discussed as below as

a new species.)

General form subcircular, biconvex. Surface of exterior of shell marked by fine, concentric,

slightly undulating strise, and lines and varices of growth. When the thi'n exterior layer is

exfoliated, the inner layers are ornamented by numerous fine, radiating lines, very much as

in Dicellomus and Oholus, also by more or less imbricating concentric lines. The inner surface

shows radiating and concentric lines without the visceral area. Shell substance corneous and
probably calcareous. The shell is built up of a thin, outer, surface layer and several inner

layers or lamellae, slightly oblique to the outer surface on the umbo and central parts of the

valves. The lamellae are more oblique and numerous toward the front and sides, and thus

thicken the shell over those parts. The average ventral valve has a length of 5 mm.; width,

6 mm. ; dorsal valve, 5 mm. by 5 mm.
Ventral valve strongly convex, most elevated at the umbo, and arching over to a minute,

slightly incurved apex; area rudimentary, with a high, triangular, open delthyrium occupying

most of it. A cast of the interior of the valve shows that a narrow, elevated ridge occurs just

in advance of the apex, and a very small visceral area is indicated.

Dorsal valve evenly convex, apex marginal; cardinal area rudimentary, narrow, and
divided by a low, broad, open delthyrium. The interior shows a median ridge and septum,

with small rounded depressions beneath the umbo on each side of the median ridge and a little

in advance of the apex. Ventral muscle scars small and clearly defined. Anterior lateral

scars small and situated in advance of the central scars close to the median ridge and at its

anterior extremity. Main vascular sinuses broad and slightly defined.

Observations.—This shell was labeled by the field collector as Dicellomus politus. In

external form it resembles that species, but the open delthyrium of the ventral valve and the

62667°—VOL 51, pt 1—12 24
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absence of an area on the dorsal valve distinguish it. It appears to be a form interniediate in

development between Bustella, with its absence of cardinal areas and its very rudimentary

pedicle aperture, and Oholus, with its well-defuied cardinal areas with their pedicle grooves. It

occurs in large numbers and its dark smooth shell is a very striking object in the buff-gray

sandstone.

Formation and locality.—^Upper Cambrian : (82b) " St. Croix sandstone " along the railroad track near Taylors

Falls, Chisago County, Minnesota.

Family OBOLID^ Bang.

Subfamily OBOLINJE BaU.

Genus OBOLTJS Eicli-wald.a

[li/JsMr, a coin.l

Obolus EiOHWALD, 1829, Zoologia specialis, vol. 1, p. 274. (Described in Latin as a new genus.)

Unguliten Pander, 1830, Beitrage zur Geognosie des russischen Reiches, pp. 55-58. (Described and discussed in

German.)

Ungula Pander, 1830, idem, pp. 57-58. (Proposed as a new genus on p. 57 and described in German.)

Ungulites Quenstedt, 1837, Archiv fur Naturgeschichte, von A. F. A. Wiegmann, Jahrg. 3, Bd. 1, pp. 143-145.

(Refers to Pander's new genus Ungula as " Ungulites" and describes the genus in German.)

Orthh VON BucH (in part), 1841, Archiv fiir Mineralogie, Bd. 15, Hft. 1, p. 7. (Merely describes and discusses Obolus

apollinis as "Orthis ungula," and refers tho species to the " Unguliten," the text being in German.)

Unguliten Pander, von Buch, 1841, idem, p. 7. (The description of this group is incorporated with that of the species

"Orthis ungula" (Obolus apollinis), the text being in German.)

Obolus Eichwald, de Verneuil, 1845, GMogie de la Russie d'Europe, by Murchison, de Verneuil, and de Keyserling,

vol. 2, pt. 3, p. 291. (The genus is discussed in French in the third and fourth paragraphs on p. 291, under

Obolus apollinis; see Matthew, 1892, pp. 43-44, for translation.)

Obolus Eichwald, Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp. 250-253.

(Discussed in German.)

Aulonotreia Kutorga (in part), 1848, idem, pp. 278-279. (Described in German as a new genus, the species in the

genus belonging with Obolus, Obolus (Acritis), and Obolus (MieJcwitzella).

Obolus Eichwald, Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, pp. 319-320. (Discussed.)

Obolus Eichwald, Davidson (in part), 1853, British Fossil Brachiopoda, vol. 1, introduction. No. 3, pp. 135-136.

(Described and discussed. The species referred to the genus belong with Obolus, Obolus (Acritis), and Obolus

{Michwitzella). Two of the species, Obolus davidsoni and Obolus transversa, are Ordovician forms and are not taken

up in this monograph.)

a The synonymy Jor this -genus does not give a complete record of the various genera under which the species now included in Obolus were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record for the species taken up in

the monograph the following mere generic references are listed:

Obolus von Leuehtenberg |1S43, p. 16].

Orbimla Owen [1S52, p. 683].

Lingula Billings [1859, p. 431].

Obolus Schmidt [1861, p. 218].

Lingula Billings [1863, p. 124].

Lingulepis Hall [1863, pp. 129 and 130].

Lingula BilUngs [lS65a, p. 216].

Obolusf Billings [lS65b, p. 362].

Lingulepis Hall [1867, p. 107].

Lingula Barrande [1868a, p. 100].

Obolus? Barrande [1868a, pp. 104 and 105].

Lingula Barrande [1868b, p. 690].

Obolus? Barrande [lS68b, p. 693].

Lingulella? Meek [1871, p. 185].

Obolus Billings [1872a, p. 218; 1872c, p. 356].

Obolus Kayser [1876, p. 9].

Obolus Roemer [1876, PI. II, figs. 7a-c].

Obolella Hall and Whltfleld [1877, p. 205].

Lingulepis Hall and Whitfield [1877, p. 206].

.
Lingula Barrande [1879b, Pis. CVI: iv; OX; vm; CXI:

I, and CXI: VI].

Obolus? Barrande [1879b, Pis. XCV: iv; CXI: vi;

CXIII: t; CXXVI:n; and CLII: n].

Obolus Noetling [1883, p. 205].

Lingulella Kayser [1883, p. 35].

Lingulepis Walcott [1884b, p. 12].

Obolella Walcott [1884b, p. 14],

Obolus Roemer [1886, p, 23 (270)].

Obolella? Walcott [1886b, p. 111).

Lingulella Walcott [1889c, p. 441).

Obolus Gagel [1890, p. 21].

Lingula Bomemann [1891, p. 438].

Obolella Bomemami [1891, pp. 439 and 440).

Lingulella? Hall and Clarke [1892c, p. 61].

Obolella?? Hall and Clarke [1892o, pp. 69 and 73].

Lingulella Keyes [1894, p. 38].

Lingulella Matthew [1895b, p. 255].

Lingula Sardeson [1896, p. 95).

Scfimidtia Mickwltz [1896, p. 19].

Glossina Schuchert [1897, p. 224].

Lingulella? Walcott [1897a, p. 404].

Obolus ^Lingulella) Walcott [1898b, pp. 404, 412, 415,

416, 418, and 419; 1899, pp. 443 and 445; 1901, p. 673].

Obolus Walcott [1901, p. 684].

Obolus Matthew [1902c, pp. 94 and 96].

Obolus (Monobolina') Matthew [1902e, p. 98].

Lingulella Matthew [1902c, p. 108].

Obolus (.Lingulella) Walcott [1902, p. 605].

Lingulella Matthew [1903, p. 62].

Obolus Matthew [1903, p. 76].

Monobolina Matthew [1903, p. 210].

Obolus Walcott [1905a, pp. 324, 325, 326, 327, and 328j.

Obolus {Lingulella) Walcott [1905a, pp. 328, 330 , and

331].

Ololus Moberg and Segerberg [1906, p. 05]

Obolus Walcott [190Sc, p. 244; 1908d, pp. 61, 62, and

63].
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Obolus EiCHWALD (in part), 1860, Lethsea roasica, ancienne p6riode, vol. 1, sec. 2, pp. 924-925. (Described in French.

The species referred to the genus belong with Obolus, Obolus (Acritis), and Obolus (Mickwitzella).)

Obolus Eichwald, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, p. 58. (Gives synonymy and refers

genus to Lingulidse.)

Not Schmidtia von Volborth, 1869, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser., pt. 4, pp. 208-209.

(Characterized and discussed as a new genus to include those forms which had been referred to Ungula, but

which were not included in UnguUtes Quenstedt, 1837, p. 143. Schmidtia celatus is, however, described as the

only representative of the new genus.)

Obolus Eichwald, Dall, 1870, Am. Jour. Conchology, 2d ser., vol. 6, pt. 2, pp. 154 and 162. (Described.)

Ungula Pander, Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 75. (Discusses date of publication of Ungula Pander,

Ungula Rose, and Obolus Eichwald.)

Obolus Eichwald, Zittel, 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, p. 664. (Described in German.)

Obolus Eichwald, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 218. (Mentioned in discussion of

Siphonotreta.)

UnguUtes Quenstedt, 1885, Handbuch der Petrefactenkunde, Aufi. 3, p. 756. (Characterized in German.)

Obolus Eichwald, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1261. (Described in French, with

figures of "0. davidsoni Salter" and " 0. politus Kutorga.")

Obolus MicKwiTz, 1892, Melanges geol. et paleontol. tir6s du Bull. Acad. imp. sci. St.-P6tersbourg, vol. 1, pp. 57-64.

(Described and discussed in German.)

Obolus Matthew, 1892, Trans. Roy. Soc. Canada, 1st ser., vol. 9, sec. 4, No. 5, pp. 43-44. (Translates the descrip-

tion given by de Verneuil, 1845, p. 290.)

Obolus Eichwald, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 242-243.

(Described and discussed.)

Aulonotreta Kutorga, Hall and Clarke (in part), 1892, idem, pp. 243-244. (Described and discussed. As discussed

the genus includes species referred to both Obolus and Obolus {Acritis).)

Obolus Eichwald, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum, for 1891, pp. 558-559.

(Copied from Hall and Clarke, 1892a, pp. 242-243.)

Aulonotreta Kutorga, Hall and Clarke (in part), 1892, idem, pp. 559-560. (Copied from Hall and Clarke, 1892a, pp.

243-244.)

Obolus Eichwald, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 80-81. (Described

and discussed.)

Aulonotreta Kutorga, Hall and Clarke (in part), 1892, idem, p. 82. (Described and priority of generic references, etc.,

discussed. As discussed the genus includes species referred to both Obolus and Obolus (Acritis).)

Obolus Eichwald, Hall and Clarke, 1892, idem, pp. 337-339. (Gives a translation of Mickwitz's diagnosis, 1892,

and discusses genus.)

Obolus Eichwald, MiCKwnz, 1896, M6m. Acad. imp. sci. St.-P^tersbourg, 8th ser., vol. 4, No. 2, pp. 1-133. (These

pages contain a general discussion of the genus and its relations, in German, the actual diagnosis of the genus
being given on pp. 127-129.)

Obolus (Euobolus) Mickwitz, 1896, idem, pp. 129 and 133. (Characterized in German, on p. 129, as a new subgenus.)

Obolus Eichwald, Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 385-386. (Genus and type species discussed.)

Obolus Eichwald, Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 681-683. (Described and discussed, translating

a portion of Mickwitz's description, 1896, pp. 118-121.)

Obolus Eichwald, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 135. (Characterized
and discussed.)

Obolus (Eoobolus) Matthew (in part), 1903, idem, pp. 135-136. (Characterized as a new subgenus. One of the three

species referred to the subgenus belongs with Obolus and the remaining two belong with Lingulella.)

Obolus Eichwald, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification

of genus.)

Diagnosis (mainly after Mickwitz [1896]).—Shells nearly equivalve, equal-sided, moder-
ately convex, subcircular, transversely or longitudinally ovate, in some species subtriangular

or subrectangular.

Shell substance calcareocorneous, structure foliated ; the layers of calcium phosphate alter-

nating with homogeneous, horny lamellae are traversed by microscopic canals, which in their

main direction are perpendicular to the plane of stratification; the inner layers and lamellae

are more or lass oblique to the thin outer layer over the central and posterior portions of the

valves, and strongly so with the short lamellae of the anterior and lateral parts. Surface

shining as if varnished, with concentric and usually radial striation, varying from bare visibility

to deeply incised concentric folds and radial ribs. Color of shell dark grayish blue to black,

when in a state of decomposition dark reddish brown to whitish. Front and side margins
usually thin, sharp-edged, fragile, lying in the same plane with the hinge margin, which is

greatly tlaickened inside. Area mainly in the plane of the edge of the valve, in the ventral valve
triangular, owing to the somewhat projecting beak, in the dorsal valve rounded at the point.
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in both striated parallel to the base, and traversed, from the point of the beak on, by the more or

less diverging lines of folding of the areal lamellae and a strongly marked pedicle furrow.

Visceral area (splanchnocoele) on the ventral valve restricted to the back part, in the dorsal

valve drawn far forward into the vascular area (brachiocoele) and strongly indented laterally;

in both valves it extends backward up close to the base of the visceral (splanchnocoelic) part of

the area, which is bounded by the flexure line (folding of the area lamellae). The edge of the

mantle of the beak part is restricted to the side areas (pleurocceles), appearing between the

flexure lines of the area lamellae.

Anterior part of the thickened posterior half of valve slopes down to the middle of the

valve, forming in the ventral valve a line concave to the beak, in the dorsal valve a sinus. The

lateral parts of the thickening are drawn out into thin side edges. In front of the base of the area

is a small median septum, which in the dorsal valve for the most part is less prominent, but in both

is often hardly perceptible by reflected light as an almost invisible crest. Beginning at the

median septum, there are in each valve two gradually deepening grooves for the main vascular

canals, which intersect the thickened part parallel to the edge of the shell. In the dorsal valve

these grooves combine with the sinus from the calcareous ridge in forming two projections

pushing themselves like horns into the middle of the valve. The traces of the main vessels of

the mantle lobes in the continuation of the visceral (splanchnocoelic) vascular grooves are

subparallel and project into the vascular (brachiocoelic) parts of the valves, in the ventral

valve terminating with their anterior ends in the peripheral vascular canal, in the dorsal valve,

shortly before reaching the vascular canal, bending about into the interior of the shell, and
vanishing at the scars of the anterior lateral muscles. The peripheral vascular canals in both

valves run along their edge from one side area (pleurocoele) to the other. Traces of secondary

vessels radiate in great number from the grooves of the main vessels toward the peripheral

canals and into the middle of the shell.

In the median line of the ventral valve, between the median septum and the anterior edge

of the thickened part of the shell, there is a deep, heart-shaped pit, with its point directed

forward and having a shallow median groove. In the cavity of the dorsal valve there is a more
or less pronounced median ridge, extending into the anterior part of the valve and divided

longitudinally by a shallow median furrow.

On each valve there are six pairs of muscular scars, and in the ventral valve in front of

the pedicle furrow there is the unpaired scar of the- pedicle muscle. The umbonal scars are

close to the base of the area, in the ventral valve divided, inclosing the scar of the pedicle

muscle between them, in the dorsal valve confluent in the median line of the valve. The scars

of the central pair of muscles are placed about centrally in both valves; in the dorsal one they

are isolated on the inner sides of the ends of the hornlike projections; in the ventral valve they

are united with the scars of the outside and middle lateral muscles, on both sides of the anterior

part of the heart-shaped pit. The transmedian muscles are undivided; their scars in both

valves are close to the base of the area in the line of prolongation of the flexure lines. The
anterior lateral muscle scars of the ventral valve adjoin the transmedians, overlapping them a

little on the outside; in the dorsal valve they are isolated, pushed far forward toward the frontal

margin and situated at the anterior end of the median crest separating them. The scars of the

second pair, the middle lateral muscles, in the ventral valve are combined with those of the

central and outside lateral muscles at the point of the heart-shaped pit; in the dorsal valve

they blend with those of the outside lateral muscles and lie against them on the inner sides of

their anterior ends. Finally the scars of the third pair, the outside lateral muscles, in the

ventral valve are combined with those of the central and middle lateral muscles and lie on the

outer sides of the former, while in the dorsal valve they are united with those of the middle

lateral muscles and lie obliquely outward before the scars of the transmedian muscles. In both

valves the parietal band closely circumscribes all muscle scars externally, crossing the furrows

of the main vessels and entering the visceral (splanchnocoelic) part of the area at its base on a

line with the flexure lines.

The study of a series of the interior of the ventral valve of Oholus apoUinis (PI. VII) shows

that the arrangement of the point of attachment of the middle (k) and outside (I) laterals and
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central muscle scars (h) varies considerably in the different specimens. Mickwitz's diagram-

matic figure shows the middle lateral scars (k) to be the smaller and situated close to the

median line. This, however, is not. the case in all specimens. In Plate VII, figure 9, the

middle lateral (k) is the larger and the two other scars are arranged quite differently from

those in Mickwitz's diagrammatic figure. In Plate VII, figure 5, the growth of the shell has

crowded all three of the muscle scars so that they are arranged in transverse lines. In Plate VII,

figure 4, they occur up on the side of the visceral cavity (v), the central scars (h) occupying the

greater portion of the space, the outside laterals (1) being crowded forward, and the middle

laterals (j), which are so large in figure 9, are scarcely to be determined at the umer angle in

figure 4. In Plate VII, figure 3, the points of attachment of the scars are on a ridge, and they

present no points of similarity to the position assigned in the diagrammatic figure of Mickwitz,

nor to the positions in Plate VII, figures 9, 4, and 5. The points of attachment are sunk deep

into the ridge, and on this account it is impracticable to distinguish between the central (h) and

middle lateral (k) scars. In figure 1 the scars are also on a high ridge. They are slightly

depressed and apparently range very much as in Plate VII, figure 5, except that the middle

laterals (k) are nearer the median line. It does not appear to be possible to distinguish the

centrals.

Type.—0. ajyoUinis Eichwald.

Ohservations.—It is stated by Hall and Clarke [1892c, p. 339] that Mickwitz did not obtain

his results from the type specimens of Oholus apoUinis, but from a hitherto undescribed form,

Oholus quenstedti. Tins is true [see Mickwitz, 1890, p. 60, footnote], but in Ms final work

[1896, p. 128] Mickwitz diagnoses the genus and cites Oholus apoUinis as the type. He says

[1896, p. 25]:

A more accurate study of the greatly increased material has convinced me that 0. quenstedti can not be maintained-

as a species, since it is merely the terminal link of a series of variations which, like var. maximus and ingricus, can be

traced back to 0. apoUinis. Thus, the typical species remains 0. apollinis Eichwald.

Mickwitz [1896] has given in his exhaustive memoir on Oholus a very complete historical

sketch and fi.ill description of the genus and its subgenera so far as known to him. The study

was conducted with such care and thoroughness and the material was so well preserved that

our present knowledge of the adult shell of Oholus is nearly as complete as that of the adult

shell of the recent Lingula. The student is referred to the memoir of Mickwitz for the literature,

history, and geology of the Cambrian formations of the eastern Baltic region of Russia, for a

minute description of the external and internal characters of the shells of the Baltic species

of Oholus and of the relations of Oholus to Lingula and Oholella, and for detailed observations

on Oholus and its subgenera as known to him.

Oholus and Lingula.—After studying the species from American rocks and a very good series

from the typical localities in Russia, I am not prepared to agree with Mickwitz that Oholus-

should be referred to the Lingulidse. In figure 34 the interior of the valves of Oholus and Lingula,

may be compared.



Figure 34.—Interiors of valves of Obolus and Lingula.

Obolus apollinis quenstedti Mickwitz. After Mickwitz [1S96, figs. 6a-b, p. 79]. A, Ventral valve; B, dorsal valve.

I. Splanchnocoele.
TI. Bracliiocoele.

III. Pleiiroccele.

a. Pedicle furrow.
I). Parietal band.
c. Heart-shaped pit.

d. Canals of principal vessels.

e. Peripheral vascular canal.
f. Secondary vascular canals.
g. Umbonal muscle,
h. Central muscles.
i. Transmedian muscles.

j. Anterior lateral muscles.
k. Middle lateral muscles.
1. Outside lateral muscles,

m. Median septum,
n. Lateral septa,
o. Sinus.

p. Median ridge.

q. Hornlike projections.
s. Pedicle muscle.
u. Flexure lines of area lamellae.

Lingula anatlna Bruguifere. After King [1873, PI. II, figs. 1 and 2]. C, Ventral valve; D, dorsal valve.

b. Parietal band which bounds
the splanchnocoelic chamber
in both valves.

'C. Liver,
•d. Genitalia.
e. Intestine.
f. Termination of intestine.

,g. Umbonal muscle.
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h. Central muscles.
i. Transmedian muscles.
j. Anterior lateral muscles.
k. Middle lateral muscles.
1. Outside lateral muscles.

m. Plemocoeles.
n. Vessels of pleurocoeles (exag-

gerated).

Primary vessels of bracliio-
coele.

Secondary vessels of brachio-
ccele (those passing from the
inner side of the primaries
may be called ingoers and
those on the outer side out-
goers).

u. Setal band (the pedicle is not
represented, as it would ob-
scure the continuation of this
band in the rostral region).

V. Inner edge of setal band (an-
swering also to the line ot
vascular constriction).

w. Outer edge of setal band.
X. SetEe.
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The points of similarity between Oiolus and Lingula, as described by Mickwitz, are

:

1. Cliemical constitution and microscopic structure.

2. Position of the umbonal muscle in the dorsal valve.

3. Arrangement of the vessels of the cii'culatory system. Mickwitz [1896, p. 121] says:

Issuing between the same muscle scars (j-l, h in the ventral valve; 1, i, k-h in the dorsal valve) from the splanch-

nocoele, two main vessels extend in each valve into the fore part of the mantle lobes and branch inward and outward

into numerous secondary vessels. The only difference in the arrangement of the vessels consists in this, that in Lingula

the main vessels of the two valves empty into the peripheral canal, while in Obolus this takes place only in the large

valve. In the dorsal valve the main vessels, shortly before reaching the peripheral canals, bend into the interior of

the valves and end at the scars of the anterior lateral muscles.

4. General arrangement of the muscle scars. These are essentially the same, the points

of diilerence being of a generic character.

The points of difference between the two genera are:

1. The areas of the valves.

2. Attachment of the pedicle muscle. In Lingula the muscle is attached back of the scar

of the umbonal muscle of the ventral valve, whereas in Oiolus it is situated between the divisions

of the scar of the umbonal muscle of the ventral valve.

3. Bipartition of certain muscles. Mickwitz says [1896, pp. 118-121]:

Besides the somewhat unlike arrangement of some scars, to which we shall presently return, the bipartition of

certain muscles constitutes the most characteristic difference in the internal organization of the two genera. The
umbonal muscle of Obolus, which is divided in the ventral valve [gg, fig. 34A], is undivided in Lingula [g, fig. 34C]

while conversely the two transmedian muscles of Lingula [ii, fig. 34C], one of which is divided throughout its length,

are represented in Obolus by a pair of undivided muscles [i, fig. 34A].

The position of the umbonal muscle is the same in the two genera; at most it is somewhat crowded away from
the base of the area in Lingula, because of the pedicle muscle. On the contrary, the transmedian muscles, besides

their bipartition, present other differences. In Obolus the scars of that pair of muscles on the ventral valve are com-
bined with those of the anterior lateral muscles [ij, fig. 34A], while in the corresponding shell of Lingula, though lying

in a similar position, they are separated from the anterior lateral muscles. With the dorsal valves the-case is reversed.

Obolus shows the scars of the pair of muscles in question isolated [i, fig. 34B], while in Lingula they are united with

those of the middle and outside lateral muscles [i, k, and 1, fig. 34D].

The scars of the two last-named muscles on the dorsal valve of Obolus [k and 1, fig. 34B] are combined in a manner
analogous to those of Lingula, so that the whole difference in the arrangement of the scars in question (aside from the

bipartition of one transmedian muscle in Lingula) consists in the reversal of their combination. In Obolus, on the ventral

valve, the scars i and j are united, in Lingula they are separated; in Lingula, on the dorsal valve, i k, and 1 are united,

while in Obolus they are separated.

The scars of the anterior lateral muscles of the dorsal valve have a closely similar position in the two genera,

except that in Obolus they are moved farther forward and are separated by the median ridge (p), while in Lingula

they are nearer to the center of the valve and are united [j, fig. 34D].

The other scars of the lateral muscles on the ventral valve of Obolus also are quite analogous in their position to

the corresponding scars in Lingula [k, 1, fig. 34C]. True, in their case also small displacements and changes of form

occur, but yet I am unable to attach to these any special value. The two genera show the scars of the outside lateral

muscles [1, figs. 34A and 34C] combined with those of the central muscles \h, figs. 34A and 34C], but we have
seen that in some species of the genus (0. triangularis, 0. panderi, and some species of the subgenus Schmidtia) the

first-named scars are separate from those of the central muscles and change their subtriangular form, being drawn out

backward into a rounded form, more like that in Lingula. The scars of the middle lateral muscles (k) of the ventral

valve, on the contrary, are only in Eichwald's genus combined with those of the central muscles (h), while in Lingula

they are separated. It is probable, however, that some species of the above-named subgenus share this peculiarity

with Lingula.

Finally, the scars of the central muscles of the two genera differ merely by their somewhat different form in the

ventral valve and by their somewhat different position to the axis of symmetry on the dorsal valve. It was pointed

out, however, in speaking of the central muscles of Obolus that the backward-protracted points of the subtrapezoidal

scars in the ventral valve of the typical species (as well as those of the outside lateral muscles) are lacking in the species

of the subgenus Schmidtia, so that even in regard to form there is an agreement with Lingula. In the dorsal valve of

Obolus the elliptic scars of the central muscles are parallel to the major axis of the valve or somewhat converging behind

Pi, fig. 34B], while in Lingula they are strongly convergent anteriorly [h, fig. 34D].

To the altered position of the muscle scars in Obolus corresponds the modified form of the parietal band. The latter

in both valves of Lingula is rhombic, but in the dorsal valve it is drawn farther forward than in the ventral [fig. 34D].
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In Obolus the parietal band on the dorsal valve extends still farther toward the frontal edge than in Lingula, and in

its posterior part is more markedly bent inward from both sides, producing a characteristic unequally three-lobed

figure [fig. 34B]. The parietal band of the ventral valve of Obolus on the contrary is subelliptical in form, and rather

approaches that of Lingula.

More important than this difference in form of the splanchnoccele is the difference in the form of the mantle lobes

which is manifest from the position of the posterior part of the parietal band. In Lingula the parietal band is moved
away from the base of the area and thus constitutes a narrow space between the two pleurocoeles, which space is

occupied by the mantle lobes that extend around the entire beak part of the valves. These mantle lobes of the beak

are in the dorsal valve also covered with mantle bristles, while the border of the mantle of the ventral valve in the

splanchnocoelic part of the area (deltidium. King) is free from bristles [fig. 34C]. In Obolus on the contrary the pos-

terior part of the parietal band is close to the base of the splanchnocoelic part of the area, whose lamellse, as we have

seen, are bent up at right angles to the plane of the valve and therefore could not have been deposited by mantle

lobes resting against the valves. Hence the mantle lobes of Obolus extended only as far as the pleurocoeles, and were

lacking, as well as the mantle bristles, in the splanchnocoelic part of the area of both valves. At that point there was

only the muscular wall of the body connecting the two valves, from which the pedicle emerged.

I think that the differences pointed out are sufficient to distinguish Oiolus as of distinct

family relations from Lingula, but I must at the same time admit that the transitions from

Oholus to lAngulella and from Lingulella to Lingula are so clearly indicated that it is only by a

somewhat arbitrary decision that species of Lingulella like L. hella (Pis. XIX and XXXVI) can

be referred to the Obolidse. Schuchert [1893, p. 360] creates the family Lingulellidse ior Lingulella

and allied forms.

Oholus and Oholella.—^Authors have compared Oholella with Oholus, and Mickwitz [1896, p.

129] thought that they might possibly be congeneric. The discovery of a pedicle opening at the

beak of the ventral valve of Oholella places the latter with the Acrotretidse.

Criteria of suhgenera.—The criteria upon which the subgenera of Oholus have been founded

are largely based on the form of the outline of the valves, character of outer surface, thickness

of shell, and, to a more limited extent, the muscular and vascular markings on the interior of

the valves. I was at first inclined to give considerable weight to the position of the sinuses

occupied by the main vascular canals, but further study showed such a gradation in the various

species that efforts to use the character in subgeneric classification were abandoned. The
followiag table illustrates some of the variations in the position of the vascular sinus, and many
more may be found in the figures of Oholus and its subgenera than are indicated in the table

below

:

Variation in the position of the vascular sinus of Obolus and its subgenera and Lingulella.

[Roman numerals indicate plates and arable numerals figures.]
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Variation in the position of the vascular sinus of Obolus and its subgenera and Lingulella—Continued.
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while in all other Oboliis species they converge. As the species mentioned differ from each other considerably in other

respects, it seemed to me necessary to assign them to special subgenera, Thysanotos and Acritis. The remaining species

also fall into two groups differing from each other in many ways, one of them, Schmidtia, approaching more the typical

Obolus, the other, Leptevibolon, being closer to Lingula.

The delimitation of the species presents similar difficulties to those in the allied genus XAngula. The differences

are manifest, but are difficult to express in words. This is true especially of some species of the subgenera Euoholus

and Schmidtia.

The introduction of the subgenus Euoholus for the radially striated OboH does not appear

to be necessary for a proper classification of the genus. If the radially striated species are

considered to be the typical form of Oholus, then those difl^ering from it to a sufficient degree may
be referred to a subgenus. The genus Lingulella has only radially striated forms included

within it, and this in part includes species that otherwise would be referred to Euoholus. To
tliis extent Euoholus is a synonym of Lingulella.

I have endeavored to identify in material from the typical localities the varieties of

Oholus and its subgenera described by Mickwitz, but find it practically impossible in nearly

all cases. They may be found of value to the special student, but they are not of serAdce in

studies of the Cambrian fauna. Such minute discriminations would lead to an endless amount

of detailed description if followed in the study of the faunas as they occur in the collections

before me.

Fordinia Walcott [1908d, p. 64] includes specimens that have a Lingulella-like outline, with

the development of a tendency to form a platform or thickening in the valves. Type: Oholus

(Fordinia) perfectus Walcott.

Leptemholon Mickwitz [1896, p. 199] is referred to in this monograph as a subgenus of

Lingulella.

Lingulepis Hall [1863, p. 129] is referred to in this monograph as a subgenus of Lingulella.

Linguloholus Matthew [1895b, p. 260] is a Lingulella-like form, with a thick, strongly arched

shell and surface marked by subimbricated wavy concentric lines. Type: Lingulella? affinis

Billings (PL XVI, figs. 1, la-e).

Mickwitzella Walcott [1908d, p. 70] is an Oholus with strong, tmiformly curved concentric

strise, with the lamellse of growth fringed along their anterior (external) edges. Type: Oholus

siluricus Eichwakl (PI. XV, figs. 1, la-c).

Monoholina Salter [1866b, p. 334] has been referred to as a subgenus of Oholus by Matthew

[1902b, p. 98]. It differs from Oholus in having a platform in the ventral valve of the same type

as that of Elkania (PI. LI, figs. 1, la, and 4b) and is clearly not descendant from Oholus or

generically connected with it. Salter [1866b, p. 334] placed Monoholina as a section of the

genus Oholella Billmgs.

Palseoholus Matthew [1899, p. 201] shows concentric lines which are elevated and slightly

irregular. The visceral area (splanchnocoele) is large ajid elongate, and the main vascular canals

are close to the visceral area (PL XXXII, figs. 5, 5a-g). The surface of Palseoholus is of the same

type as that of Acritis, but the visceral cavity and vascular canals differ materially in the two

forms. Type: Palseoholus hretonensis Matthew.

Schmidtia Volborth [1869, p. 208] is a Lingulella-like shell without radial striation. All the

species are small and as the concentric striation is very fine the shell surface is nearly smooth.

Type: Schmidtia celata Volborth (PL XIV, figs. 1, la-c).

TTestoma Walcott [1901, p. 691] is a Lingulella-like form distinguished by peculiar, transverse,

semi-imbricating, "ripple-embossed" lines that cross both the concentric and radiating striae.

Type: Lingula aurora Hall (PL XLVI).
Stratigraphic range of Oholus and subgenera.—Oholus has a stratigraphic distribution rang-

ing from the limits of the Olenellus fauna, through the Middle Cambrian or Olenoidesi&MaB, and the

Upper Cambrian or DilieTlocephalus {Olenus] fauna, into the base of the Ordovician fauna. Oholus

proper has not been found below the upper portion of the Lower Cambrian. The youngest

species of the genus are the lai'gest, and also have certain strongly marked characteristics which
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have grouped them under the subgenus Lingulobolus. The species referred to Oholus from the

Lower Cambrian include Oholus prindlei (PI. XXVII, figs. 3, 3a-e) which is intermediate in form
between Oholus apollinis (PI. XIV, figs. 6, 6a) and tlie type species of the genus Lingulella,

L. davisi (PL XXXI, figs. 6e, 6f). Oholus smithi (p. 416) is a typical form of Oholus, while Oholus

parvus (p. 408) is a minute form of which only the exterior is known.

Of the 77 species and 11 varieties from the Cambrian referred in this memoir to Oholus and
its subgenera, 4 species occur in the Lower Cambrian, 46 species and 5 varieties in the Middle

Cambrian, 43 species and 7 varieties in the Upper Cambrian, and 10 species in the passage beds

between the Cambrian and Ordovician. From the Ordovician 23 species are deccribed. (See

table of species, pp. 110 and 113.)

Acritis is represented in the Upper Cambrian of Russia by the type species. A species is

doubtfully referred to it from Nevada.

Broggeria is represented by one species. This is found in tlie Upper Cambrian and the pas-

sage beds to the Ordovician of tire North Atlantic province of Europe and eastern North America.

Fordinia includes species from the Middle and Upper Cambrian of Utah and Nevada.

Linguloholus is represented by two species occurring in the Lower Ordovician rocks of New-
foundland and in conglomerate pebbles in Massachusetts.

Mickwitzella is confined to one species identified from the passage beds between the Upper
Cambrian and the Ordovician of Russia.

Palseoholus is represented by a single species from the Middle Cambrian of Nova Scotia.

Schmidtia is represented in the Upper Cambrian "Oholus" sandstones of Russia by four

species, which form a peculiar and restricted local group.

Westonia has its greatest development in the Middle Cambrian, where thirteen species and
one variety occur. Six species are known from the Upper Cambrian, one from the passage

beds to the Ordovician, and five in the lower portion of the Ordovician.

Geograpliic distrihution of Oholus and suhgenera.—In Europe Oholus proper appears to be

limited to the type area in northwestern Russia, where it reaches its greatest development, and
to a few limited localities in Bohemia and Sweden. Its subgenera, especially Westonia, have a

wide distribution, the latter having been found in Russia, Bohemia, many localities on the

Scandinavian Peninsula, England, and China.

Only one form is known from Sweden

—

0. scTimalenseei (Walcott). The genus (or one of its

subgenera) appears to be present in the Cambrian of Argentina, and four species have been

described from eastern China

—

0. chinensis (Walcott), 0. minimus Walcott, 0. ohscurus Walcott,

and 0. shansiensis Walcott. It is on the North American continent that Oholus reaches its

greatest development outside of its original localities in Russia. It is widely distributed and
often occurs in great numbers at favorable localities. It occurs along the lines of the Appa-
lachian Range from Newfoundland, Cape Breton, and New Brunswick to Tennessee. It is

represented in the northern Mississippi Valley region, in the isolated uplifts of Cambrian rocks

in the Black HUls of South Dakota, the Ozark Mountains of Missouri, the Llano Hills of central

Texas, and westward in Wyoming, Montana, Utah, and Nevada.

Of the species m this memoir that are placed under Oholus from Bohemia, . feistmanteli

(Barrande) and 0. complexus Barrande are probably true representatives of the genus, but the

following species are exceedingly doubtful in their generic identification:

Obolus ? advenus Barrande.

Obolus ? ancillus (Barrande).

Obolus ? bavaricus (Ban-ande).

Obolus ? minor Barrande.

Obolus ? mirandus (Barrande).

Obolus ? palliatus Barrande.

Obolus ? rokitzanensis Barrande.

This is true also of the two forms from Sardinia: Oholus? zoppi Walcott, and O.f menegJiinii

Walcott.
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The species of the genus and its subgenera recognized by Mickwitz [1896] in Russia are:

Obolus (Acritis) antiquissimus (Eichwald).

Obolus (Euobolus)

:

apollinis Eichwald.

apoUinis ingricus (Eichwald).

apollinis maximus Mickwitz.

apollinis quenstedti (Mickwitz). ,

eichwaldi Mickwitz.

elegans Mickwitz.

panderi Mickwitz.

schmidti Mickwitz.

triangularis Mickwitz.

triangularis inornatus Mickwitz.

volborthi Mickwitz.

Obolus (Leptembolon) lingulseformis Mickwitz.

Obolus (Mickwitzella) siluricus (Eichwald).

Obolus (Schmidtia):

acuminatus Mickwitz.

acuminatus alatus Mickwitz.

acuminatus humeratus Mickwitz.

acuminatus subtriangularis Mickwitz.

celatus (Volborth).

celatus orbiculatus Mickwitz.

celatus praecisus Mickwitz.

crassus Mickwitz.

crassus angulatus Mickwitz.

obtusus Mickwitz.

obtusus acutus Mickwitz.

obtusus ellipticus Mickwitz.

obtusus extenuatus Mickwitz.

obtusus latus Mickwitz.

obtusus longus Mickwitz.

obtusus minutus Mickwitz.

Obolus acadicus Walcott.

^

Plate XI, figure 5.

Obolus acadica Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 324-325. (Characterized and discussed as below as

a new species.)

Only interiors of the dorsal valve of this species occur in the collections made by Loper

on McNeil Brook in 1900. The material was provisionally referred to LinguleUa concinna

Matthew, but the broadly rounded subquadrilateral form of the dorsal valve seems to

distinguish it from that species and also from Oholus (Palseoholus) hretonensis (Matthew).

The visceral area is narrow, extending a little in advance of the center of the valve. The
main vascular trunks are narrow and widely separated. They belong to the submarginal group

and are thus quite unlike those of 0. (P.) hretonensis.
^
The exterior surface and ventral valve

are unknown.
The specific name is derived from Acadia, the original name for Nova Scotia, in which the

species occurs.

Formation and locality.—Upper Cambrian : (3h) Shale and phaly limestone on McNeil Brook, 1.5 miles (2.4 km.)

east ot Marion Bridge, eastern Cape Breton, Nova Scotia.

Obolus? advenus Barrande.
i/

I

Plate XII, figures 5, 5a-b.

Obolus f advena Barrande, 1879, Systeme silurien du centre de la Boheme, vol. 5, pt. 1, PI. XCV, figs, iv: 1-2. (No
text reference. Figs. 2A, lA, and 2B are copied in this monograph, PL XII, figs. 5, 5a-b, respectively.)

This species is known to me only by the figures of Barrande [1879b, PI. XCV, fig. iv] some
of which are copied on Plate XII. The species is of the same type as 0. com'plexus Barrande,

so far as the means of comparison permit us to judge. It occurs at the same relative geologic

horizon as 0. complexus.

Formation and locality.—Lower Ordovician: (303d [Barrande, 1879b, PL XCV]) Etage dl, Swarow, Bohemia,
Austria-Hungary

.

, / Obolus anceps Walcott.

Plate X, figures 3, 3a-f.

Obolus anceps Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 388-389. (Described and discussed as below as a

new species.)

General form broadly ovate, somewhat subcuneate.- Valves moderately convex. Surface

marked by fine lines of growth, and finer slightly undulating concentric striae; when the outer

layer is exfoliated the outer surface of the inner layer is marked by very fine, radiating striae

and numerous lines of growth; the inner surface of the shell is nearly smooth, judging from a
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partial cast in the limestone. The shell is relatively thin and formed of a very thin outer layer

and one or more thin inner layers or lamellse, which thicken the shell from the umbonal

region and toward the front and sides.

A cast of the interior of a dorsal valve that is referred to this species shows that a strong

median ridge was present; also a median septum and a strong main vascular sinus. The area is

short and marked by rather prominent flexure lines, as indicated by the flexures in the transverse

lines of growth.

Ohservations.—This species might be taken for the young of 0. matinalis (Hall) or 0. msera

(Hall and Wliitfield), were it not for the great difl'erence in the thickness of the shell. It occurs

at a slightly higher horizon at the base of the Pogonip limestone.

Formation and locality.—Lower Ordovician (63) Limestone at the base of the Pogonip limestone northeast of

Adams Hill, Eureka district [Hague, 1S9-2, Atlas], Eureka County, Nevada.

Tipper Cambrian: (61) Limestone in the Dunderberg shale [Walcott, 1908f, p. 184], a little south of the Hamburg
mine, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Oboltjs? ancillus (Barrande).

Plate XII, figure 2.

Lingula ancilla Barrande, 1879, Systlme silurien du centre de la Boh6me, vol. 5, pt. 1, PL CXI, fig. vi: 3. (No

text reference. Fig. 3 is copied in this monograph, PL XII, fig. 2.)

This is a small shell of which we have only the one figure given by Barrande [1879b, PI. CXI,
fig. VI : 3] from which to express an opinion as to its generic relations. The configuration of the

valve and the lamellose character of.the shefl, as indicated by the portions adhering to the cast,

are what has led me to make the provisional reference to Oiolus. There are no interior characters

shown in the figure.

Formation and locality.—lower Ordovician: (303g [Barrande, 1879b, PL CXI]) Etage dl, at Rabenberg,

Bohemia, Austria-Hungary.

r Obolus apollinis Eichwald.

Text figures 4 and 15, page 299; Plate VII, figures 1-8, 10-17; Plate XIV, figures 6, 6a.

Obolus apollinis Eichwald, 1829, Zoologia specialis, vol. 1, p. 274, PL IV, figs. 5a-b. (Described in Latin as a new
species.)

Ungula plana Pander, 1830, Beitrage zur Geognosie des russischen Reiches, pp. 59 and 163, PL XXVIII, figs. 3a-b,

5a-b. (Characterized in German on p. 59; description of plate on p. 163.)

Ungula plana or convexa Pander, 1830, idem, p. 163, PL XXVIII, figs. 2a-b. (Only the description of the plate

occurs on p. 163.)

Ungula rotunda Pander, 1830, idem, pp. 59 and 163, PL XXVIII, figs. 4a-b. (Characterized in German on p. 59;

description of plate on p. 163.)

Ungula ovata Pander, 1830, idem, pp. 59 and 154, PL III, fig. 23 (not PL XXVIII, figs. 6a-b, referred to Obolus

(Schmidtia) celatus). (Characterized in German on p. 59; description of plate on p. 154.)

Ungula transversa Pander (in part), 1830, idem, pp. 59 and 163, PL XXVIII, figs. 7a-b, 8a-b? (not PL III, fig. 24,

which represents a specimen of Obolus apollinis quenstedti). (Characterized in German on p. 59; description of

plate on p. 163.)

Ungula triangularis Pander, 1830, idem, pp. 59, 154, and 163, PL III, fig. 25, PL XXVIII, figs. 9a-b. (Characterized

in German on p. 59; descriptions of plates on pp. 154 and 163.)

Obolus apollinis Eichwald, 1840, Jom'. Natur- und Heilkunde Medizinischen Akad. St. Petersburg, pts. 1 and 2, p. 167.

(Not seen.)

Orthis singula von Buch, 1841, Archiv fiir Mineralogie, Bd. 15, Hft. 1, pp. 7-8, PL II, fig. 9. (Described and discussed

in German, as belonging with the " Unguliten.")

Obolus apollinis Eichwald, 1843, Beitrage zur Kenntniss des russischen Reiches, Bd. 8, No. 2, p. 140. (Discussed in

German.)

Obolus apollinis Eichwald, de Vernbuil (in part), 1845, Geologic de la Russie d' Europe, by Murchison, de Verneuil,

and de Keyserling, vol. 2, pt. 3, pp. 290-292, PL XIX, figs. 3a-d. (Described and discussed in French; see Mat-

thew, 1892, pp. 43^4, for translation. De Verneuil includes Obolus apollinis ingricus, Obolus (Acritis) anti-

quissimus, and Obolus {Mickwitzella) siluricus in this species.)

Obolus apollinis Eichwald, Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp. 251

and 252. (Discussed in German.)
Aulonotreta polita Kutorga (in part), 1848, idem, pp. 279-282, PL VII, figs. lOa-f. (Described and discussed in

German as a new species. The text includes Obolus apollinis, Obolus apollinis ingricus, and Oboius {Mickwitz-

ella) siluricus.)
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Oholus apoUinis Eichwald, Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, p. 316. (Merely changes generic

and specific reference of Kutorga's Aulonotreta polita.)

Oholus apoUinis Eichwald, Davidson (in pai't), 1853, British Fossil Brachiopoda, vol. 1, introduction. No. 3, figs. 51

and 52, p. 136, and PI. IX, figs. 280-284 (not fig. 285, which represents Oholus (Acritis) antiquissimus). (No text

reference. Figs. 280 and 281 appear to be drawn from the specimens figured by Kutorga, 1848, PI. VII, figs. 10a

and lOf, respectively; figs. 282, 283, and 284 are drawn from the specimens figured by Kutorga, 1848, PI. VII,

figs. 10b', 10c, and lOe, respectively.)

Oholus apoUinis Eichwald, 1860, Lethsea rossica, ancienne p^riode, vol. 1, sec. 2, pp. 925-926. (Described and dis-

cussed in French.)

Oholus apoUinis Eichwald, Schmidt, 1861, Archiv fiii' Naturkunde Liv-, Ehst-, und Kurlands, 1st ser., Bd. 2, p. 218.

(Localities mentioned in German.)

Oholus apoUinis Eichwald, Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 2, p. 218, fig. 7, p. 217. (Discussed.

Fig. 7 is copied from Davidson, 1853, PI. IX, fig. 283.)

Oholus apoUinis Eichwald, Billings, 1872, Am. Jour. Sci., 3d ser., vol. 3, p. 356, fig. 7, p. 355. (Copy of preceding

reference.)

Oholus apoUinis Eichwald, Roemek, 1876, Lethsea geognostica, pt. 1, Lethsea palasozoica. Atlas, PI. II, figs. 7a-c. (No
text reference. Figs. 7a-c are copied from de Verneuil, 1845, PI. XIX, figs. 3b, 3a, and 3d, respectively.)

Oholus apoUinis Eichwald, Zittel (in part), 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, p. 664, figs. 488a-c (not

fig. 488d, which represents Oholus apoUinis quenstedti) . (No text reference. Figs. 488b and 488c are roughly

copied from Davidson, 1853, PI. IX, fig. 283, and fig. 52, p. 136, respectively. Fig. 488a appears to be roughly

copied from Kutorga, 1848, PL VII, fig. lOa^)

Oholus apoUinis Eichwald, Nobtling, 1883, Jahrb. Konig. preuss. geol. Landesanstalt Berlin for 1882, p. 265. (New
locality mentioned in German.)

Oholus apoUinis Eichwald, Roemek, 1885, Paleontologische Abhandlungen von Dames und Kayser, Bd. 2, Htt. 5,

pp. 23-24 (270-271), PL I (XXIV), figs. 2a-d. (New localities mentioned in German. Figs. 2b, 2c, and 2d are

copied from de Verneuil, 1845, PL XIX, figs. 3b, 3a, and 3d, respectively.)

Ungulites apoUinis (Eichwald), Quenstedt, 1885, Handbuch der Petrefactenkunde, Aufl. 3, pp. 755 and 756; fig. 262,

p. 755, and PL LVIII, figs. 56-57. (Characterized in German.)

Oholus apoUinis Eichwald, Gagel, 1890, Beitr. zur Naturkunde Preussens, von Physikal.-oekonom. Gesell. Konigs-

berg, 6, pp. 21-22, PL I, figs. 16, 16a-c. (Described in German. Figs. 16, 16a-c are very rough copies of the

figm'es given by Roemer, 1885, PL I (XXIV), figs. 2a-d, respectively.)

Oholus apoUinis Eichwald, Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, pp. 43-44. (A translation

of the description given by de Verneuil, 1845, pp. 291-292.)

OholiLS apoUinis Eichwald, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York tor 1891, figs. 247

and 248, p. 242. (No text reference. Fig. 247 is copied from Davidson, 1853, PL IX, fig. 283; fig. 248 is copied

from Kutorga, 1848, PL VII, fig. 10b'.)

Oholus. apoUinis Eichwald, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, figs.

247 and 248, p. 558. (Copy of preceding reference.)

Oholus apoUinis Eichwald, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, footnote, p. 80>

and figs. 33-34, p. 80. (Figures representing; species discussed. Fig. 33 is copied from Davidson, 1853, PL IX,

fig. 283; fig. 34 is copied from Kutorga, 1848, PL VII, fig. 10b'.)

Oholus apoUinis Eichwald, Mickwitz, 1896, Mem. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 133-137,

PL I, figs. 1-14. (Described and discussed in German; see below for translation of the essential parts.)

Oholus apoUinis Eichwald, Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, PL XXVI, figs. 3-6. (No text reference.

The specimens represented by figs. 3-6 are redrawn in this monograph, PL VII, figs. 10-13, respectively.)

Oholus apoUinis Eichwald, Moberg and Segerberg, 1906, Medd. fr^n Lunds Geol. Faltklubb, Ser. B, No. 2 (Aftryck

ur K. Fysiografiska Sallskapets HandL, N. F., Bd. 17), p. 65, PL III, figs. 1-3. (Specimens from new localities

discussed in Swedish.)

Oholus apoUinis Eichwald, WestergIrd, 1909, Medd. fr&n Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck ur K. Fysio-

grafiska Sallskapets HandL, N. F., Bd. 20), p. 56, PL II, figs. 14-16. (Localities mentioned in Swedish. Figs.

14-16 are copied from Moberg and Segerberg, 1906, PL III, figs. 1-3, respectively.)

Oholus apoUinis being the type of the genus, I have reproduced the diagnosis by Mickwitz

[1896, p. 133] with the accompanying remarks:

The series of forms comprised under 0. apoUinis, and connected with each other by many transitions, show such

departures in their extreme forms that an abundant material was necessary in order to show that they belong together.

With the increasing number of different forms there was an increasing difficulty in grouping them and in deciding

the question as to which of these many forms were to be regarded as species and which as varieties. The small oval

Valves corresponding to Eichwald's original in the Zoologia specialis show the generic characters much less pronounced

than many of the forms described below. Still Eichwald's conception was retained and merely somewhat amplified

by the incorporation of a small rounded form, because this form showed closer relation to Eichwald's original than to

the more divergent large forms described as varieties.
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Diagnosis: Shells flat, outline oval to rounded, tip of beak of the large valve somewhat drawn forward and some-

what curved inward. Concentric and radial striation faint and irregular, the latter somewhat unpronounced, at times

lost in an irregularly rent shell surface, but always recognizable at the posterior edges of the shell. Front and side

edges thin, sharp, brittle, lying in the same plane as the thickened edges of the beak. Area in the median line some-

what concave; pedicle tuiTow distinctly developed, slightly tapering toward the apex of the beak. Lines of folding

of the area lamellae slightly concave to the median line of the valve and converging into the apex of the beak. The
thickening of the posterior half of the valve is massive; the slope of the thickening down to the middle of the valve,

in the large valve, shows longitudinal striae and transverse traces of the secondaiy vessels. The traces of the main
vessels in both valves are broad and flat and on both sides marked at the bottom by narrow grooves. The grooves of

the secondary vessels, radiating into the interior of the valves, are rectilinear, unbranched, and at right angles to the

grooves of the main vessels. The central pit has the shape of the conventional heart, opens into the brachiocoele through

the median furrow and shows longitudinal strias at its posterior edge. The muscular attachments of the combined

outside lateral and central muscles of the large valve are drawn out into furrows toward the beak, which extend beyond
the posterior edge of the central pit.

Observations: The defective condition of the shells leaves many characters uncertain. Thus even in relatively

well-preserved specimens the edges of the shells are broken off and show neither the anterior course of the main ves-

sels nor the mouths of the secondary vessels where they enter the peripheral vascular canal.

The scars of the anterior lateral muscles of the small valve, which, owing to their position far forward, are also

for the most part broken off with the edge of the valve, were seen in three specimens.

In the typical form there seems to be a certain correlation between form, shell surface, and internal configuration,

but this correlation is not carried out very rigorously. The oval forms have the tip of the beak drawn somewhat farther

forward; the radial striation in them is for the most part less pronounced, while the concentric striation is stronger

and more roughly engraved. At the same time the shell surface is duller and lacks the strong varnish-like gloss which
is peculiar to the Oboli. To this external condition coiTesponds a less thickening of the posterior part of the shell,

and as a consequence a less pronounced development of all the characters connected with the thickening, such as

septa, ridges, central pit, etc. The internal marks of the last-named specimens are all developed to a recognizable

degree, but they lack relief.

Quite different is the case with the rounder forms. The shell surface is smoother and glossier, the concentric and
radial striation more alike, though the latter is always fainter, and at times is overpowered by the beginnings of an
irregular cracking of the surface, which is fully developed in 0. apollinis ingricus. At the same time the internal con-

figuration shows a plasticity often bordering on the monstrous.*******
To 0. apollinis in the narrower sense belong most of the forms described by earlier authors, in particular 0. apol-

linis Eichwald [1829, p. 274, PI. IV, figs. 5a-b], Ungula ovata Pander [1830, p. 59, PI. Ill, fig. 23] (while the valve

figured by the same author in figs. 6a-b, PI. XXVIII, belongs to a Schmidtia), 0. ingricus von Leuchtenberg [1843,

p. 16, PI. II, figs. 7-8], 0. apollinis de Verneuil [1845, p. 290, PI. XIX, fig. 3c], Aulonotrcta polita Kutorga [1848, p.

278, PL VII, figs. 10a, a', c?, d?, e?]; the other forms of Kutorga, so far as they may be recognized, belong to the varieties

of Eichwald's species.

The specific name is derived from Apollo, the name Oiolus afoUinis signifying "a coia of

ApoUo."

Formation and locality. «—Upper Cambrian: (395f) Oholus conglomerate throughout the east Baltic region;

(336c) Oholus sandstone at Reval; (395) Oholus sandstone at Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval;

(395b) Oholus sandstone at Ilgast; (9d) Oholus sandstone at Jaggowal, about 20 miles (32.2 km.) east-southeast of

Reval; (336b) Oholus sandstone on Odensholm Island, about 55 miles (88.6 km.) west of Reval; (336m) Oholus sand-

stope at Baltischport, about 30 miles (48 km.) west of Reval; (336t) Oholus sandstone at Wiems, 5 miles (8 km.) north-

northeast of Reval; and (336s) Oholus sandstone at Narwa; all in the Government of Esthonia, Russia.

(395z) Oholus sandstone at Jamburg on Louga (Luga) River; (336a) Oholus sandstone at Podolova (Putalova?) on
Ijora (Ischora) River; (336u) Oholus sandstone on the bank of Louga (Luga) River, southwest of St. Petersburg; (336k)

Oholus sandstone on Volkhof (Wolchow) River; (3361) Oholus sandstone on the bank of Sjass (Sias) River, near Lake
Ladoga; all in the Government of St. Petersburg, Russia.

(336r) Oholus sandstone in the entire region between Volkhof (Wolchow) and Sjass (Sias) rivers on the east and
Baltischport on the west. Governments of Novgorod, St. Petersburg, and Esthonia, Russia.

(311w) Drift bowlder of Oholus sandstone [Wiman, 1902, p. 68], Mariehamn, Aland Island, Finland, Russia.

(386c) Drift bowlder found near Lyck, East Prussia; and (386cl) drift bowlder found near Danzig, West Prussia;

both in Germany.

(321, 321a-d, and 321o) Drift bowlders of Oholus sandstone, Nos. 1-23, and 25-29 [Wiman, 1902, p. 68], on Fanton
Island, parish of Borstil, Province of Stockholm; (3901) Oholus conglomerate at Klittberget, in Dalarne, Province

of Kopparberg; (9e) Sandstone in the Oholus conglomerate at Boda, north of Rattvik, Dalarne; (311v [Wiman, 1902,

a The collections of the United States National Museum contain specimens of Obolus apollinis from Localities 9d, 9e, 336s, 395, 395b, and
B95z. The other localities mentioned are taken from the references given in the synonymy. The authority for each locality cited will be
Ibund in the list of localities, pp. 161-291.
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p. 68]) Drift bowlder of Obolus sandstone, Erskolmen Island, parish of Borstil, southeast of Gregrund, Province

of Stockholm; and (390m) conglomerate overlying the "glauconite sand" at Horn, Oeland Island; all in Sweden.

middle Cambrian : (368) Quartzitic sandstone in the Pepper Mountains, near Sandomierz, on the Vistula, Russian

Poland.

Obolus apollinis ingeictjs (Eichwald).

Obolus ingricus Eichwald, 1829, Zoologia specialis, vol. 1, p. 274. (Described in Latin as a new species.)

Obolus ingricus Eichwald, 1843, Beitrage zur Kenntniss des russischen Reiches, Bd. 8, No. 2, pp. 140-141. (Char-

acterized and discussed in German.)

Obolus apollinis Eichwald, de Verneuil (in part), 1845, G^ologie de la Russie d'Europe, byMurchison, de Verneuil,

and de Keyserling, vol. 2, pt. 3, pp. 290-292 (not PL XIX, figs. 3a-d, which represent specimens of Obolus apol-

linis). (Described and discussed in French. The reference includes Obolus (Acritis) antiquissimus, Obolus

(Michwitzella) siluricus, Obolus apollinis, and Obolus apollinis ingricus, Obolus apollinis being figured.)

Obolus ingricus Eichwald, voN Leuchteneerg, 1843, Beschreibung einiger neuen Thierreste der Urwelt von Zarskoe-

Selo, p. 16, PL II, figs. 7 and 8. (Not seen.)

Aulonotreta polita Kutorga (in part), 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, pp. 279-282 (not

PL VII, figs. lOa-f , which represent specimens of Obolus apollinis.) (Described and discussed in German as a

new species. The text includes Obolus apollinis ingricus, Obolus (Mickwitzella) siluricus, and Obolus apollinis,

the last species being figured.}

Obolus ingricus Eichwald, 1860, Letheea rossica, ancienne p6riode,vol. 1, sec. 2, pp. 926-927. (Described and discussed

in French.)

Obolus apollinis ingricus (Eichwald), Mickwitz, 1896, M^m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2,

pp. 137-140, PL I, figs. 15-28. (Described and discussed in German.)

Mickwitz states that this shell has the same form as 0. apollinis but that it is much larger

and the surface is more frequently and strongly marked by the concentric strias and lines of

growth ; the central pit of the ventral valve is more pear-shaped. A full description is given of

the details of exterior form and interior markings of the valves so far as known to him.

Formation and locality."—^TTpper Cambrian : (336a) Obolus sandstone at Podolova (Putalova?) on Ijora (Ischora)

River; and (395z) Obolus sandstone at Jamburg on Louga (Luga) River; both in the Government of St. Petersburg, Russia.

(395) Obolus sandstone at Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval; (395a) Obolus sandstone at Tihala,

near Jegelecht, 12 miles (19.3 km.) east of Reval; (336c) Obolus sandstone at Reval; (336t) Obolus sandstone at Wiems,

5 miles (8 km.) north-northeast of Reval; and (338s) Obolus sandstone at Narwa; all in the Government of Esthonia,

Russia.

Obolus apollinis maximus Mickwitz.

Plate VII, figure 9; Plate XIV, figures 7, 7a.

Obolus apollinis maoyimus Mickwitz, 1896, M6m. Acad. imp. sci. St.-P^tersbourg, 8th ser., vol. 4, No. 2, pp. 140-143,

PL I, figs. 29-38. (Described and discussed in German as a new variety.)

Mickwitz states that this shell is very large, 21 mm. or more in diameter. It has more
regular, radial, and concentric striations than the variety ingricus and the surface is smoother.

The ventral valve near the beak is very thick. An elaborate description is given, accompanied

by full illustration.

Formation and LOCALirT.^trpper Cambrian: (395) Obolus sandstone at Joa, near Jegelecht, It miles {19.3 km.)

east of Reval; and (395! [Mickwitz, 1896, p. 142]) Obolus conglomerate throughout the east Baltic region; both in the

Government of Esthonia, Russia.

(338j) Obolus sandstone at Staroja Ladoga, Government of Novgorod, Russia.

Obolus apollinis quenstedti (Mickwitz).

Text figures 34A-B, page 374.

Ungula convexa Pander, 1830, Beitrage zur Geognosie des russischen Reiches, pp. 59 and 163, PL XXVIII, figs. la-b.

(Characterized in German on p. 59; description of plate on p. 163.)

Ungula transversa Pander (in part), 1830, idem, pp. 59 and 154, PI. Ill, fig. 24 (not PL XXVIII, fi^s. 7a-b and

(?) 8a-b, which represent specimens of Obolus apollinis). (Characterized in German on p. 59; description of

, plate on p. 154.)

a All of the localities mentioned are taken from the references given in the synonymy. The authority for each locality cited will be fomid

in the list of localities, pp. 161-291.
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Vhgulites sp. Quenstedt, 1837, ArcHv fiir Naturgeschichte, von A. F. A. Wiegmann, Jahrg. 3, Bd. 1, pp. 143-145,

PI. Ill, figs. 7 and 8. (Described and discussed in German.)

Obolus apollinis Zittel (in part) [notEicHWALD], 1880, Handbuch der Palaeontologie, Bd. 1, Abth. 1, p. 664, fig. 488d

(not figs. 488a-c, which represent Obolus apollinis). (No text reference. Fig. 488d is roughly copied from

Quenstedt, 1837, PI. Ill, fig. 7.)

Obolus quenstedti Mickwitz, 1892, Melanges g6ol. et pal^ontol. tir^s du Bvdl. Acad. imp. sci. St.-P^tersbourg, vol. 1,

p. 62, fig. 1, and footnote on p. 60. (The description of the species is incorporated with that of the genus,

which is in German. Tlie two specimens represented by fig. 1 were redrawn by Mickwitz, 1896, figs. 6A-B, pp.
79 and 117, and then copied in this monograph, figs. 34A and 34B, p. 374.)

Obolus quenstedti Mickwitz, Hall and Clarke, 1892, Eleventh Ann. Eept. State Geologist New York for 1891, p. 243,

figs. 244 and 245. (Generic reference questioned. Figs. 244 and 245 are copied from Mickwitz, 1892, fig. l,p. 62.)

Obolus quenstedti Mickwitz, Hall and Clarke, 1892, Forty-fifth Ann. Kept. New York State Museum for 1891, p. 559,

figs. 244 and 245. (Text and figures copied from preceding reference.)

Obolus quenstedti Mickwitz, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 339, figs.

38 and 39. (Discusses species, questioning its reference to Obolus. Figs. 38 and 39 are copied from Mickwitz,

1892, fig. 1, p. 62.)

Obolus apollinis quenstedti Mick-witz, 1896, M6m. Acad. imp. sci. St.-P^tersbourg, 8th ser. , vol. 4, No. 2, pp. 143-145,

figs. 6A-B, p. 79, figs. 6A-B, p. 117, PL II, figs. 1-6. (Described and discussed in German; see below for trans-

lation of portions of the description. The text figures on p. 117 , wliich are copied from those on p. 79, are copied

in this monograph, figs. 34A and 34B, p. 374. Mickwitz's figures, pp. 79 and 117, are drawn from the specimens

which he illustrated, 1892, fig. 1, p. 62, and which were copied by Hall and Clarke, 1892a, figs. 244 and 245,

p. 243; 1892b, figs. 244 and 245, p. 559; and 1892c, figs. 38 and 39, p. 339.)

Obolus quenstedti Mickwitz, Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 385. (Translates part of the third para-

graph on p. 25 of Mickwitz's paper, 1896, as below, and discusses the type species.)

Obolus quenstedti Mickwitz, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 120. (Com-

pared, as the representative of Obolus, with "Lingulella selwyni," as the representative of Lingulella.)

Of this shell Mickwitz [1896, p. 25] says:

A more accurale study of the greatly increased material has convinced me that 0. quenstedti can not be maintained

as a species, since it is merely the terminal link of a series of variationsj which, like var. maximus and ingricus, can be

traced back to 0. apollinis. Thus the typical species remains 0. apollinis Eichwald.

In describing 0. apollinis quenstedti Mickwitz [1896, p. 143] says:

This variety is distinguished externally from the forms thus far described of 0. apollinis by the circular outline of

its valves, their less pronounced arching (in the mean 0.159 for the large valve, and 0.183 for the small valve), and by
its smoother and more shining external shell surface, while by its size it is allied to the varieties ingricus and maximus
(in the mean 21.5 mm.). The radial striae are more strongly developed and more uniformly distributed over the shell

surface than in other forms of Eichwald's species, and they often exceed the concentric strise in distinctness.

The shells show two extreme forms connected by intermediate links. Those forms also show a corresponding

variation in the development of the internal characters. * * *

The internal shell surfaces of this variety (quenstedti) are most vigorously chiseled of all the forms of 0. apollinis,

and although in all the details of their internal configuration they show merely the typical form, yet by the peculiar

development of the characters they present a picture differing from the other forms of Eichwald's species. The
peculiarity in the development of the internal characters of this variety consists in this, that both the elevations and the

depressions are strongly developed, and in this way double the jelief of the pattern. At the same time details become
apparent which in the other forms are distinguLshable only by reflected light. Such is the longitudinal striation of

the posterior edge of the central pit.

The varietal name was given in honor of F. A. von Quenstedt.

Formation and locality.—Upper Cambrian: (395 [Mickwitz, 1896, p. 145]) Obolus sandstone at Joa; and (395a

[Mickwitz, 1896, p. 144]) Obolus sandstone at Tihala; both near Jegelecht, 12 mUes (19.3 km.) east of Reval, Govern-

ment of Esthonia, Russia.

(395z [Mickwitz, 1896, p. 144]) Obolus sandstone at Jamburg, on Louga (Luga) River, Government of St. Peters-

burg, Russia.

Obolus? bavaricus (Barrande).

Plate XV, figures 10, 10a.

Lingula bavarica Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, p. 100, fig. 62. (Described and
discussed in French as a new species. Fig. 62 is copied in this monograph, PI. XV, fig. 10.)

Obolus .^paHiaius Barrande (in part), 1868, idem, pp. 104-105, fig. 64 (not fig. 65, which represents the species paZKatos).

(Described and discussed in French as a new species. Fig. 64 is copied in this monograph, PL XV, fig. 10a.)

Lingula bavarica Barrande, 1868, Neues Jahrb. ftir Mineralogie for 1868, pp. 690-691, unnumbered plate, fig. 62.

(Text and figure copied from Barrande, 186Sa, p. 100, fig. 62.)

Obolus f palliatus Barrande (in part), 1868, idem, p. 693, unnumbered plate, fig. 64 (not Sg. 65, which represents

the species palliatus). (Text and figure copied from Barrande, 1868a, pp. 104-105, fig. 64.)

62667°—VOL 51, pt 1—12 25
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The author states [1868a, p. 100] that this shell can only be described by its external

appearance, and that this does not enable him definitely to identify it with Lingula or

one of the more recently distinguished genera Lingulella or Obolella. The shell is compressed.

The only portion preserved near the beak is about 0.5 mm. thick. Its external surface is

marked by somewhat irregularly spaced concentric striae, which are reproduced on the internal

cast. Traces of longitudinal striae are shown on the fragment of shell preserved. The shell has
a length of 17 mm. and its greatest width is 16 mm. Comparison is made with Oiolella plumbea
Salter, of the English rocks, and attention is called to the fact that the English species belongs

to the group of the lower Llandeilo, constituting a transition between the primordial and
second faunas like the schists of Hof

.

Formation and locality.—Passage beds between the Upper Cambrian, and Ordovician: (303c [Barrande, 1868a,

p. 100]) suburbs of Hof, Bavaria, Germany.

I
Obolus belli (BiUings).

Plate XXXVIII, figures 3, 3a-b.

Lingula belli Billings, 1859, Canadian Naturalist, 1st ser., vol. 4, pp. 431-432, figs. 7 and 8. (Described and discussed

as a new species, as below. The specimens figured by Billings are redrawn in this monograph, PL XXXVIII,
figs. 3 and 3a, but it is impossible further to identify BUlings's figures with those in this monograph.)

Lingula belli Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, figs. 47a-b, p. 124. (No text reference.

Figs. 47a-b are copied from figs. 7 and 8, respectively, of the preceding reference.)

The original description by Billings follows:

Oval, apical angle about 75°, lateral margins somewhat straight or gently convex for two-thirds of the length, front

angles and anterior margins broadly rounded; length one-fourth or one-third greater than the width; greatest width at

about one-third the length or a little less from the front. Large specimens are one inch long and nine lines wide, but

the usual size is one-third smaller.

The form so far as regards convexity of the valves is somewhat variable. In general the specimens are strongly

convex, or very obtusely carinate from the beak to near the center of the shell, and have three flat slopes, one to each

of the lateral margins and one to the front. The most prominent point is a little above the middle, and the anterior

slope is always larger than the others. From this form, which is that of a very low three-sided pyramid, with all the

angles and edges broadly rounded, there is a series becoming more and more convex, until all trace of the anterior

slope is lost, while the two lateral slopes are only visible for a short distance below the beaks. By taking the extremes

several species might be made out of this one, but I am satisfied that they would not in the end be sustained.

The surface is sometimes nearly smooth, but usually it is marked by concentric undulations of growth. I have

not been able to detect any minute concentric striae between the larger undulations, and on only one of all the specimens

that I have seen are there any longitudinal strise, and these are only faintly indicated on the cast of the interior. The
specimens collected in the Chazy limestone in the neighborhood of Montreal are of a jet-black color and often exhibit

a polished shining surface, but those in the same rock in the valley of the Ottawa above Carillon are light brown.

The species is closely allied to L. antiqua (Hall) but is not longitudinally striated. In the Potsdam sandstone on

lots 21 and 22, in the 9th concession of the Township of Bastard, L. antiqua occurs in vast abundance, and among
the specimens collected at that locality there are a great many which have almost exactly the same foim as L. belli,

the only difference being the longitudinal striae.

I have also before me specimens from the Falls of St. Croix in Wisconsin, said to be L. prima of the Potsdam, and

these also have the depressed pyramidal elevation, but are in outline suborbicular or obscurely subpentagonal. The

elongated form sometimes referred to L. antiqua appears to me to be L. acuminata (Conrad), and differs from all the above

by being convex from the beak all along the median line to the front.

BiUings [1859, p. 432] has indicated the resemblance of this species to "L. antiqua Hall" =
Lingulella (lAngulepis) acuminata (Conrad). In addition, I find traces of the heart-shaped

cavity of the ventral valve (PI. XXXVIII, fig. 3a) so characteristic of Oholus and its sub-

genera. So far as known to me this is the latest species of Obolus known to occur in any

American geologic section.

The specific name was given in honor of Rev. A. Bell, of L'Original, near Montreal, Canada.

Formation and locality.—Ordovician: Chazy formation at the following localities [Billings, 1859, p. 432]:

(319n) Island of Montreal; (319o) near L'Original; and (319p) on AUumette Island; all in the St. Lawrence River

valley, Canada.

(39211 [Billings, 1859, p. 432]) Limestone of the Chazy formation in the vaUey of Ottawa River, above Carillon,

Quebec, Canada.
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Obolxjs chinensis (Walcott).

Plate XXXIX, figvires 7, 7a-b.

Obolus (Lingulella) chinensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 328-329. (Described and discussed

as below as a new species.)

General form broadly subovate, with the ventral valve broadly subacuminate and the dorsal

valve oval, with the posterolateral slopes somewhat straightened. There is some variation

in the proportions of width and length in different shells. Valves rather strongly convex for

so thin a shell, in this respect resembling species of Dicellomus. Surface marked by fine con-

centric strise and lines of growth and very fine undulating concentric lines; this outer surface

is usually a dull black and adheres to the matrix; when the outer layer is exfoliated the surface

is shiny black and marked by numerous radiating striae in addition to concentric strise; the

inner surface shows a few scattered punctse in addition to radiating and concentric strise out-

side the visceral area. The shell is of medium thickness and formed of a thin outer layer and

several inner layers or lamellse that are slightly oblique to the outer layer; the lamellse are more
numerous and more oblique to the outer layer over the anterior and anterolateral portions

of the shell. The ventral valves average 3 mm. in length, with width varying from 2 mm. to

2.5 mm. The dorsal valve is slightly shorter than the ventral when the two valves have the

same width.

The interior of the ventral valve shows that the area is short and divided midway by
a narrow pedicle furrow that merges into the visceral area which extends forward about one-

third the length of the valve; on each side of the anterior central portion of the visceral area

there are two small trapezoidal areas within which the central scars and the middle and out-

side lateral muscle scars were attached ; the small transmedian and anterolateral muscle scars

are situated close to the main vascular sinus opposite the anterior portion of the central visceral

area. A partial cast of the interior of the dorsal valve shows a rather wide visceral area with
the anterolateral scars about the center of the valve and the central scars about one-fourth

of the distance back from the center to the posterior margin. Of the impressions left by the

vascular system only the main vascular sinuses of the ventral valve have been seen. These
are situated about midway between the central visceral area and the margins of the valve.

Oiservations.—This species occurs abundantly in association with Acrotreta shantungensis

Walcott. It is closely related in form to Oholus prindlei (Walcott) of the upper Olenellus

zone of eastern New York, and belongs with a group of small shells that have a wide vertical

and geographic range, as is noted under the description of 0. prindlei. With the data available

for comparison it differs from 0. prindlei in its shorter cardinal area, and visceral area in the

dorsal valve. From Lingulella damesi (Walcott) it differs in being broader in proportion to

its length.

Formation and locality.—Middle Cambrian: (C62) Earthy layer in the middle limestone of the Kiulung
group [Blackwelder, 1907a, pp. 37 and 40 (last list of fossils) and fig. 10 (base of bed 7), p. 38], 2.5 miles (4 km.) south
of Yenchuang, on the north-northeast spur of Hulushan, Sintai district. Shantung, China.

I

Obolus complexus Barrande.

Plate XII, figures 8, 3a, 8, 8a.

Obolus? complexus Barrande, 1879, Systeme silurien du centre de la Boheme, vol. 5, pt. 1, PI. XCV, figs, iii: 1-2;

PI. CXI, figs, vi: 1-2; PI. CXIII, fig. v; and PI. CLII, fig. ii: 4. (No text reference. PL XII, figs. 3, 3a, 8,

and 8a, of this monograph are copied from PL CLII, fig. ii:4A; PL CXIII, fig. v:A; PL XCV, figs, in: lA-B;
and PL XCV, fig. iii:2C, respectively.)

Obolella ?? complexity Barrande, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 73, fig.

31. (Merely suggests change in generic reference. Fig. 31 is copied from Barrande, 1879b, PL CLII, fig. n:4A.)
Schmidtia?? complexus Barrande, Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp.

19-20. (Generic relations discussed in German.)

Barrande [1879b] recognized the relations of this species to Oholus, although at the time
he did not have the results of Mickwitz's studies to aid him. The latter [1896, p. 19] considers
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that Barrande's figure [1879, PI. CLII, fig. ii: 4] shows in the arrangement of the internal char-

acters a remarkable similarity to the large valve of Schmidtia. (This figure is represented in

PI. XII, fig. 3, of this memoir.) A comparison with O.feistrrianteli (Barrande) (PL XII, fig. Id)

shows the relation of the interior markings in the two species. However, the figure of 0. corn-

plexus, which is an internal cast, has a pointed projection that indicates the presence of the

transmedian and anterior lateral muscle scars much closer to the margm of the shell than the

other species of the genus. I think, however, that we are justified in referring the species pro-

visionally to Obolus. The specimens figured by Barrande [lS79b, PI. XCV, figs, ii: 1-2] do not

appear to me to represent this species. The valve from Kruschna Hora (PI. XII, fig. 3a)

probably represents a dorsal valve. All the characters known to me are shown by the figures.

Hall and Clarke [1892c, p. 73] considered that the species might be a genuine Obolella.

Formation and locality.—Lower Ordovioian: (303i) Mage dl, Kruschna Hora; (303h) Etage dl, at Milinsky

Wrch, near Woleschna; and (303g) Etage dl, at Babenberg; all [Barrande, 1879b, Pis. XCV and CXI] in Bohemia,

.

Austria-Hungary.

Obolus cyane (Billings).

Plate XXVII, figures 4, 4a-b.

Lingula cyane Billings, 1865, Gaol. Survey Canada, Paleozoic Fossils, vol. 1, p. 216, figs. 200a-d, p. 215. (Described.

Billings's type specimens are redrawn in this monograph, PL XXVII, figs. 4, 4a-b, but it is impossible further

to identify his figures -with those in this monograph.)

Glossina cyane (Billings), Schucheet, 1897, Bull. U. S. Geol. Survey No. 87, p. 224. (Merely changes generic

reference.)

General form ovate cuneate, broadly rounded at the front and sides, with the ventral

valve subacuminate and the dorsal valve broadly rounded at the beak; valves rather strongly

convex, especially the dorsal. Surface marked by concentric strise and slight undulations of

growth and by very fine radiating striae; when the outer surface is exfoliated the inner layers

or lamellae are marked by numerous radiating striae and concentric lines and undulations of

growth ; the casts of the interior show essentially the same markings as the inner layers, except

over the visceral area, which is largely covered with fine papillaj corresponding to the minutely

pitted surface of the shell's interior. The shell is thick and built up of a thin outer layer and

numerous inner layers or lamellfe arranged over the anterior portions of the shell obliquely to

the outer surface. Three ventral valves have an average length of 7 mm., with a width of

6 mm. ; a dorsal valve 6 mm. in length is the same in width. The area of the ventral valve,

as shown in a cast, is divided at the center by a strong pedicle furrow and about halfway

between the pedicle furrow and the lateral margin by a sharp flexure line. The striae of

growth cross the area parallel with its base and show very clearly on the cast of the pedicle

furrow. The area forms a thin shelf between tlie pedicle groove and the lateral margins, the

undercut extending well back under the area. Tlie area of the dorsal valve is relatively short

and narrow, scarcely showing when viewed from above.

The cast of the visceral cavity is strongly marked, but in none of the specimens are the

muscle scars shown. The central groove is shown in the cast by a rounded ridge, and the path

of advance of the trapezoidal area (c), in wliich the central, middle, and outside lateral muscle

scars occur, is beautifully shown by Plate XXXII, figure 4, the transverse ridges representing

the lines of growth. The main vascular sinuses are fairly well shown in the same figure. There

are no traces of a median septum in the ventral valve, but this structure is clearty shoAva in

the casts of the dorsal valve, extending forward between the anterior lateral muscle scars.

The cast of the interior of the dorsal valve shows that in the adult the shell was thickened

over the visceral area and that the muscle scars were located on a comparatively elevated plat-

form. The position and form of the anterior lateral and central muscle scars and the direction

of the scar of tlie parietal band are fairly well shown by Plate XXVII, figure 4b, as is also the

umbonal scar (g).

Observations.—This is a most interesting species on account of its preserving well into

Ordovician time the characteristics of well-marked forms of Lingulella from the Middle and Upper
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Cambrian. This may be seen by comparing with figures of Lingulella hayesi (Walcott) (PI. XXV)
of the Middle Cambrian and Lingulella radula Matthew (PI. XLV) of the Upper Cambrian.

Ololus cyane is of the same tj^pe as Lingulella iole (Billings) and is associated with it

in a horizon that appears to correspond with the upper portion of the Chazy and base of the

Trenton of the New York section. It differs in being more cuneate and less elongate.

Formation and locality.—Lower Ordovician: (314d.) Limestone of Division P [Billings, 1865a, p. 216] of the

"Quebec group," 4 miles (6.4 km.) northeast of Portland Creek, Newfoundland.

Obolus discoideus (Hall and Whitfield).

y
Plate XVIII, figures 6, 6a-d.

Oholella discoida Hall and Whitfield, 1877, U. S. Geol. Expl. 40th Par., vol. 4, p; 205, PI. I, figs. 1 and 2. (Described.

One of Hall and WTiitfield's specimens, likely the one represented by fig. 2, is redraw^ in this monograph, PI.

XVIII, fig. 6c; the specimen represented by fig. 1 is not figured in this monograph.)

Oholella discoidea Hall and Whitfield, Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, p. 14. (New localities mentioned.)

Oholella f discoidea Hall and Whitfield, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 111. (Questions generic

reference.)

Oholella ? discoidea Hall and Whitfield, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol, 8, pt. 1, p. 69.

(Questions generic reference.)

Oholus {Lingulella) discoideus (Hall and Whitfield), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely

changes generic reference.)

General form broad ovate to subcircular, with the ventral valve obtusely acuminate and

the dorsal valve more broadly rounded posteriorly; both valves depressed convex, the umbo
of the ventral valve rising slightly toward the posterior margin. Surface of shell marked by
very fine, concentric undulating strise and lines of growth. When partly exfoliated the

inner lamellose layers are imbricated, their outer edges being irregular. The only traces of

the interiors observed show fine concentric striae of growth. Shell of medium thickness. It is

built up of a very thin outer layer and numerous inner layers arranged more or less obliquely

to the outer layer over the frontal portions. The largest valve has a length of 4.25 mm. with a

width of 4 mm. No interiors of either valve have been found among a large number of specimens.

Observations.—This pretty little shell is certainly not an Oholella. In shell structure and

form it is like Obolus.

Formation and locality.—Lower Ordovician : (185z) Limestones at the base of the Lower Ordovician [Walcott,

1908t, p. 191], in Blacksmith Fork Canyon, about 9 miles (14.4 km.) east of Hyrum, Cache County, Utah.

tipper Cambrian: (313j [Hall and Whitfield, 1877, p. 305]) Limestone in the Eureka district; (66) Dunderberg shale

[Walcott, 1908f, p. 184], on the first ridge north of the Dunderberg mine; (62) limestone in the Dunderberg shale

[see Walcott, 190Sf, p. 184], in canyon immediately north of Adams Hill; and (64) limestone near the Bullwhacker

mine; all in the Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

(8f) Limestones at summit of canyon, 10 miles (16.1 km.) south of Egan Canyon, east side of Egan Range, White
Pine County, Nevada.

(54e) About 200 feet (61 m.) above the Middle Cambrian and 1,025 feet (212.4 m.) below the top of the Upper
Cambrian, in limestones forming 3 of the St. Charles formation; and (54f) about 150 feet (45.7 m.) above the Middle

Cambrian and 1,075 feet (327.7 m.) below the top of the Upper Cambrian in the light-gray sandstone forming 4 of the

St. Charles formation; both in Blacksmith Fork Canyon [Walcott, 1908f, p. 193], about 10 miles (16.1 km.) east of

Hyrum, Cache County, Utah.

(56g) Limestone of the St. Charles formation [Walcott, 1908a, p. 6], in the valley of the stream which flows into

Mill Canyon from the west, about 6 miles (9.6 km.) west-southwest of Liberty, and 15 miles (24.2 km.) west of Mont-
pelier. Bear Lake County, Idaho.

(151) Limestone in point overlooking Chum Canyon, on the west side of the Bridger Range, Gallatin County,

Montana.

Middle Cambrian: (58) Shaly limestone in upper beds of Secret Canyon shale, east side of New York and Secret

canyons, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Specimens that are somewhat doubtfully referred to this species occur at the following

locality

:

Upper Cambrian : (302r) About 1,000 feet (305 m.) above the quartzitic sandstones in the " Yogo limestone (Devono-
Silurian)" of W. H. Emmons [1907, p. 34], near Princeton, Philipsburg quadrangle (U. S. Geol. Survey), Granite

County, Montana.
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V Obolus dolatus (Sardeson).

Text figures 35A-C.

Lingula dolata Sardeson, 1896, Bull. Minnesota Acad. Nat. Sci., vol. 4, p. 95, PI. VI, fig. 12. (Described as a new
species.)

Only the exterior of the valves of this species is known. The outline of the valves is much
like tliat of Oholus matinalis (Hall) (PI. VIII), and it does not differ more in this respect from

FiGXJEE 35.

—

Obolus dolatus (Sardeson). A, Exterior of a large, crushed ventral valve, the type specimen.

B, Exterior of an elongate dorsal valve. C, Surface ridges on the front part of another dorsal valve, X14.

The specimens represented are all from Locahty 339, near Stillwater, Minnesota, in beds which are reported by
Sardeson to be the Lower Ordovician Oneota dolomite.

that species than specimens of 0. matinalis differ from each other. The cliief specific distinc-

tion is m the fine, narrow, sharp, slightly undulating, slightly inosculating concentric ridges;

the spaces between the ridges are about twice the width of the ridges. This surface is some-

what similar to that on the interspaces between the beaded ridge of Oholus (Mickwitzella)

siluricus (PI. XV, fig. Ic).

It may be that when specimens of the mterior of the valves are found other differences

from 0. matinalis will be noted. Oholus dolatus appears to be a Lower Ordovician representative

of the widely distributed 0. matinalis.

Formation" and locality.—Lower Ordovician : (339 [Sardeson, 1896, pp. 95 and 96]) from beds referred by Sardeson

to the Oneota dolomite, Stillwater, Washington County, Minnesota.

I Obolus eichwaldi Mickwitz.

Obolics eichwaldi Mickwitz, 1896, Mem. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 154-155, PI. II,

figs. 15a-d. (Described and discussed in German as a new species.)

Of this species Mickwitz had only the posterior portion of a dorsal valve and some small

fragments. He states that the essential characteristics which distinguish it from 0. triangu-

laris Mickwitz are the much finer, more regular, concentric striation and the somewhat irregu-

lar, undulating, radial ribs, which give tlae surface a somewhat wavy appearance through their

varying strength and occasional interruption. Mickwitz speaks of the circular form of the fehell,

but the lines of growth on the fragment illustrated (PL II, fig. 15a) indicate a somewhat trans-

verse shell. He also mentions peculiarities in the area of the dorsal valve. The student is

referred to tlie elaborate description of Mickwitz for further details.

Mickwitz states that 0. eichwaldi is one of the rarest species of the Oholus sandstone.

The specific name was given in honor of C. E. von Eichwald.

Formation and locality.—Upper Cambrian: (395 [Mickwitz, 1896, p. 155]) Oholus sandstone at Joa, near

Jegelecht, 12 miles (19.3 km.) east of Reval, Government of Esthonia, Russia.

Obolus elegans Mickwitz.

Plate XV, figure 3.

Oholus elegans Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 157-158, PI. II, fig.

18. (Described and discussed in German as a new species.)

Only fragments were found of "this most delicate species of the Oholus sandstone." The
shell appears to have been roundish and rather strongly convex, judging from one of the larger

fragments, which does not exceed 5 mm. in diameter.
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The species is distinguished from all others of the Oholus sandstone by the rounded, narrow,

radiating ribs, which are increased by frequent interpolation from the umbo toward the front

margin. The surface is also marked by fine concentric striation. Nothing is known of the

internal characters.

Mickwitz states that tliis is one of the rarest of the known species of the Oholus sandstone.

In some collections made by Schmalensee I found nearly an entire specimen of the exterior

of the ventral valve; this is illustrated by Plate XV, figure 3. The surface of this shell is much
like that of Botsfordia cselata (Hall) (PI. LIX, fig. lb).

Formation and locality.—Upper Cambrian: (395 [ilickwitz, 1896, p. 158\) Oholus sandstone at Joa, near Jegelecht,

12 miles {19.S hm.) east of Reval; and (395b) Obolus sandstone at Ilgast; both in the Government of Esthonia, Russia.

Oboltjs feistmanteli (Barrande).

Plate XII, figures 1, la-f, 9, 9a.

Lingula feistmanteli Barrande, 1879, Syst§me silurien du centre de la Boheme, vol. 5, PL CVI, figs, iv: 1-14;

PL CX, figs, viii: 1^. (No text reference. PL XII, figs. 1, la, Id, and If of this monograph are copied from

Barrande's figures, PL CXVI, figs, iv: 7a, 11a, 4a, and 12f, respectively.)

General form rounded ovate to rounded subtriangular; ventral valve subacuminate, with

the dorsal valve rounded subacuminate; valves moderately and almost uniformly convex.

Surface of the shell marked by concentric undulations and striae of growth and, apparently,

fine radiating striae. The latter are shown only on one specimen, as the outer surface usually

adheres to the sandstone matrix, as in Plate XII, figure la. Wlien the outer surface of the shell

is exfoUated, the surface of the inner layers is marked by numerous fine radiating strisB (PI.

XII, figs. 1 and If), with more or less obscured concentric Unes of growth. The radiating striae

appear to be distributed over the entire surface of the inner lamellae of the shell, but are strongest

on the inner, oblique layers of the anterior portion. In some instances the striae on the oblique

lamellae are somewhat irregular (PL XII, fig. le); the inner surface of the shell is marked by

small pits or punctae and by obscure concentric lines of growth. The punct^ are distributed

irregularly, being most prominent in the visceral portion. The general character is well shown

in Plate XII, figure If. The shell is formed of a thin outer layer, with numerous inner layers

or lamellae over the anterior and outer portions. These inner lamellae over the anterior portion

of the shell are oblique to the outer layer, and when the shell is partly exfoliated they appear

as imbricating layers (PI. XII, figs. 1 and If). The layers or lamellae formed in the central

and posterior portions of the shell are relatively strong, and give considerable thickness to the

shell. When these are exfoliated and the obhque anterior lamellae are preserved, a shallow

but well-defined depressed rim extends all around the valves. This rim shows more or less dis-

tinctly in the cast of the interior of the shell (PI. XII, figs, lb and le). This species varies

somewhat in size and outline of the valves, but the variation shown is very slight in a large

series of specimens from the typical locaUty. A ventral valve 16 mm. in length has a width of

15 mm. A dorsal valve, represented in figure le, is shghtly wider than long. Usually the

length and width of the dorsal valves is the same.

Casts of the interior of the ventral valve show a very clearly defined area. This is rather

short for so large a shell (PL XII, fig. lb) ; it is divided midway by the cast of a narrow, rather

deep, pedicle groove; flexure lines have not been observed. The area extends well forward on

the cardinal slopes and is marked by strong striae of growth paraUel to its front margin. One
of the casts indicates that the area formed a narrow shelf between the pedicle groove and the

lateral margins. The area of the dorsal valve is short and extends but a short distance out on

the cardinal slopes.

Casts of the visceral cavity are well shown for both valves (PL XII, figs, lb and le). It

resembles that of Oholus matinalis (Hall) and 0. apollinis Eichwald. The median septum has

not been seen in either valve. A narrow furrow extends down the center of the dorsal valve

between the central scars. A similar median depression is seen in the posterior portion of the

visceral cavity of the ventral valve.

The muscle scars of the ventral valve are not clearly defined. The umbonal scar is indi-

cated in one specimen (PL XII, fig. lb). It is divided, but no trace of a pedicle scar has been
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seen between the two. In the dorsal valve the umbonal scar is very close to the area and
extends some distance on each side of the median line. It is marked by fine striae subparallel

to the longitudinal axis of the shell. In one cast (PL XII, fig. lb) the position of the trans-

median and anterior lateral scars is indicated; also the area in which the central, middle, and
outside lateral scars occur, but the scars are not differentiated. In the dorsal valve (PI. XII,
fig. le) the central (h) and anterior lateral (j) scars are clearly defined also the position of the
transmedians (i).

Portions of the markings left on the shell by the vascular system are well preserved in a
few specimens. The description is of the cast, or as the markings are shown on the thin inner

layer. The main sinuses are slightly rounded ridges that arch from the beak outward toward
the center and then inward well toward the anterior margin. Those of the ventral valve are

shown in Plate XII, figures lb,lc,and ld,and the dorsal in figure le. The interior lateral branches
in the ventral valve extend transversely from the main sinus nearly to the median line, except
toward the front, where they arch sUghtly backward (PL XII, fig. Ic); the exterior lateral

branches arch forward to the edge of the depressed rim, where they appear to pass into the small

interosculating canals that cross the rim to the outer margin, each canal dividing into three or

more branches; the peripheral vascular canal of Mickwitz [1896, p. 97] does not appear on any
of the specimens available for study, but this may be owing to our not having the inner surface

of the inner layer to examine.

The parietal scar is distinctly shown in front of the visceral cavity in both valves, but it

has not been traced outside of the main sinus, although the positions of the transmedian and
anterior lateral scars in the dorsal valve (PL XII, fig. lb) indicate its approximate lateral

extension.

Observations.—This large fine species is extensively illustrated by Barrande, but the material

at his command evidently did not satisfactorily show the muscle scars and vascular markings
of the interior of the valves. One figure of the ventral valve [1879b, pi. CVI, fig. iv: 4] indi-

cates the relative position of the main vascular canals and muscle scars (copied on PL XII,
fig. Id, of this monograph), but it was not sufficiently clear to convince Mickwitz [1896, pp. 19-20]

that the species should be referred to Oholus, and Hall and Clarke [1892c, pp. 68-69] sug-

gested that it might be an Obolella. 1 found in the collections of the Museum of Comparative
Zoology at Cambridge a number of specimens showing casts of the interior of both valves. Of
these, three are figured in this monograph (PL XII, figs, lb, Ic, le, 9, and 9a). Plate XII,
figure Ic, is of a specimen preserving the tliin inner layer, on the exterior of which vascular

markings are beautifully preserved. Owing to the coarse character of the sandstone matrix,

the interior casts preserve only traces of the main sinuses. Figure le represents a similar

specimen in which the exterior lateral branches of the main sinus appear to subdivide at the

inner edge of the flattened rim and to continue across the rim to the outer edge, inosculating

and bifurcatmg in an irregular manner.

This is one of the most recent as well as the largest species of the genus. In form and the

arrangement of the vascular markings and muscle scars it may be compared with 0. matinalis

(Hall), which, however, is a much smaller species from the Middle Cambrian fauna. In outline,

size, and general arrangement of the muscle scars and visceral cavity the species may be com-
pared with Oholus {Linguloholus) affinis (Billings) (PL XVI, figs. 1, la-e).

The specific name was given in honor of K. Feistmantel.

Formation and locality.—Lower Ordovician: (303i [Barrande, J.879b, PL CX]) Sandstone of Stage dl, at Kruschna

Hora; and (303] [Barrande, 1879b, PI. CVI]) Etage dl, at Czerhowitz; both in Bohemia, Austria-Hungary.

Oboltjs fragilis (Walcott).

Plate XXIII, figures 5, 5a-e.

Obelus (Lingulella) fragilis Walcott, 1898, Proc. U. S. Nat. Mua., vol. 21, p. 404. (Described and discussed essentially

as below as a new species.)

General form ovate, with the ventral valve subacuminate and dorsal valve broad ovate;

valves apparently moderately convex, as determined from the specimens more or less com-

pressed in the shale. Surface of shell marked by concentric lines of growth, and what appears
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to be an exceedingly fine papillose surface, which is apparently produced by the inosculation

of- irregular, raised strise, as on the surface of Oholus (Westonia) ella (Hall and Wliitfield) and
Lingulella ferruginea Salter and on a larger scale by Lingulella radula Matthew. Wlien the

outer layer of the shell is exfoliated, very fine concentric and radiating strise occur on the surface

of the inner layers. The shell is thin and formed of an outer layer and one or more thin layers

or lamellae.

The average length of the ventral valve is about 5 nun.; width, 4 mm. The dorsal valve

is a little shorter.

The rather long area of the ventral valve is divided midway by a strong pedicle groove

(PL XXIII, fig. 5). The area of the dorsal valve is clearly defined on casts of the interior; it

is about three-fifths the width of the valve and is arched forward at the center.

The casts of the interior of the valves show traces of the vascular markings, but nothing

very definite can be said of them.

Ohservations.—This pretty little species is closely related to Lingulella ferruginea Salter,

with which it is associated in the shales of Manuels Brook. It is distinguished from the latter

by its broad form and thinner shell.

Formation and locality.—Middle Cambrian: (la) Shales near the top of No. 6 of the Manuels Brook section;

(1) shales of zone A of No. 7 of the Manuels Brooi section; and (2) shales of zone B of No. 7 of the Manuels Brook sec-

tion; all on Manuels Brook (see Walcott, 1891b, p. 261, for position in section). Conception Bay, Newfoundland.

Obolus? inflatus Westergard.

Obolus f inflatus WestekgIrd, 1909, Medd. irkn Lunds Geol. Paltklubb, Ser. B, No. 4 (Aftryck ur K. Fysiografiska

Sallskapets Handl., N. F., Bd. 20), p. 76, PL V, fig. 25. (Described in Swedish as a new species; see below
for translation.)

The original description by Westergard follows:

Interior of shell unknown, hence the generic identification is uncertain. The outer contour is almost elliptical,

being somewhat less broad than high. The thin shiny shell is posteriorly sharply convex and slopes from there to the

anterior margin. It has somewhat uneven, fine, but very distinct concentric striae and indistinct radial strise. Even
where the shell is exfoliated the radial striation is apparent.

Formation and locality.—^Passage beds between the Upper Cambrian and the Ordovician: (310x [Westergard,

1909, p. 76]) The uppermost limestone stratum, in beds equivalent to the Ceratopygeliinestoae, at Jerrestad, Province

of Malmohus, Sweden.

, Obolus ismene Walcott.

Plate XI, figures 3, 3a-b.

Obolus ismene Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 325. (Characterized as below as a new species.)

This species is characterized by its elevated umbo, flattened posterior lateral margins, and
relatively thin shell.

All that is known of the exterior surface indicates that it was nearly smooth, marked only

by fine concentric strise of growth. The inner layers of the shell are beautifully marked by
fine concentric and radiating strise that give the surface a cancellated appearance. The shell

is built up of several layers or lamellae that become more oblique to the outer surface toward
the front.

Formation and locality.—Upper Cambrian: (369) Sandstone in the Elvins formation, in the eastern limits of

the town of Flat River, St. Francois County, Missouri.

Obolus lamborni (Meek).

Plate XXII, figures 2, 2a-n.

Lingulella ? lamborni Meek, 1871, Proc. Acad. Nat. Sci. Philadelphia for 1871, vol. 23, pp. 185-187, fig. 1. (Described

and discussed as a new species.)

Lingulella lamborni Meek, Keyes, 1894, Missouri Geol. Survey, vol. 5, pt. 2, pp. 38-39, PL XXXV, figs. 5a-d. (De-

scribed.)

General form broadly ovate, with the ventral valve obtusely acuminate and the dorsal

valve rather broadly oval; convexity apparently moderate, judging from specimens of the
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shells as they occur flattened out in the argillaceous shales. Surface of the shell marked by
concentric lines and striae of growth, and fine, slightly undulating stride in the interspaces, and
fine radiating striae; the interior surface of the shell was strongly pitted or punctate, especially

in the posterior half (PI. XXII, figs. 2, 2a, 2i, and 2j). The shell was relatively thin, and

formed of a thin outer layer and one or more inner layers or lamellae.

One of the larger ventral valves from Missouri has a length of 8.5 mm.; width, 7.5 mm.,
as it occurs flattened in the shale; an associated dorsal valve has a length and width of 8 mm.
The average size of the specimens from Tennessee is about 7 mm. for the ventral valve; a few

shells from Georgia are unusually large; one dorsal valve (PI. XXII, fig. 21) has a length of

15 mm., width 12 mm., in the flattened shell.

As shown in the cast the area of the ventral valve is rather long, and is divided midway

by a strong pedicle fuiTow and marked midway between the furrow and the cardinal margins

by a narrow flexure line. The strife of growth cross the area parallel with its base and extend

over the cast of the pedicle furrow; they are very fine and closely grouped together on the

flexure line and on the lateral slopes. The area of the dorsal valve is rather long and extended

well out onto the cardinal slopes ; it is marked in several specimens by unusually strong flexure

lines; the striae of growth cross it parallel to its base, curving sharply forward at the median
line. From the condition of the casts of the cardinal area it is evident that it formed in both

valves a thin shelf, the undercut extending backward far under the area much as in Lingulella

amfla (Owen) (PI. XXVIII), Lingulella acutangula (Eoemer) (PI. XVII), etc.

Casts of the interior of the ventral valve (PL XXII, fig. 2b) show in the visceral cavity (v)

traces of the heart-shaped pit (x). There are no traces of a median septum in the ventral

valve, but it is shown in the casts of a dorsal valve as a very narrow, clearly defined short

depression, extending from a point in front of the anterior lateral muscle scars back between

the central muscle scars (PI. XXII, fig. 2g).

Only the anterior lateral muscle scars are distinctly shown in the ventral valve. In one

specimen from Tennessee the trapezoidal area (c) is well preserved, but the central scars and

middle and outside laterals can not be differentiated (PI. XXII, fig. 2f).

In the dorsal valve the central muscle scars (h), the anterior laterals (j), and the trans-

medians (i) are all discernible. The anterior laterals are small and situated near the center of

the shell, the centrals occurring some distance back and near the median septum, somewhat
as in Lingulella ampla (Owen) (PI. XXVIII). Portions of the markings left on the interior of

the shell by the vascular system are shown on a cast of the interior. The main or trunk

sinuses are best shown in the ventral valve in specimens represented in Plate XXII, figures 2,

2a, 2b, and for the dorsal valve in figure 2i. The parietal scar (ps) is distinctly shown in

front of the visceral area of the ventral valve (PI. XXII, figs. 2 and 2b) and the dorsal valve

(figs. 2g and 2h) ; in both valves it extends out to the main sinuses (PI. XXII, figs. 2 and 2h),

but it is not observed beyond them.

Observations.—This fine species is well characterized by the strongly pitted inner surface

and the elongate visceral area of the dorsal valve. The specimens from the type locality at

Mine Lamotte are usually more or less broken and crushed, but a few in the United States

National Museum show the form and outline and, more rarely, traces of the interior visceral

and muscle scar markings. The material from Tennessee is much more abundant and some-

what better preserved; a marked variation is shown in the size and number of the interior

pits or punctae, and a considerable range in the outline of the valves; the latter is mainly to

be attributed to distortion as the result of compression and a slight movement in the shale.

Most of the specimens from Tennessee are about the same size as those from Missouri, but a

number of larger shells were found about 50 feet lower in the section which are nearly double

the average size of the specimens from Missouri and Tennessee. I am not able to discover

any other differences that lead to considering them as a distinct species. The specimens are

flattened in the shale, which gives rise to more or less distortion. The most nearly related

species is Oholus loillisi (Walcott) (PL XXIII) of the Middle Cambrian of Tennessee. The latter

differs in being shorter in proportion to its width, in the nearly transverse, obtuse posterior
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margin of the dorsal valve, and in the position of the central muscle scars. Specimens from the

limestone just above the shales at Mine Lamotte are moderately convex and more elongate

than those compressed in the shale. Some shells suggest the outline of Lingulella acutangula

(PL XVII).

Formation and locality.—Upper Camlbrian: (7d) Shales in second cliff 0.125 mile (0.2 km.) west of Peak,

3 miles (4.8 km.) south of Clinton, Briceville quadrangle (U. S. Geol. Survey), Anderson County; and (122a) shale

at the headwaters of Forgey Creek, northwestern part of the Greeneville quadrangle (U. S. Geol. Survey), Hawkins
County; both in Tennessee.

Middle Cambrian: {ll])a Shale and limestone in the basal part of the Bonneteire limestone, Mine Lamotte, Madison

County; (369f) limestone at Fredericktown, Madison County; (11m) drill cores of limestone at horizons 10 and 20

feet (3 and 6 m.) above the Lamotte sandstone, 'St. Francois County; and (369h) shale at Mine Lamotte, Madison

County; all in Missouri.

(331) Rogersville shale 1 mile (1.6 km.) south of Fletcher, Greene County, Virginia.

(102) Rogersville shale just south of road, one-half mile (0.8 km.) southwest of Rogersville on the road to Melinda

Ferry [Keith, 1896a, areal geology sheet]; (103) second shale south of the ridge of sandstone in the Rome formation

("Town Knobs"), on the road from Rogersville to Dodson Ford, near the line between the Morristown and Greene-

ville quadrangles (U. S. Geol. Survey); (121) Rogersville shale, road just east of Harlan Knob, 4 miles (6.4 km.)

northeast of Rogersville [Keith, 1905, areal geology sheet]; (101b) Rogersville shale, just east of the schoolhouse, 3.5

miles (5.6 km.) southwest of Rogersville on the road to Melinda Ferry [Keith, 1896a, areal geology sheet]; and (124a)

shales (Nolichucky?) overlying the limestone which rests on the Rogersville shale, on Big Creek, southeast of Harlan

Knob, 4 miles (6.4 km.) northeast of Rogersville [Keith, 1905, p. 4, and areal geology sheet]; all in Hawkins County,

Tennessee.

(140a) Shales 200 yards (182.9 m.) east of Thomas Mills, 5 miles (8 km.) north of Cave Spring [Hayes, 1902, his-

torical geology sheet], Floyd County, Georgia.

Obolus lamborni minimus (Walcott).

Plate XXV, figures 4, 4a-b.

Obolus {Lingulella) lamborni minimus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 407. (Discussed as below as

a new variety.)

This variety in its ventral valve closely resembles tlie adult form of the ventral valve of

Obolus lamborni (Meek). The dorsal valve also has the same general form as most of the dorsal

valves of the species. In comparing, however, the young specimens of the same size with the

variety minimus the ventral valves appear to be more obtuse in the young of 0. lamborni.

Formation and locality.—Middle Cambrian : (101 and 101a) b Rogersville shale, just above the road in the hill

west of the schoolhouse, 3.5 miles {5.6 km.) southwest of Rogersville on the road to Melinda Ferry [Keith, 1896a, areal

geology sheet\ Hawkins County; (103a) upper part of the second shale south of the ridge of sandstone in the Rome
formation ("Town Knobs"), on the road from Rogersville to Dodson Ford, near the line between the Morristown and
Greeneville quadrangles (U. S. Geol. Survey), Hawkins County; (124) shales (Nolichucky?) overlying limestone

which rests on Rogersville shale, on Big Creek, southeast of Harlan Knob, 4 miles (6.4 km.) northeast of Rogersville

[Keith, 1905, p. 4, and areal geology sheet], Hawkins County; and (118) shales on the Tazewell road, 2 miles (3.2 km.)
north of Knoxville, Knox County; all in Tennessee.

Obolus loperi Walcott.

^
Plate IX, figures 4, 4a.

Obolus loperi Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 389-390. (Described and discussed as below as a

new species.)

General form subsemicircular, with the ventral valve subacuminate and the dorsal valve

broad ovate to circular in outline. Some of the shells are more elongate than in what is consid-

ered to be the typical form. This type of variation is also observed in 0. matinalis (Hall)

(PL VIII) and other species of the genus. Valves moderately convex as they occur in the

sandstone. Surface of the shell marked by concentric lines and fine striae of growth and very
narrow radiating undulations that are more or less interrupted by the concentric lines of growth.

o Locality llj is given as the type locality, though the type specimens were collected from the Mine Lamotte locality long before the

collection to which this number was assigned. The two localities are believed to be the same.
*» 101a is the type locality.
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When the outer layer of the shell is exfoliated, the inner layers are seen to be marked by

numerous fine, rounded, radiating striae in addition to the concentric lines of growth; exceedingly

fine, irregular, interrupted strias give it in places a pitted appearance, while in a different light

it appears to be granulated, a feature of the surface that seems to be present on all of the inner

lamellse ; sometimes the impression given is that the shell is minutely punctate.

The markings of the interior, so far as known, are rounded radiating striae. The shell is

rather thick and built up of a thin outer layer and several inner layers or lamellae that in the

anterior portions of the shell are rounded obliquely to the outer surface.

The largest shell in the collection is a somewhat imperfect dorsal valve 8 mm. in length.

A smaller valve, 6 mm. in length, has the same width. A ventral valve 6 mm. in length has the

portion about the beak broken away and is a little longer than wide.

The only trace of the interior of the valves is a partial cast of the dorsal valve. This shows

that the anterior lateral muscle scars were situated on the anterior portion of the valve about

one-third the length of the shell from the anterior margin.

Observations.—This species I'esembles in many respects 0. matinalis (Hall), especially the

Texan form referred to that species. The material is poorly preserved, but it appears to be

clearly distinct from any described species. Its surface characters are like those of Oholus

prindlei (Walcott) (PI. XXVII).

The species is named in recognition of the difficult and persevering work of Mr. S. Ward
Loper, curator of the museum of Middlebury College, who made a large collection of fossils

under the most adverse circumstances in the mountains of Colorado.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (335a) Reddish

sandstone on Cement Creek, 3 miles (4.8 km.) north of Hot Springs and 8 to 10 miles (12.8-16 km.) southeast of Crested

Butte, Ouray County, Colorado.

Obolus mcconnelli (Walcott).

Plate XXIII, figures 3, 3a (not 3b-d).a

Lingulella mcconnelli Walcott, 1889, Proc. U. S. Nat. Mus., vol. 11, p. 441. (Described as a new species.)

Lingulella macconnelli Walcott, Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 108. (Original

description copied and species discussed.)

Oholus mcconnelli Walcott (in part), 1908, Canadian Alpine Journal, vol. 1, No. 2, p. 244, PI. I, fig. 2 (not fig. 2a, referred

in this monograph to Oholus septalis). (No text reference. Fig. 2 is copied in this monograph, PI. XXIII,

fig. 3a.)

General form elongate ovate with the ventral valve subacuminate and rather broadly

rounded in front and obtusely rounded posteriorly. Wlaen the dorsal valve is crushed and

flattened in the shale it is broadly ovate. As far as can be determined from the somewhat

compressed shells the valves were moderately convex. Surface of the shell marked by concen-

tric lines of growth and fine, irregular striae that are more or less transverse and apparently

imbricating, giving a surface a little suggestive of Obolus (Westonia) aurora (Hall) . Wlien the

outer layer is exfoliated the surface of the inner layer is marked by concentric and radiating

striae. The interior surface is marked by rather strong radiating striae and scattered punctse.

The shell is thick for one of its size. It is formed of a thin outer layer, several thin inner

layers, and numerous lamellae in the anterior half of the valves. The only interior vascular

markings seen are those of the visceral cavity and main vascular sinuses of the ventral valve.

Observations.—Since the original description [Walcott, 1889c, p. 441] was written a few

specimens have been secured that add a little to the data for the description of the species.

The broad subtrigonal form represented in Plate XXIII, figure 3 a, occurs on the same slab

of shaly limestone with the more elongate shell represented in figure 3. The latter is com-

pressed laterally, which makes it appear more elongate and also strengthens the radiating striae.

A small shell from Big Cottonwood Canyon, southeast of Salt Lake City, Utah, provisionally

referred to Lingulella helena (Walcott) (PI. XXIV, fig. 3d), may prove to belong to this species.

a Figures 3b and 3c represent specimens of Obolus mcconnelli pelias. Figure 3d represents a specimen ol Obolus septalis.
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At most localities this species occurs within 200 feet of the base of the Middle Cambrian.
In the House Range section of Millard County, Utah, however, it has been found at about 1,500

feet above the Middle Cambrian, and at other localities a very closely allied form, which was
'originally described as a species, "Oiolus (Lingulella) pelias" [Walcott, 1905a, p. '330], occurs

in the middle portion of the Middle Cambrian and extends into the Upper Cambrian. This I

have now designated as the variety pelias. Another variety, decipiens, occurs in the Upper
Cambrian.

The variety pelias, as a whole, is slightly narrower in the dorsal valve and somewhat more
obtuse in the ventral valve. The variety decipiens is still shorter and broader in proportion as

compared with the typical Oholus mcconnelli.

This is one of the most persistent forms in the Middle Cambrian section of the Cordilleran

region, ranging, as it does, with its two varieties, from near the base of the Middle Cambrian
well up into the Upper Cambrian or through 4,500 feet of limestone. It also has a wide geo-

graphic distribution in the Cordilleran region, extending from British Columbia to southeastern

California.

Formation AND LOCALITY.—Middle Cambrian: (14s) About 2,300 feet {701 m.) above the Lower Cambrian and 2,700

feet (823 m.) below the Upper Cambrian, in the Ogygopsis zone of the Stephenformation [Walcott, 1908f, p. 210], at the great

"fossil bed" on the northwest slope of Mount Stephen, above Field, on the Canadian Pacific Railway; (57f) about 2,200 feet

(670.6 m.) above the Lower Cambrian and 2,800 feet (853.4 m.) below the Upper Cambrian, in the limestones forming 1

of the Stephen formation [Walcott, 1908f, p. 209], about 0.5 mile (0.8 km.) east of the " fossil bed " on the northwest slope

of Mount Stephen, above Field, on the Canadian Pacific Railway; (58j) about 1,900 feet (579 m.) above the Lower
Cambrian and 3,100 feet (945 m.) below the Upper Cambrian, near the base of the limestone forming 2 of the Stephen
formation [Walcott, 1908c, p. 238 (7)], on the east side of Mount Stephen about 3,000 feet (914 m.) above the Cana-
dian Pacific Railway track 3 miles (4.8 km.) east of Field; and (58r) about 1,800 feet (548.6 m.) above the Lower
Cambrian and 3,200 feet (975.4 m.) below the Upper Cambrian, in the limestones forming 2 of the Stephen formation

[Walcott, 1908f, p. 211], in the amphitheater between Mounts Stephen and Dennis, above Field on the Canadian
Pacific Railway; all in British Columbia, Canada.

(35g)a About 4,100 feet (1,250 m.) above the Lower Cambrian and 860 feet (262 m.) below the Upper Cambrian in

the shaly limestones in 2 of the Eldon limestone [Walcott, 1908f, p. 209 ("Lingulella sp.")], at the north end of the

amphitheater northwest of the main ridge of Mount Bosworth; and (57o and 67k) about 2,500 feet (762 m.) above the
Lower Cambrian and 2,475 feet (754 m.) below the Upper Cambrian in the limestone forming 1 of the Stephen formation

[Walcott, 1908f, p. 209], on Mount Bosworth; both north of the Canadian Pacific Railway between Hector and Stephen,
on the Continental Divide between British Columbia and Alberta, Canada.

(581 and 58w) About 1,225 and 1,300 feet (373 and 396 m.), respectively, above the Lower Cambrian in the shales of

the Stephen formation [Walcott, 1908a, p. 3], northeast slope of Castle Mountain facing the amphitheater, north of the
Canadian Pacific Railway, Alberta.

(3j) Above the quartzitic sandstones in a shale corresponding in position to the upper part of shale No. 6 of the

Dearborn River section [Walcott,. 1908f, p. 202], about 6 miles (9.6 km.) west-northwest of Scapegoat Mountain on the
Continental Divide between Bar Creek and the headwaters of the south fork of North Fork of Sun River, Coopers Lake
quadrangle (U. S. Geol. Survey), Powell County, Montana.

(31c) About 900 feet (274.3 m.) above the Brigham quartzite and 3,300 feet (1,005.8 m.) below the Upper Cambrian,
in the limestone forming lb of the Ute limestone [Walcott, 1908f, p. 196]; and (54p) about 525 feet (160 m.) above the
Brigham quartzite and 3,665 feet (1,127.1 m.) below the Upper Cambrian in the shales forming 2f of the Ute limestone
[Walcott, 1908t, p. 197]; both in Blacksmith Fork Canyon about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

(34n) Shales about 100 feet (30.5 m.) above the Tintic quartzite [G. 0. Smith, 1900, p. 1], near the summit of the
ridge between Mammoth and Eureka; and (34s) about 1,700 feet (518 m.) above the Tintic quartzite in the Mammoth
limestone of G. O. Smith [1900, p. 1, and historical geology sheet], in the saddle above and a little east of the Centennial
Eureka mine, near the summit of the ridge between Mammoth and Eureka; both in the Tintic special quadrangle
(U. S. Geol. Survey), Juab County, Utah.

(30p) About 125 feet (38 m.) above the Cambrian quartzitic sandstones, on the north side of Ogden Canyon, about
1 mile (1.6 km.) above its mouth, east of Ogden, Weber County; and (Sly) thin-bedded limestone about 125 feet

(38 m.) above the Cambrian quartzitic sandstones in the Wasatch Mountains, 1 mile (1.6 km.) northwest of Geneva
(Copenhagen), east of Brigham, Boxelder County; both in Utah.

(lOy) About 2,900 feet (884 m.) above the Lower Cambrian and 1,500 feet (457.2 m.) below the Upper Cambrian in

the central part of the limestone forming la of the Marjum limestone [Walcott, 19081, p. 179], about 1 mile (1.6 km.)
south-southwest of Marjum Pass; and (14v) shales of unknown stratigraphic horizon collected 1 mile (1.6 km.) south of

Rainbow Valley; both in the House Range [Walcott, 1908f, PI. XIII], Millard County, Utah.
(8m) Limestone near the south end of the high ridge 4 miles (6.4 km.) northeast of Osceola; and (lOw) shaly lime-

stones about 5 miles (8 km.) northeast of Osceola, on the east side of the Snake Range; both in White Pine County,
Nevada.

a This species is somewliat doubtfully identified from this locality.
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(14n) Limestone about 310 feet (94.5 m.) above the Lower Cambrian on the east side of the pass about 7 miles

(11.2 km.) east of Resting (Freshwater) Springs, which is in the southwest corner of T. 21 N., R. 8 E., on Amargosa '

River, in the southeastern part of Inyo County, California.

Middle? Cambrian: (32k) Limestones about 1,550 feet (472.4 m.) above the top of the quartzitic sandstones 2 miles

(3.2 km.) southeast of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele County,Utah.

Obolus mcconnelli decipiens n. var.

Plate XXIII, figures 4, 4a-b.

A form that appears to be a broad variety of Obolus mcconnelli (Walcott) occurs abun-

dantly in the arenaceous shales and interbedded limestone of the Upper Cambrian of the Silver

Peak Range, Esmeralda County, Nevada. Most of tlie material is badly preserved, and some

of the specimens afford fine illustrations of distortion of outline by compression. The variety

differs frona the species in being uniformly broader and also in having more strongly marked
concentric strise. It differs from the variety pelias in being of an average greater propor-

tional width.

Formation and LOCALiTy.—TTpper Cambrian: Emigrant formation [Turner, 1902, p. 265] at the following locali-

ties: (7v) shales 4.25 miles {6.S km.) south-southeast of Emigrant Peak; (7x) limestone about 2.5 miles (4 km.) south-

east of Emigrant Pass; and (8r) shales about 8 miles (12.8 km.) southeast of Emigrant Peak; all in the Silver Peak

quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

Middle Cambrian: (7r) Calcareous shales 4 miles (6.4 km.) south-southeast of Emigrant Peak, Silver Peak quad-

rangle (U. S. Geol. Survey), Esmeralda County; and (8m) hmestone near the south end of the high ridge 4 miles

(6.4 km.) northeast of Osceola, White Pine County; both in Nevada.

(14n) Limestone about 310 feet (94.5 m.) above the Lower Cambrian on the east side of the pass about 7 miles

(11.2 km.) east of Resting (Freshwater) Springs, which is in the southwest comer of T. 21 N., R. 8 E., on Amargosa

River, in the southeastern part of Inyo County, California.

^ Obolus mcconnelli pelias (Walcott).

Plate XXIII, figures 3b, 3c; Plate XXXIX, figures 5, 5a-c.

Obolus [Lingulella) pelias Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 330-331. (Described and discussed as

a new species.)

This form was originally described [Walcott, 1905a, pp. 330-331] as a distinct species,

but, with the large collections obtained in 1906 from various horizons of the Middle Cambrian,

it is found to have close relations to Oholus mcconnelli of the lower portion of the Middle Cam-
brian. It ranges from about the central portion of the IMiddle Cambrian up into the Ordovician.

The variety differs from 0. mcconnelli in being proportionally shorter and broader, and

from the variety decipiens, of the Upper Cambrian, in being, on the average, slightly narrower.

The outer surface of the shell is marked by clearly defined concentric lines that are slightly

irregular, and narrow, fine, radiating undulations or costse toward the frontal margins. When
unusually well preserved, the surface also shows very fine, irregular, concentric strise between

the concentric lines. The inner lamellas of the shell are marked by fine radiating striae and

the inner surface by more or less numerous punctse. For its size the shell may be considered

as relatively thin.

Formation and locality.—Upper Cambrian : (54r) Drift pieces of limestone from the west slope of the Wasatch

Range; and (34q) shales about 3,800 feet (1,158.2 m.) above the Brigham quartzite [Walcott, 1908a, p. 8], in Wasatch

Canyon; both east of the Lakeview Ranch, about 5 miles (8 km.) north of Brigham, Boxelder County, Utah.

(32g) About 2,575 feet (784.9 m.) above the Cambrian quartzitic sandstones in a blue limestone about 2 miles

(3.2 km.) southeast of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele County;

(33d) thin-bedded blue limestone at the base of the first high point southwest of the J. J. Thomas ranch, on the east

side of the Fish Spring Range, Juab County; and (30j) about 950 feet (289.6 m.) above the Middle Cambrian and

2,450 feet (746.8 m.) below the top of the Upper Cambrian near the base of the arenaceous shales and limestones form-

ing le of the Orr formation [Walcott, 1908f, p. 176], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House
Range [Walcott, 1908f, PI. XIII], Millard County; all in Utah.

(7s) Shale of the Emigrant formation [Turner, 1902, p. 265], 4 miles (6.4 km.) south-southeast of Emigrant Peak,

Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.
Middle Cambrian: (8j) About 575 feet (175.3 m.) above the unconformable base of the Cambrian in a shale which

corresponds in position to shale No. 4 of the Dearborn River section [Walcott, 1908f, p. 202], on the ridge between
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Gordon and Youngs creeks, about halfway between Gordon Mountain and Cardinal Peak, Oyando quadrangle (U. S.

Geol. Survey), Powell County, Montana.

(15p) Limestones near the north end of the Fish Spring Range, Tooele County; and (15x) limestones near the

middle of the Fish Spring Range, near the hue between Juab and Tooele counties; both in Utah.

(lln) About 3,000 feet (914.4 m.) above the Lower Cambrian and 1,400 feet (426.7 m.) below the Upper Cambrian

in the upper part of the limestone forming la of the Marjum hmestone [Walcott, 19081, p. 179], in the long cliff 2 miles

(3.2 km.) southeast of Marjum Pass; (llo) about 2,750 feet (838.2 m.) above the Lower Cambrian and 1,650 feet (502.9

m.) below the Upper Cambrian, at the base of the limestone forming la of the Marjum limestone [Walcott, 1908f,

p. 179], about 4 miles (6.4 km.) southeast of Antelope Springs in the spur at the junction of the Deseret and Swasey

Spring roads; (llq and 30g) "• about 2,350 feet {716.3 m.) above the Lower Cambrian and 2,050 feet (624-S m.) below

the Upper Cambrian in the limestone forTning le of the Marjum limestone [Walcott, 1908f, p. ISO], ridge east of Wheeler

Amphitheater; (3x and 3y) about 2,200 feet (670.6 m.) above the Lower Cambrian and 2,200 feet (670.6 m.) below

the Upper Cambrian in the limestones forming Id of the Marjum limestone [W'^alcott, 1908f, p. 180], ridge east of

Wheeler Amphitheater; (3s and 8g) about 1,700 feet (518.2 m.) above the Lower Cambrian and 2,700 feet (823 m.)

below the Upper Cambrian in the shaly limestones and calcareous shales of the Wheeler formation [Walcott, 1908f,

p. 181], in the eastern part of ^'^^leele^ Amphitheater east of Antelope Springs; (8i) shales believed to be referable

to the lower portion of the Marjum limestone [Walcott, 1908f, p. 180], found about 0.5 mile (0.8 km.) east of Antelope

Springs; and (8k) shales 0.5 mile (0.8 km.) northwest of Tyler Springs, east slope of House Range east of Antelope Springs;

all in the House Range [Walcott, 19081, Pis. XIII and XV], Millard County, Utah.

(541i) About 3,140 feet (957.1 m.) above the Brigham quartzite and 1,050 feet (320 m.) below the Upper Cam-
brian in the Hmestones forming la of the Bloomington formation [Walcott, 19081, p. 194], in Blacksmith Fork Canyon,

about 9 miles (14.4 km.) east of Hyrum, Cache County, Utah.

Middle? Cambrian: (34v) Limestone about 1,750 feet (533 m.) above the Cambrian quartzitic sandstones about

2 miles (3.2 km.) southeast of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele

County, Utah.

Obolus MjERA (Hall and Whitfield).
ly

Plate X, figures 2, 2a-e.

Lingulepis mxra Hall and Whitfield, 1877, U. S. Geol. Expl. 40th Par., vol. 4, p. 206, PI. I,- figs. 5-7. (Described

and discussed as a new species. The specimens represented by figs. 6 and 5 are redrawn in this monograph,

PI. X, figs. 2a and 2b, respectively.)

Lingulepis mxra Hall and AVhitfield, Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 12-13. (New localities

mentioned.)

Lingulella f mxra (Hall and Whitfield), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1,

p. 61. (Suggests change in generic reference.)

Lingulella^ mxra (Hall and Whitfield), Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 404. (Merely changes

generic reference.)

Obolus (Lingulella) mxra (Hall and Whitfield), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 443. (Merely

changes generic reference.)

General form round ovate, wdth the ventral valve broadty subacummate and the dorsal

valve obtusely rounded; valves rather strongly convex, the convexity increasing gradually from
the margins to the umbonal portion of the shell, where it is greatest. Surface marked by con-

centric lines and fine striae of growth and very fiiie indistinct radiating striae that can be seen

only with a strong glass in a refiected light. When the outer layer of the shell is exfoliated the

surface is marked by numerous radiatmg striae, becommg coarser toward the front, where they
outline narrow, slightly raised ribs ; this latter feature varies from simple radiating striae to the

appearance of narrow ribs; the ulterior surface has not been seen. The shell is formed of a

rather thin outer layer and numerous inner layers, which make a strong, thick shell; the inner

lamellae over the anterior portions of the shell are oblique to the outer layer and when the shell

is partly exfoliated appear as imbricating layers. A small A^entral valve 10 mm. in length

has a width of 8 mm. A larger associated dorsal valve has a length of 11 mm., width of 10 mm.
The only portion of the interior of the shell thus far discovered is an imperfect cast of a

portion of the area of a ventral valve (PI. X, fig. 2).

Observations.—This species is most nearly related to 0. matinalis (Hall) (PL VIII). It

differs from that in being somewhat more elongate, although some examples vary but little from
0. Tnatinalis. The fact that it occurs in the Upper Cambrian near the base of the Ordovician

has more influence in leaving it as a distinct species than any differences which have been thus

far observed.

a llq Is the type locality.



400 CAMBRIAN BRACHIOPODA.

The species is quite widely distributed. The type came from the thin-bedded limestones

in the Dunderberg shale, at the summit of the Cambrian in the Eureka district, Nevada. T. W.
Stanton found what appears to be the same species in sandy shales and sandstones at Glenwood

Springs, Colorado. A partly exfohated, somewhat distorted ventral ( ?) valve from an Upper

Cambrian limestone one mile south-southwest of Highgate Falls, Vermont, appears to be

identical with 0. msera.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (205) Siliceous

limestone on Roundtop Mountain, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Upper Cambrian: (313j [Hall and Whitfield, 1877, pp. 205 and 206]) Limestone in the Eureka district; and (61) lime-

stones in the Dunderberg shale [Walcott, 1908f, p. 184], a little south of the Hamburg mine; both in the Eureka

district [Hague, 1892, Atlas], Em-eka County, Nevada.

(360h) Sandy shales about 200 feet (61 m.) above the base of the section at Glenwood Springs; and (360i) Sand-

stone about 100 feet (30.5 m.) above the base of the section at Glenwood Springs; both in Garfield County, Colorado.

Middle Cambrian : (58) shaly limestones in upper beds of Secret Canyon shale, east side of New York and Secret

canyons. Eureka County, Nevada.

A specimen that is somewhat doubtfully referred to Obolus msera occurs at the following

locality

:

Upper Cambrian: (319c[) Limestone 1 mile (1.6 km.) south-southwest of Highgate Falls, Franklin County,

Vermont.

Obolus matinalis (Hall)

.

Plate VIII, figures 1, la-k.

Orbicula prima Owen, 1852, Rept. Geol. Survey Wisconsin, Iowa, and Minnesota, p. 583, PI. I b, figs. 13 and 16-19.

(Described as a new species.)

Lingulepis pinnaformis Hall (in part) [not (Owen)], 1863, Sixteenth Ann. Rept. New York State Cab. Nat. Hist., pp.

129-130, PI. VI, figs. 12 and 13 (not figs. 14-16, referred to Lingulella (Lingulepis) acuminata). (The specimens

represented by figs. 12, 13, and 15 are referred with doubt to "Lingulepis pinnaformis" and the name matinalis

is proposed for them on p. 130 in the event of their proving distinct. The specimen represented by fig. 15 is a

dorsal valve of the true
'

' Lingulepis pinnaformis "^Lingulella (Lingulepis) acuminata. See following reference.)

Lingulepis matinalis Hall, 1863, idem, p. 130, PI. VI, figs. 12 and 13 (not fig. 15, referred to Lingulella (Lingulepis)

acuminata). (The specific name matinalis is proposed for the forms represented by figs. 12, 13, and 15 should

they prove distinct from those represented by figs. 14 and 16. See preceding reference.)

Lingulepis pinnaformis Hall (in part) [not (Owen)], 1867, Trans. Albany Inst., vol. 5, p. 107, PI. I, figs. 12 and 13 (not

figs. 14-16). (Copy of Hall, 1863, pp. 129-130, PI. VI, figs. 12 and 13; see note following citation above.)

Lingulepis matinalis Hall, 1867, idem, p. 107, PL I, figs. 12 and 13 (not fig. 15). (Copy of Hall, 1863, PL VI, figs. 12

and 13; see note following citation above.)

Lingulella f matinalis (Hall), Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 404. (Merely changes generic reference.)

Obolus (Lingulella) matinalis (Hall), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 443. (Merely changes

generic reference.)

General form rounded ovate, with the ventral valve broadly subacuminate and the dorsdl

valve obtusely rounded; valves rather strongly convex, convexity increasing gradually from

the margins to the central portion of the shell. Surface of the shell marked by concentric

lines and striae of growth and faint interrupted radiating strise; the finer concentric striae fill

in the interspaces between the lines of growth. Wlien the outer layer of the shell is exfoliated,

the surface is marked by numerous fine, radiating stri^ (PI. VIII, fig. la), and with more or less

obsciu-e concentric lines of growth; the radiating striae are particularly strong over the anterior

portion of the inner oblique layers or lamellae of the shell. As far as can be determined from the

casts of the inner surface it was marked by concentric lines of growth and strong, radiating,

flattened striae (PL VIII, fig. le). The shell is formed of a thin outer layer and numerous

inner layers or lamellae over the anterior and outer portions ; these inner lamellae over the anterior

portions of the shell are oblique to the outer layer, and when the shell is partly exfoliated they

appear as imbricating laj^ers, as shown by Plate VIII, figure Ic; the layers of lamellae over the

umbo and central portions are strong and give a considerable thickness to the shell. The

species vary somewhat in size and in the outline of the valves, as may be seen by comparing

the various figures. A ventral valve 11 mm. in length has a width of 11.5 mm. ; another ventral
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valve 11.5 mm. in length has a width of 11 mm. A dorsal valve 9 mm. in length has a width

of 9 mm.; another dorsal valve 11 mm. in length has a width of 12 mm.
Casts of the interior of the ventral valve show a very clearly defined area of medium length

(PI. VIII, fig. Id) ; it is divided midway by the cast of a strong pedicle groove and about half-

way between the groove and the lateral margin by a distinct flexure line ; striae of growth cross

the area parallel with its front margin, being flexed on the flexure line and arching over the cast

of the pedicle groove. None of the casts show whether the area formed a shelf between the

pedicle groove and the lateral margins, as in most species of the genus Lingulella. The area of

the dorsal valve is short and relatively narrow, extending about halfway out on the cardinal slopes.

The cast of the visceral cavity of the ventral valve is well shown by several specimens

(PI. VIII, figs. Id and le). It resembles that of Oiolus apoUinis quenstedti (Mickwitz) in having

the anterior margins extending almost directly outward from the center toward the impressions

of the main vascular sinuses. There are no traces of a median septum in the ventral valve; in

the dorsal valve it is shown in the cast as a very narrow depression and between and a little for-

ward of the central muscle scars (PL VIII, fig. 111). The thickening of the shell at the anterior

margin of the visceral cavity of the ventral valve is quite marked, as shown in Plate VIII,

figure If.

The muscle scars are well shown in one specimen of the ventral valve (PI. VIII, fig. If).

The central (h), middle (k), and outside lateral (1) scars occur, but usually the scars can not be

differentiated. The anterior lateral (j) and transmedian (i) scars are also quite distinctly

' shown. In the dorsal valve (PI. VIII, fig. Ih) the central (h) and anterior lateral (j) scars are

clearly defined, also the transmedian (i) scars. Of the markings left on the shell by the vascular

system the main vascular sinuses are, usually well shown in the casts, and in one specimen of the

ventral valve both the inner and lateral branches are finely outlined (PI. VIII, fig. Id).

The parietal scar (ps) is nearly transverse in front of the visceral area of the ventral valve;

it arches forward at the center and curves a little backward toward the main vasciilar sinuses.

Its course outside of the latter is partly shown by Plate VlII, figure Id. In the dorsal valve its

course may be followed from the median line in front of the anterior lateral scars to the outward

cm-ve of the trunk sinuses, beyond which it can not be traced with any degree of certainty.

Ohservations.—This species has not heretofore been well described or illustrated. Hall

[1863, p. 130] noticed that there were certain ovate shells associated with "Lingulepis pinna-

formis" which had a smooth, glossy surface, with fine concentric striae, and that when the outer

surface was removed it was very distinctly striated by fine, somewhat bifurcating striae. In

accordance with the system in vogue at that time he proposed, in event of the form proving

to be a distinct species, to have it called Lingulepis matinalis. A smaller shell occm's in asso-

ciation with Dicellomus politus (Hall) at Eau Claire, Wisconsin, that appears to be identical

with 0. matinalis. It differs in having smaller central muscle scars in the dorsal valve, but, as

the variation in form and size of the muscle scars is often considerable in shells of the same
species, this is not considered sufficient for specific differentiation.

The Texas shells from Packsaddle Mountain (PI. VIII, figs. 1 l-o) are smaller than the

typical Wisconsin forms, and are identified with Obolus tetonensis ninus (PI. XI, figs. 1, la-g).

The specimens represented in Plate VIII, figures lb, le, and Ih, are larger and more readily

identified with the species. A single ventral valve from the Bighorn Mountains is similar in

form to ventral valves from Texas. At La Crosse, Wisconsin, the shells are smaller and occin'

about 200 feet below the base of the arenaceous limestone of the Ordovician.

Tliis species appears to be distinct from any described form. It approaches most nearly

to 0. msera (Hall and Whitfield), differing from the latter in being slightly less elongate.

Formation and locality. «

—

Lower Ordovician: (360a) Red siliceous limestone on west side of Trout Creek below

Bergen Park, 7 miles (11.2 km.) north-northwest of Manitou, El Paso County, Colorado.

Upper Cambrian: (302d) Limestone 200 yards (183 m.) north of the southwest corner of sec. 18, T. 28 N., R. 113 W.,

Uinta County, Wyoming.

1 Owen [1852, p. 583] gives the type locality as "tails of the St. Croix, Minnesota;" this might be compared with our localities 328h, 82s,.

and 328e, all in Wisconsin.

62667°—VOL 51, pt 1—12 26
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(88b) "St. Croix sandstone' ' along the railroad track near Taylors Falls, Chisago County; (339d) "St. Croix sand-

stone' ' at Taylors Falls, Chisago County; (339f) "St. Croix sandstone" near Minneiska (Miniska) on Mississippi Kiver

near the line between Wabasha and Winona counties; (97b) "St. Croix sandstone" below the gi-een-sand bed and

25 feet (7.6 m.) above St. Croix River at Franconia, Chisago County; and (3391l [Hall, 1863, p. 130]) "St. Croix sand-

stone" at the mouth of Minneiska (Miniska) River, near the line between Wabasha and Winona counties; all in

Minnesota.

(328h) Silico-calcareous layers of Fib of Owen [1852, p. 583], at the falls of St. Croix River, Polk County; (100)

"St. Croix sandstone" near Menomonie, Dunn County; (134) "St, Croix sandstone" in the lowest beds exposed along the

banks of Red Cedar River, opposite Menomonie, Dunn County; (82a) "St. Croix sandstone" 25 feet (7.6 m.) above

the water level near the Knapp, Stout and Company 's buildings, Menomonie, Dunn County
;
(82s) " St. Croix sandstone'

'

on the bank of St. Croix River at St. Croix Falls, Polk County; (79, 79', and 79b) "St. Croix sandstone'' near Hudson,

St. Croix County; (83) "St. Croix sandstone" near Ti'empealeau, Trempealeau County; (78d) upper portion of "St.

Croix sandstone" exposed in the bluffs at La Crosse, La Crosse County; and (98 and 98x) "St. Croix sandstone"

near Eau Clane, Eau Claire County; all in Wisconsin.

(9t) About 170 feet (52 m.) above the porphyry contact in the limestones of the Reagan sandstone, SE. J NE. J

sec. 2, T. 4 N., R. 13 W., 15 miles (24.2 km.) northwest of Fort Sill, Comanche County, Oklahoma.

(14e) Limestone in Bartlett Hollow, 2 miles (3.2 km.) southeast of the mouth of Falls Creek, Burnet quadrangle

(U. S. Geol. Sui-vey), Lampasas County; (68 and 68z) limestone on Packsaddle Mountain, Llano County; (14b) lime-

stone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2 km.) south of the

San Saba County line, in Llano County; (14c) upper part of the limestone exposed at Baldwin's ranch, on Cold Creek,

2.5 miles (4 km.) south of the San Saba County line, in Llano County; (67, 67c, and 67z) sandstone on Tatur Hill, 7

miles (11.2 km.) northwest of Burnet, Burnet County; (14q) sandstone in Bartlett Hollow, 1.5 miles (2.4 km.) south-

east of the mouth of Falls Creek, Burnet quadrangle (U. S. Geol. Survey), Lampasas County; (14r) lower 50 feet of

sandstone on Colorado River, 3 miles (4.8 km.) south of the northeast corner of Llano County; and (71) limestone in

Cold Creek Canyon, Burnet County; all in Texas.

(92b) On Buffalo Creek, 2 miles (3.2 km.) southeast of Buffalo Mills, Rockbridge County, Virginia.

Middle Cambrian: (302) Limestone east of West Gallatin (Gallatin) River, above Gallatin, Gallatin County,

Montana.

(170) Sandstone about 10 miles (16.1 km.) south-southeast of Bald Mountain, Bighorn Mountains, Wyoming.

(56f) Nounan limestone [Walcott, 1908a, p. 6], on a ridge north of the creek which flows into Mill Canyon from

the west, about 5 miles (8 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County,

Idaho.

(3e) Thin-bedded limestone less than 400 feet (121.9 m.) above the quartzitic sandstones of the Cambria:n, at Ophir,

Oquin-h Range, Tooele County, Utah.

(328e) "St. Croix sandstone" at St. Croix Falls, Polk County; and (83*) St. Croix sandstone at Trempealeau,

Trempealeau County; both in Wisconsin.

Specimens somewhat doubtfully referred to Oholus matinalis occur at the following localities

:

Upper Cambrian : (lid) Arenaceous limestone about 2 miles (3.2 km.) north of Montana, in sec. 22, T. 35 N., R. 1 E.,

Iron County, Missouri.

Middle Cambrian: (319s) "St. Albans formation" at St. Albans, Franklin County, Vermont,

(lie) Thin-bedded limestones south-southwest of Potosi, Washington County, Missouri.

Obolus matinalis (Hall) ?

Plate VllI, figures 3, 3a.

(For synonymy of Obolus matinalis, see page 400.)

Oholus matinalis (Hall)?, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 325. (Mentioned as below.)

A form indistinguishable from this species occurs in China in a gray limestone of Upper

Cambrian age. Only the general form of partly exfoliated shells is known.

Formation and locality.—Upper Cambrian: (C54) Lower part of Chaumitien limestone [Blackwelder, 1907a,

p. 42 (part of last list of fossils)], near top of limestone knoll, 0.66 mile (1.1 km.) west of Tsinan, Shantung, China.

Obolus membranaceus Walcott.
I/'

Text figures 36A-B, page 403.

Oholus membranaceom Walcott, 1908, Smithsonian Misc. Coll., Vol. LIII, No. 3, p. 61, PI. VII, fig. 11. (Character-

ized and discussed as below as a new species. Fig. 11 is copied as fig. 36A in this monograph.)

In size and outline this species is somewhat similar to Oholusfeistmanteli (Barrande) (PI. XII,

figs. 1, la-c), but in its very thin almost membranaceous shell it differs from that species and
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all other species of the genus known to me. Seven specimens were collected from a shaly compact

limestone, all as casts. Remnants of the corneous shell are

preserved, which show it to have been very thin, and the

interior casts show that it did not retain any impressions

of the animal sufSciently strong to be impressed on the cast-

A short, rather narrow cardinal area occurs on both the

ventral and dorsal valves. Outer surface smooth, with a

few lines of growth. The largest ventral valve has a length -A.

of 17 mm. and a width of 22 mm. A less distorted dorsal
"iguee 36.-ow«. memmnaceus j^icm a,

_
Cast of ventral valve (U. S. Nat. Mus. Cat. No.

valve has the same length and width, 15 mm. sscwa). B,castofdorsaivaive(u. s. Nat. mus.

The specific name was given because of the very thin
C'''- no. 5.%74b). Both natural size.

.. , in "^^^ specimens represented are from Locality 35ff,

almost membranaceous shell. Eldon limestone on Mount Bosworth, British Co-

T-, ».,...«,. /«,. N .1 . > innf Inmbia. Figure 36A is copied from Walcott 11908d,
Formation and locality.-Middle Cambrian (35g) : About 4,100feet pi yn, fig. ii|; it represents the type specimeu.

(1,250 m.) above the Lower Cambrian and 860 feet (262 m.) below the

Upper Cambrian in the shaly limestones in No. 2 of the Eldon limestone, at the north end of the amphitheater north-

west of the main ridge of Mount Bosworth, north of the Canadian Pacific Railway between Hector and Stephen, on

the Continental Divide, between British Columbia and Alberta, Canada.

ObOLUS ? MENEGHINII Walcott.

Plate XXX, figures 17, 17a.

Not Lingula petalon (Hicks MS.) Davidson, 1868, Geol. Mag. vol. 5, p. 308, PL XV, fig. 16. (Not taken up in this

monograph.)

Not Lingula petalon Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, p. 337, PL XLIX, fig. 30. (Not

taken up in this monograph.)

Lingula petalon Bornemann [not Davidson], 1891, Nova Acta Acad. Cses. Leop.-Carol. Germanicse Naturae Curiosorum,

Bd. 56, No. 3, p. 438, PL XIX (XXXIV), figs. 12-14. (Described in German; see below for translation. Fig.

14a is copied in this monograph, PL XXX, fig. 17.)

Obolella sp. (?) Bornemann, 1891, idem, p. 440, PL XIX (XXXIV), fig. 18. (Characterized in German. Fig. 18 is

copied in this monograph, PL XXX, fig. 17a.)

Obolus (?) meneghini Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 684. (Bornemann's description, 1891, p. 438,

translated, and species discussed as below as a new species.)

Bornemann says [1891, p. 438]:

Rounded triangular, frontal margin at times almost straight. Shells rather flat, their arching being greatest in

the middle. Concentric and rather coarse lines of growth. Size, 5-11 mm.

The specimen referred to "Obolella sp. (?)" by Bornemann [1891, p. 440] is from the slate

of Porto Canal Grande. It is not an Obolella and may be identical with the species from the

sandstones.

The shells referred to "Lingula petalon" [Bornemann, 1891, p. 438] suggest Obolus in form

and surface ornamentation and are tentatively referred to that genus and a specific name

given them in recognition of the work of Prof. Giuseppe Meneghini.

Formation and locality.—Middle Cambrian: (354c) Yellow, friable sandstone at Punta Pintau (Canal Grande);

(354d) yellow friable sandstone at Gruguetta; and (354e) slate at Porto Canal Grande; all [Bornemann, 1891, pp. 438

and 440] in the island of Sardinia, Italy.

Obolus mickwitzi Walcott.

Plate X, figures 1, la-k.

Obolus mickwitzi Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 386-387. (Described and discussed as below as

a new species.)

General form rounded ovate, with the ventral valve broadly subacuminate, and the dorsal

valve obtusely rounded; valves, as shown by the casts, moderately convex, which would give

a rather strongly convex shell, as fragments show that it was quite thick over the central

portions. Fragments of the shell showing the outer surface indicate that it was marked by

concentric lines and striae of growth ; radiating striae may have been present ; they are strongly

developed when the outer surface is exfoliated. The casts of a number of examples of the
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interior of tlie valves show very strong concentric undulations and lines of growth, although

in some specimens these characters are scarcely perceptible. The fragments of the shell pre-

served show that it was formed of a thin outer layer, several inner layers or lamellae of varying

thickness, and numerous lamellae over the anterior and lateral portions of the shell that are

shghtly obhque to the outer surface. A somewhat rounded ventral valve has a length of

9 mm., width 9 mm. ; a dorsal valve 9 mm. long has a width of 8 mm. ; a more elongate ventral

valve is 9 mm. in length and 8 mm. in width; an associated dorsal valve 7.5 mm. in length

has a width of 7 mm.
Casts of the interior of the ventral valve show an area of medium length, divided midway

by the cast of a strong, rather broad pedicle furrow, and again a short distance each side of the

pedicle furrow by a narrow, sharp, flexure line; stri^ of growth cross the area of the pedicle

furrow parallel with the front margin. There is slight evidence in one of the casts that the area

formed a shelf between the pedicle groove and the lateral margin. The area of the dorsal valve

is of medium length and fairly well extended out onto the cardinal slopes (PI. X, fig. Id). The

cast of the visceral cavity of the ventral valve is well shown by several specimens (PI. X, figs.

la, lb, and Ic). It resembles that of Oholus matinalis (Hall) and 0. apollinis quenstedti (Mick-

witz) in the extension of the anterior margins almost directly outward from the center toward

the impression of the main vascular sinuses ; one of the peculiarities of the species is the great

development of the area within the parietal scar (splanchnocoele) ; in some examples (PI. X,

figs, la and lb) it occupies all the central portions of the shell, extending to within a short

distance of the frontal margin. In others it is limited to the posterior half of the shell; the

same features occur in the dorsal valve (PI. X, figs. Id, le, and If). There are no traces of a

median septum in the ventral valve ; in the dorsal valve it is shown in the cast as a very narrow

depression between and a little forward of the central muscle scars.

In the ventral valve the anterior lateral muscle scars are distinctly shown, also the trape-

zoidal area, in which the central, middle lateral, and outside lateral scars occur. In the dorsal

valve (PI. X, figs. Id and Ig) large central (h) and small anterior lateral (j) scars are clearly

defined, also the transmedian (i) scars. Of the markings left on the interior of the shell by

the vascular system, the trunk sinuses are usually strongly defined in the smaller shells, extend-

ing nearly to the anterior margin, and in the larger shells about three-fourths of the way over

the area to the frontal margin.

Owing to the condition of the casts of the interior, the parietal scar is usually not well

defined; in the ventral valve it appears to extend from where it arches forward at the center,

almost directly outward to the trunk sinuses, where it curves backward across the sinus and

outside of the anterior lateral muscle scars; in the dorsal valve it extends from over the median

line in front outward and backward around the side of the large central muscle scar, where it

curves outward across the trunk sinuses.

Observations.—Attention has been called to the relatively large size of the visceral cavity

(splanchnocoele) in both valves of the smaller shells. The range of variation in this respect

is so great that it might be accepted as indicating a distinct species if there were not shells

intermediate in size in which the splanchnocoele is also intermediate in proportional size.

Another marked character in the specimens is the very strong impressions in the cast of the

trunk sinuses and muscle scars and visceral markings. This species is somewhat more rounded

in outhne than 0. msera (Hall and Whitfield) and 0. matinalis (Hall), and it is very distinctly

marked by the muscle scars of the dorsal valve.

The specific name was given in honor of Dr. A. Mickwitz.

Formation and locality.—Upper Cambrian: (79, 79', and 791)) « "St. Croix sandstone, "near Hudson; and (328j)

"St. Croix sandstone' ' on Willow Kiver, near Hudson; both in St. Croix County, AVisconsin.

Obolxjs minimus Walcott.

Plate XI, figures 8, 8a.

Obolus minimus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 325-326. (Described as below as a new species.)

This is a small shell of the general form of Oholus sTiansiensis Walcott. The ventral valve

is obtusely acuminate and the dorsal nearly circular; valves gently convex. Surface marked by

a 79 is the type locality.
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rather strong concentric lines of growth and numerous very fine concentric stride. The inner
layers of shell are shiny black and ornamented with numerous fine, radiating striae and concentric

lines. Shell built up of several thin layers or lamellse that form a thin shell over the umbonal
region that gradually thickens as the short, oblique lamellfe become more numerous toward the
front and side margins. The three specimens in the collection average 3 mm. in transverse

diameter; the ventral is a little longer than the dorsal valve.

A partly exfoliated ventral valve shows a well-marked visceral area, extending forward
about one-third of the length of the shell; also narrow main vascular sinuses starting near the
apex and extending obliquely forward well into the valve, about midway between the median
line of the valve and the lateral margins. This neat little shell is distinguished by its nearly
circular outline, low convexity, and small size.

Formation and locality.—Middle Cambrian : (CI) Lower shale member of the Kiulung group [Blackwelder,

1907a, pp. 37 and 40 (part of the 3d list of fossils), and fig. 10 (bed 4), p. 38], 2 miles (3.2 km.) south of Yenchuano-
Sintai district, Shantung, China.

Obolus? mixor Barrande.

Plate XV, figure 6

Obolus 1 minor Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, p. 105, fig. 68. (Described in

French as a new species. Fig. 68 is copied in this monograph, PI. XV, fig. 6.)

Obolus ? minor Barrande, 1868, Neues Jahrb. fur Mineralogie for 1868, p. 693, unnumbered plate, fig. 69. (Text
and figure copied from preceding reference.)

Of this species the author [1868a, p. 105] remarks:

We know only the impression figured. It differs from 0.? palliatus Barrande by having a well-marked beak and
in being rather more elongate. The surface is ornamented by rather close concentric striae regularly spaced. Length
7 mm., width 7 mm.

It is not improbable that this represents the ventral valve of OJ palliatus, but in the absence
of specimens for comparison it is left with the designation given by Barrande.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,
1868a, p. 105]) suburbs of Hof, Bavaria, Germany.

^ Obolus? mirandus (Barrande).

Plate XII, figures 4, 4a.

Lingula? miranda Barrande, 1879, Systgme silurien du centre de la Boheme, vol. 5, PI. CXI, figs, i: 1-3. (No text
reference. Figs. 3A and la are copied in this monograph, PI. XII, figs. 4 and 4a, respectively.)

In form this species is much like that of Ololus ancilhis (Barrande) (PI. XII). The traces

shown of the interior markings by figure 4a are similar to those of Ololus feistmanteli (Barrande)
(PI. XII, fig. 1). The outer surface, as shown on the figure, recalls that of 0. (Westonia) clla

(Hall and Whitfield) (PI. XLVII). With only the two illustrations given by Barrande, it

is impossible more than provisionally to refer the species to Oholus.

Formation and locality.—Lower Ordovician: (303k [Barrande, 1879b, pi. CXI]) Etage dl at Hradischt, Bohe-
mia, Austria-Hungary.

Obolus ? murrayi Billings.

Plate XV, figure 12.

Obolus ? murrayiBiLLiNGS, 1865, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 362. (Described as a new species;
see below for copy. The type specimen upon which Billings based his description, but which he did not
figure, is represented in this monograph, PI. XV, fig. 12.)

The original description by Billings follows

:

The specimen is very nearly circular, broad ovate, width a little greater than the length, uniformly and mod-
erately convex; the shell black and corneous and covered with fine concentric striae. Length, 7 lines; width, about
8 lines. Of this species only a single valve was found. * * * It belongs probably to the Quebec group.

This appears to be a true Oholus, as far as can be determined from the exterior surface
of a single specimen. Its large size and strong concentric strife indicate that Billings's refer-

ence to the "Quebec group" (Lower Ordovician) is probably correct.
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The specific name was given in honor of Alex. Murray, who discovered the specimen.

Formation and locality.—lower Ordovician: (314g [Billings, 1865b, p. 362]) A loose piece of gray argillaceous

limestone at Maiden Arm, Hare Bay, on the east side of the northern point of Newfoundland.

Obolus namouna Walcott.
'J

Plate VIII, figures 2, 2a.

Obolus namouna Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 390. (Discussed as below as a new species.)

This form is closely related to 0. matinalis (Hall). It differs mainly in the internal char-

acter of the dorsal valve (PI. VIII, fig. 2a). The area, in addition to the narrow area of

0. matinalis, extends its lines of growth nearly one-fifth the length of the shell. The visceral

area is shorter also than in 0. matinalis, the central and anterior lateral scars being closer

together. Owing to the somewhat imperfect character of the ventral valve, no special points

of difference with the ventral valve of 0. matinalis can be determined. It is associated on

the same slabs of sandstone with 0. rJiea Walcott.

Formation and locality.—Upper Cambrian : (98) "St. Croix sandstone" near Eau Claire, Eau Claire County,

Middle Cambrian: (84) "St. Croix sandstone" at Dresbach, opposite the mouth of Black River, Winona Coimty,

Minnesota.

Obolus nundina Walcott.

Plate XI, figures 4, 4a.

Obolus nundina Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 326. (Characterized and discussed as below as a

new species.)

This little shell differs from Oholus anceps Walcott, to which it appears to be most nearly

related, by its more nearly circular dorsal valve and its strong, concentrically ridged surface.

Its surface is formed by elevated, rounded, concentric ridges that are somewhat irregular.

Very fine concentric striae occur both on the ridges and on the interspaces between.

Formation and locality.—Upper Cambrian; (61) Limestone in the Dunderberg shale [Walcott, 1908f, p. 184]

a little south of the Hamburg mine. Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

(14b) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2 km.)

south of the San Saba County line, in Llano County, Texas.

Middle Cambrian: (58) Shaly limestones in the upper beds of Secret Canyon shale, east side of New York and

Secret canyons. Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Obolus obscurus Walcott.
V

Plate XI, figures 9, 9a-d.

Obolus obscurus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 326. (Described and discussed essentially as in

the first two paragraphs below as a new species.)

A large dorsal valve of this species has a length of 9 mm., width 7 mm. The shell is

strong and marked on its inner layers by radiating and concentric strise ; the outer surface has

numerous fine, elevated, slightly irregular, concentric striae that, with a strong lens, give it a

roughened appearance.

An interior of a dorsal valve shows a well-developed area, the greater portion of which

is taken by the broad pedicle groove; a deep umbonal cavity with a narrow median septum

and obscure main vascular sinuses on the outer margins of the cavity. Outside the sinuses,

on the posterolateral slope, relatively large muscle scars are indicated.

Since the publication of the original description (the greater part of which is copied in

the two preceding paragraphs), better specimens referred to tliis species were received from

the Middle Cambrian of Shansi. These illustrate the form and convexity of the ventral valve

and show it to be similar to that of Obolus chinensis (Walcott). The concentric ridges are

more nearly perfect than those on the fragments associated with the specimens from Shantung.

The concentric striae or ridges are elevated, roimded, with sharp depressions between them;
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the ridges are little more than elevated striae at the aperture, becoming gradually coarser over

the central and anterior portions of the valve, where there are from five to seven ridges in a

distance of 1 mm.; toward the apex there are more than double the number in the same
distance.

Oholus ohscurus has a larger and more rounded shell than 0. chinensis and is also distiu-

guished by the strong, concentrically striated surface, which resembles that of Micromitra
(Paterina) labradorica orientalis (Walcott) , from which it differs in the form of the shell. It

differs from Oholus (Acritis) antiquissimus (Eichwald) (PI. XIII) in having the concentric striae

or ridges more regular and very rarely bifurcating. Oholus {Acritis?) rugatus IVaicoii (PL
XIII) has much stronger concentric ridges. The surface of 0. nundina Walcott (PI. XI) is

marked by irregularly spaced, rounded, concentric ridges, with rounded depressions between
them, instead of the V-shaped depressions and regulai-ly spaced ridges of 0. ohscurus. Oholus
ohscurus has a large strong shell of the general type of Oholus rhea Walcott (PI. IX) of the
Middle and Upper Cambrian of Wisconsin.

The material upon which this species was based [Walcott, 1905a, p. 326] was more or

less fragmentary, and the specific name was chosen because of the obscure relations of the

species.

Formation and locality.—Middle Cambrian: (C63) Sandy shale near the base of the Kiulung group [Blackwelder,

1907a, p. 37 (3d paragraph), and fig. 8a {bed 32), p. 29], 3.5 miles {5.6 km.) southwest of Yenchuang, Sintai district.

Shantung; and (C75) limestone near the base of the Kichou formation [Willis and Blackwelder, 1907, p. 143], 4.5

miles (7.2 km.) south of Wutaihien, Shansi; both in China.

Obolus? palliatus Barrande.

Plate XV, figure 5.

Obolvs? palliatus Barrande (in part), 1868, Faune silurienne des environs de Hof, en Bavifere, pp. 104-105, fig. 65

(not fig. 64, referred in this monograph to Obolus f bavaricus). (Described and discussed in French as a new
species. Fig. 65 is copied in this monograph, PI. XV, fig. 5.)

Ohjl'.is ? palliatus Barrande (in part), 1868, Neues Jahrb. fiir Mineralogie for 1868, p. 693, unnumbered plate, fig. 65

(not fig. 64, referred in this monograph to Obolus f bavaricus). (Text and figures copied from preceding reference.)

This shell is described from the external characters, and on this account was referred

provisionally to the genus Oholus. The author states that the form is transverse, beak obtuse
and the convexity of the shell as preserved is greatest near the beak. The substance of the

shell appears to be like that of the associated Lingula. It is ornamented with fine concentric

striae, wliich tend to group themselves into bands on some specimens. On Barrande's figure

radiating striae are shown, but are not mentioned in the text. Two specimens have a length

of 13 mm., with their widths respectively 16 and 18 mm.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande

1868a, p. 105]) Suburbs of Hof, Bavaria, Germany.

Obolus pandemia Walcott.

1

Plate IX, figures 3, 3a-d.

Obolus pandemia AValcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 388. (Characterized as below as a new species.)

The external form of this species is nauch like that of 0. matinalis (Hall) (PI. VIII). It

differs mainly in the characters of the interiors of the valves. In the ventral valve the

central ridge is elevated so as to be the most pronounced feature. It not only fills up the

space usually occupied by the heart-shaped cavity, but rises much above the" interior surface

of the shell. The trapezoidal areas (c) and the depressions occupied by the main vascular

sinuses are seen only with difficulty. The essential characters of the species are shown by
figures on Plate IX.

Formation and locality.—Middle Cambrian: (10a) Sandy layers of the Rome formation, in west railroad cut

through Shocks Gap, in Bays Mountains, 10 miles (16.1 km.) southeast of Knoxville [Keith, 1895, areal geology sheet],

Knox County, Tennessee.
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Obolus panderi Mickwitz.

Obolm panderi Mickwitz, 1896, M^m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 149-151, PI. II,

figs. 13a-d. (Described and discussed in German as a new species.)

According to Mickwitz, two fragments of this species have been found. These fragments

indicate that the shell was one of the largest species from the Obolus sandstone, being nearly

twice as large as the nearly related 0. triangularis Mickwitz. He separates it from the latter

species on account of its size, "the pronounced pentagonal angular central groove, and the

remarkable combination of the corneous projection with the ridges of the main vascular canals,

and the somewhat less convexity of the ventral valve."

Mickwitz states that this species is very rare. He gives a most detailed account of it,

to which the student is referred.

The specific name was given in honor of C. H. Pander.

Formation and locality.—Tipper Cambrian: (396 [Mickwitz, 1896, p. 151]) Obolus sandstone at Joa, near Jege-

lecht, 12 miles (19.3 km.) east of Reval, Government of Esthonia, Russia.

Obolus parvus Walcott.

Text figures 37A-B.

Obolm parvus Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 61-62, PI. VII, figs. 10 and 10a. (Described

and discussed as a new species. Figs. 10 and 10a are copied in this monograph as figs. 37A and 37B.)

Shell small, moderately convex, nearly semicircular in outline. Ventral valve a little

longer than wide and with the umbo curving gently to the minute marginal beak. Dorsal

valve a little wider than long and with apex marginal. Sxu-face marked

jf^^ ^gf^l^ by minute concentric strife of growth and an exceedingly fine network
njj^B IgHJ^H of irregular lines that, with a lens magnifying 20 diameters, give it the

^^^T ^^^^i appearance of the surface of Lingulella (Lingulepis) longinervis (Mat-

A B thew) (PI. XLIV, fig. Ip). Nothing is known of the interior of the valves.

Figure 37.-06of!is parMs wai- The average diameter of the valves is from 1.5 to 2 mm., with the
cott. A, exterior of a ventral yeutral valve a little longer than wide and the dorsal valve slightly trans-
valve, ttietypespecimen(U. S. ... o ^

Nat. Mus. Cat. No. 51400a). B, vcrse m Outline.
exterior of a dorsal valve (U.S.

jj^ outline the shell approaches most nearly to-Obolus rotundatus
Nat. Mus. Cat. No. 51400b). ^_^ , ^ ,_,, ^^,^ _ „ „ s o ,i -«,-iii i tt /~, i •

Figures 37A and 37B are copied
(Walcott) (PI. XX, figs. 2, 2a-e) of the Middle and Upper Cambrian.

from Walcott [igosd, PI. VII, flgs. It differs in having a more rounded posterior outline in the ventral valve

ZTZX^^ZZZZ and in its more transverse dorsal valve.
_

Obolus pheres Walcott (PL XI,
brian shale, on Mount Bosworth, figs. 6, 6a-b) of the Upper Cambrian is a very small shell, but it is
British Columbia.

thicker and also more elongate than 0. parvus. In form it resembles

Obolus minimus Walcott, from China (PI. XI, figs. 8 and 8a), but it differs in having a less elon-

gate ventral valve and in its peculiar surface.

Formation and locality.—Lower Cambrian: (35c) Drift blocks of siliceous shale supposed to have come from the

Mount Whyte formation [Walcott, 190Sf, p. S14], found on the south slope of Mount Bosworth, about SOO feet {152 m.)

northwest of the Canadian Pacific Railway trach between Stephen and Hector, eastern British Columbia.

(35e) About 270 feet (82.3 m.) below the Middle Cambrian, in a greenish siliceous shale correlated with No. 3 of

the Mount Whyte formation on Mount Bosworth. [Walcott, 19081, p. 214], in the amphitheater between Popes Peak
and Mount Whyte, about 3 miles (4.8 km.) northwest of Lake Louise, southwest of Laggan, on the Canadian Pacific

Railway; and (58t) sandy shale about 150 feet (45.7 m.) below the Middle Cambrian, just below the big cliff on the

east shoulder of Castle Mountain, north of the Canadian Pacific Railway; both in Alberta, Canada.

Obolus pheres Walcott.

Plate XI, figures 6, 6a-b.

Obolus pheres Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 328. (Characterized as below as a new species.)

This is one of the smallest of the Obolus species known to me, as it does not average 2 mm.
in diameter. It recalls at first sight Lingulella vnnona convexa (Walcott) ; but it differs in having

a thick lamellated shell and in being more rounded on the cardinal angles. The exterior
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surface is marked by concentric lines of growth. The shell is built up of thin layers or

lamellae, those toward the front and sides being arranged obliquely to the surface, as in all of

the thick-shelled species of Oholus.

Formation and locality.—XTpper Cambrian: (lOv) Shales in the "St. Croix sandstone," at Fox Glen, about

8 miles (12.8 km.) east of Baraboo, Baraboo quadrangle (IT. S. Geol. Survey), Sauk County, Wisconsin.

Obolus prindlei (Walcott).

Plate XXVII, figures 3, 3a-e.

Oholus {Lingulella) prindlei Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 412. (Characterized and discussed

essentially as below as a new species.)

This species was at first considered to be identical with Lingulella granvillensis Walcott
(PI. XXII). The study of a new lot of well-preserved specimens shows that it differs from
granvillensis in being less elongate, more ovate in outline, and marked upon the interior by a

very finely granulated surface; in the cast the papillfe and the fine depressions between them
appear to be arranged in transverse undulating lines. The transverse lines of growth on
the area of the ventral valve, as seen in the cast, are peculiar in having an imbricating or

lamellose-like arrangement. The areas of both valves are rather large for so small a species.

The average length of the ventral valve is 3.5 mm. to 4 mm., and the width is 3.25 mm. The
dorsal valve is a little shorter than the ventral.

Oholus prindlei belongs to a group of small shells (Pis. XXIX to XXXI) that is represented

by Lingulella ferruginea Salter, Oholus rotundatus (Walcott), Lingulella desiderata (Walcott),

Oholus chinensis (Walcott), Lingulella damesi (Walcott), and L. granvillensis Walcott. These
forms are among the earhest specimens of the genus and range through to the Ordovician fauna.

Lingulella granvillensis and Oholus prindlei occur in the upper limit of the Olenellus fauna of

eastern New York and western Vermont, and Oholus rotundatus and Lingulella manticula (White)

are found at the base of the Ordovician fauna.

The specific name is given in recognition of the effective work of Mr. L. M. Prindle, who, as

assistant to Prof. T. Nelson Dale, collected the first specimens of the species.

Formation and locality.—Lower Cambrian: (29) Limestone just above the bridge at the Stockport paper mill

on Kinderhook Creek, Columbia County; (35) limestones 1.5 miles (2.4 km.) north of Bald Mountain and 3.5 miles

(5.6 km.) north-northwest of Greenwich, Schuylerville quadrangle (U. S. Geol. Survey), Washington County; (45b)

limestone near the roadside about 1,200 feet (366 m.) east of Bristol's house, near Low Hampton, about 5 miles (8 km. ) east-

northeast of AATiitehall, Whitehall quadrangle (U. S. Geol. Survey), Washington County; (36b) limestones near school-

house No. 12, near Cireenwich, Cambridge quadrangle (U. S. Geol. Survey), Washington County; (38a) limestone 2 miles

(3.2 km.) south of North Granville, on the road which tm'ns south from the road running between that village and Truth-

villa, 4 miles (6.4 km.) west-northwest of Granville, Fort Ann quadrangle (U. S. Geol. Survey), Washington County;

(72) limestone 5 miles (8 km.) east of Albany, Kensselaer County; (2b) limestone just north of Beman Park, in the

northeastern part of the city of Troy, Rensselaer County; (338k) limestone 2.5 miles (4 km.) southwest of Wynants-
kill, Rensselaer County; and (72a) limestone 1 mile {1.6 km.) southioest of Wynantskill, Rensselaer County; all in New
York.

Specimens that are compared with Oholus jjrindlei occur at the following locality:

Lower Cambrian: (25a) Limestone on the Hall (Donaldson's) farm, 2 miles (3.2 km.) east of Swanton, Franklin

County, Vermont.

Obolus refulgens Matthew.

Plate IX, figures 2, 2a-d.

Obolus refuljens Matthew, 1892, Trans. Roy. Soc. Canada, vol. 9, sec. 4, No. 5, pp. 44-45, PI. XII, figs. 6a-d.

(Described and discussed as a new species. The specimens represented by figs. 6d (ventral) and 6d (dorsal) are

redrawn in this monograph, PI. IX, figs. 2 and 2a, respectively.)

Obolus ? refulgens Mickwitz, 1896, M6m. Acad. imp. sci. St.-Petersbourg, 8th ser., vol. 4, No. 2, pp. 23-24. (Discussed

in German.)

Obolus refulgens Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 96, plate opposite p. 112,

figs, lla-b. (Discussed.)

Obolus (Monobolina) refulgens Matthew, 1902, idem, p. 98. (Changes generic reference.)
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Monobolina rc/uZj7c?is'MATTHBW, 1903, Geol. Survey Canada, Kept, Cambrian Rocks Cape Breton, pp. 210-213, PL,

XVI, figs. 2a-b, PI. XI, figs. 4a-b. (Copies the original description, Matthew, 1892, pp. 44-45, and describes

and discusses species. PI. XI, figs. 4a-b, are copied from Matthew, 1892, PI. XII, figs. 6d (ventral) and 6d

(dorsal); PI. XVI, figs. 2a-b, are copied from Matthew, 1902b, plate opposite p. 112, figs, lla-b.)

General form transversely ovate, the dorsal valve being slightly more rounded at the beak

tlian the ventral. Valves rather strongly convex, as>seen in a single specimen of an imcom-

pressed dorsal valve; most of the shells are flattened in the shale. Sin-face of shell marked by

concentric lines of growth and very fine, irregidar strife that inosculate so as to produce a surface

much resembhng that of Oholus fragilis (Wedcott) , Lingulella hellula (Walcott) , O&oZiis (Westonia)

ella (Hall and Whitfield), and other forms. The shell is not preserved on any of the specimens

in the collection. A ventral valve 6.25 millimeters in length has a width of 6.5 millimeters; a

larger dorsal valve 8 mm. in length has a width of 9 mm.
The cast of the interior of the valves shows a clearly defined rather strong area on each

valve. The only muscle scars clearly defined are the central scars of the dorsal valve.

Observations.—This species has the general form of Oholus mickvntzi Walcott (PI. X) but

in the absence of good specimens detailed comparisons are of little value.

Matthew [1902b, p. 98] includes Obolus refulgens in the subgenus Monobolina Salter [1866b,

p. 334] on account of the close approximation of the "anterior adductor scars" of the dorsal

valve.

The illustrations by Davidson [1866, PI. IV, figs. 20-27] of Monobolina plumbea (Salter)

indicate a platform of the type of that found in Elkania (PI. LI, figs. 1, la, and 4b), and as

Monobolina plumbea is a Lower Ordovician species it may be that the latter is a descendant

of Elkania of the Cambrian. It is certainly not an Obolus.

Formation and locality.—TTpper Cambrian: (308 [Matthew, 1892, p. 45]) Shales of Division CSc of Matthew

[1892, p. 43], at Navy Island, St. John Harbor, New Brunswick.

(307 [Matthew, 1903, p. 213]) Shales of Division C3c of Matthew [1901a, p. 276], on McLeod Brook (=Barachois

River); and (372e [Matthew, 1903, p. 50]) shales on McMullins Brook, near McLeod Brook; both in Cape Breton,

Nova Scotia.

Obolus ehea Walcott.
I

Plate IX, figures 1, la-c.

Obolus rhea Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 387-388. (Described and discussed as below as a new

species.)

General form elongate ovate, with the ventral valve subacuminate, and the dorsal valve

elongate ovate in outline. Outer surface unknown, as all of the shells referred to this species

are more or less exfoliated; the surface of the inner layers shows numerous, rather broad, radi-

ating striae, and concentric lines of growth. The shell appears to have been formed of a thin

outer layer and several inner layers or lamellse arranged in the same manner as in Obolus

matinalis (Hall). A ventral valve 8 mm. in length has a width of 6 mm.; a shorter, broader

valve is 6.5 mm. long and 5.5 mm. wide. The two dorsal valves referred to this species are

larger than the ventral valves; one 9.25 mm. long has a width of 6.75 mm. and another 9.25

mm. long has a width of 7.25 mm.
Casts of the interior of the ventral valve show a rather short area that is not clearly

defined in any of the specimens. The cast of the pedicle groove is narrow and merges into the

cast of the groove extending forward to the visceral area; the area is also marked by flexure

lines and transverse strise of growth. The area of the dorsal valve is short in the one specimen

showing it. The cast of the visceral cavity on a ventral valve is clearly defined by a rather

narrow ridge that is expanded anteriorly in what may represent the heart-shaped cavity (v)

(PI. IX, figs. 1, la). The parietal scar passes around in front of the visceral cavity and then

a little backward to the main vascular sinuses. No traces of a median septum have been

seen in either valve.

The only traces of muscle scars observed are some irregular markings in the trapezoidal

area (c), in which the central, middle lateral, and outside lateral scars occur in the ventral

valve.
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Observations.—This somewhat peculiar species is associated with Obolus namouna Walcott,

Dicellomus politus (Hall), and Oholus matinalis (Hall). The dorsal valves are clearly distinct

from any described form, approaching in some respects the elongate dorsal valve of Lingulella

(Lingulepis) acuminata (Conrad) (Pis. XL to XLII), differing, however, in being narrow and
more elongate; the ventral valves appear to be broader in proportion than the dorsal valve

and approach 0. matinalis (Hall) (PL VIII) in outline but are more elongate.

Formation and locality.—Upper Cambrian: (98) "St. Croix sandstone" at Eau Claire, Eau Claire County,

Wisconsin.

Middle Cambrian: (84) "St. Croix sandstone" at Dresbach, opposite the mouth of Black River, Winona County,

Minnesota.

Obolus? rokitzanensis Barrande.

Plate XII, figure 6.

Obolus? rohitzanensis Baerande, 1879, Syst6me silurien du centre de la Boheme, vol. 5, PL CXXVI, fig. ii: 5. (No
text reference. Fig. 5A is copied in this monograph, PI. XII, fig. 6.)

Barrande gives only one illustration of this species. It recalls to mind those forms of

Obolus which preserve the radial striation on the interior surface. The configuration of the

visceral area also suggests that of the ventral valve of Oholus. The illustration is introduced

in order that the student may have before him a representation of all of the Obolus-like shells

known to me. - Figure 5 of Barrande [1879b, PI. CXXVI] should be compared with the ventral

valve of Obolus complexus Barrande (PI. XII, fig. 3, of this monograph), and for the radial

striation with Plate XII, figure 3b.

The specific name is derived from Rokitzan, the type locality.

Formation and locality.—Lower Ordovician: (303b [Barrande, 1879b, PI. CXXVI]) Etage dl in the environs of

Rokitzan, Bohemia, Austria-Hungary.

Obolus kotundatus (Walcott).

Plate XX, figures 2, 2a-e.

Obolus (Lingulella) rotundatus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 415. (Characterized as a new species;

see first paragraph below for copy.)

Obolus (Lingulella) desideratum Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, pp. 445-446, PI. LX, fig. 2a

(not fig. 2, referred to Lingulella desiderata). (Described and discussed. The specimen represented by figure

2a is redrawn in this monograph, PI. XX, fig. 2e.)

This small species is associated with Lingulella manticula (White). It differs from it in

its nearly circular form and more strongly pitted or punctate interior of the valves. A cast of

the interior of a dorsal valve shows a well-defined area, the cast of the median ridge and sep-

tum, and the central muscle scars. The ventral valve has a length of 3.5 mm., width 3 mm.;
dorsal valve, length 3 mm., width 3 mm.

The shells represented by Plate XX, figures 2 and 2a, are associated in the same hand
specimens of limestone with Lingulella manticula. The specimens represented by Plate XX,
figures 2b, 2c, and 2d, are from the Upper Cambrian beds of the Gallatin Valley, IVIontana,

but so far as can be determined from the material at hand for comparison they appear to

represent the same species.

Formation and locality.—Lower Ordovician: (313d) Limestone at Schellbourne, Schell Creeh Range, White

Pine County, Nevada.

TTpper Cambrian: (160a) Sandstone west of Bear Creek, south of the Gallatin Valley, southwest of Bozeman,
Threeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

(30q) Limestones about 2,300 feet (701 m.) above the Cambrian quartzites, on pipe line above limekiln, in

Ogden Canyon, 1 mile (1.6 km.) above its mouth, east of Ogden, Weber County; (34i) shales about 1 mile (1.6 km.)
northeast of Sand Pass, at the south end of the Fish Spring Range, Juab County; (33d) thin-bedded blue limestone

at the base of the first high point southwest of the J. J. Thomas ranch, on the east side of the Pish Spring Range, Juab

County; (30y) about 1,400 feet (426.7 m.) above the Middle Cambrian and 1,900 feet (579.1 m.) below the top of the

Tipper Cambrian in the supposed metamorphosed equivalent of the shales forming lb of the Orr formation [Walcott,

1908f, p. 176], above the granite contact on top of the ridge north of Notch Peak [Walcott, 1908f, Pis. XIII and XIV],
House Range, Millard County; and (34r) limestones 1.5 miles (2.4 km.) northwest of Wahwah Spring, about halfway

up the section to the north of the road at Cane Pass, Wahwah Mountains, Beaver County; all in Utah.
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(80) Limestone on the slope of the ridge where the range swings around to the northwest, 2 miles (3.2 km.) north

of Aurum, Schell Creek Range, AATiite Pine County, Nevada.

(96) Limestone near the ford on the Cedartown road, 1.5 miles (2.4 km.) south of Rome, Floyd County, Georgia.

Kiddle Cambrian: (159) Limestones north of West Gallatin (Gallatin) River, Gallatin County, Montana.

(302b) Limestones near Crowfoot Ridge, Gallatin quadrangle (U. S. Geol. Survey), Yellowstone National Park,

Wyoming.
(34n) Shales about 100 feet (30.5 m.) above the Tintic quartzite [G. 0. Smith, 1900, p. 1] near the simimit of the

ridge between Mammoth and Eureka, Tintic special quadrangle (U. S. Geol. Survey), Juab County, Utah.

(llo) About 2,750 feet (838.2 m.) above the Lower Cambrian and 1,650 feet (502.9 m.) below the Upper Cambrian,

at the base of the limestone forming la of the Marjum limestone [l\'alcott, IQOSf, p. 179], about 4 miles (6.4 km.)

southeast of Antelope Springs in the spur at the junction of the Deseret and Swasey Spring roads [Walcott, 1908f,

PL XIII], House Range, Millard County; (llx) about 2,200 feet (670.6 m.) above the Lower Cambrian and 2,200 feet

(670.6 m.) below the Upper Cambrian in the limestones forming Id of the Marjum limestone [Walcott, 19081, p. 180],

2.5 miles (4 km.) east of Antelope Springs, in ridge east of Wheeler Amphitheater [Walcott, 1908f, Pis. XIII and

XV], House Range, Millard County; all in Utah.

(7i) Limestone just west of the summit on the road east of Schellbourne, Schell Creek Range, White Pine County;

and (7j) limestones at the north end of the Quinn Canyon Range, 1 mile (1.6 km.) northwest of Italian Ranch foothills,

Nye County; both in Nevada.

Specimens that are somewhat doubtfully referred to this species occur at the following

locality:

Upper Cambrian: (8p) Limestone halfway up the canyon east of McGill's ranch, on the west side of the Schell

Creek Range, 14 miles (22.5 km.) northeast of Ely, ^Vhite Pine County, Nevada.

Obolus schmalenseei (Walcott).

Plate XXX, figures 19, 19a-e.

Obolus {Lingulella) schmalensei Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 605. (Characterized as below aa a

new species.)

This is the European representative of the American Obolus rotundatus (Walcott) (PI. XX).
Its outline is slightly elongate to subcircular. Wlien the shell is exfoliated, the cast indicates

that it was strong over the visceral area and tliin toward the margins. The characteristic

features are well shown in the drawings.

The specific name is given in honor of Mr. Schmalensee, who collected the material for me.

Formation and locality.—Middle Cambrian: (8w) Limestones of Paradoxides forchhammcri zone, at Andrarum,

20 miles {32 km.) northwest of Simrishamn, Province of Christianstad, Sweden.

(16h.) Limestones of the. Parado.vides forchhamineri zone, at Borregaard; and (16i) limestones of the Conocoryphe

exsulans zone, at Borregaard; both on Bornholin Island, Denmark.

Obolus schmidti Mickwitz.

Plate XV, figures lla-c.

Obolus schmidti Mickwitz, 1896, M6m. Acad. imp. sci. St.-P^tersbourg, 8th ser., vol. 4, No. 2, pp. 152-154, PL II,

figs. 14a-c. (Described and discussed in German as a new species; see below for translation of the diagnosis.

Figs. 14a-c are copied in this monograph, PL XV, figs, lla-c, respectively.)

The original description by Mickwitz follows:

Shells large, moderately arched; outline broad, egg-shaped; posterior borders of shell convex, not winged; beak

of the large shell scarcely prolonged. Surface of shell faintly polished. Growth lafnellse marked by deep, regular,

roughly cut concentric furrows. Concentric striae fine, irregular, mingled. Radial stri^ perceptible as indistinct

traces. Area of large shell very small, peduncular groove pit-shaped. Thickening of posterior part of shell falling

away in two terraces to middle of shell. First terrace is steep at the broadest place of the heart-shaped groove, the

second flat in front of the point of the latter. Posterior part of the thickening in the form of two club-shaped swell-

ings, which, separated at their posterior thick parts by a deep furrow in the prolongation of the peduncular groove,

pass over with their anterior ends into the swellings of the principal vessel furrows. Splanchnocoele of the large shell

strikingly shortened. Secondary, inwardly diverging traces of the vessels rectilinear, not ramified.

Ohservalions.—Mick^vitz states that, in addition to the concentric strise described and very

faint traces of radial strias, there are over the entire rather rough surface of the shell scattered,

irregular, flat grooves, whose radial position is unmistakable. He also calls attention to the
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pecuKar interior configuration as described and shown in the illustrations. This species is stated

to be very rare and restricted to tlie Oholus sandstone.

The specific name was given in honor of Dr. Fr. Schmidt.

Formation and locality.—Tipper Cambrian: (395 [Mickwitz, 1896, p. 153]) Oholus sandstone at Joa, near Jege-

lecht, 12 miles (19.3 km.) east of Reval, Government of Esthonia, Russia.

^ Obolus selwyni (Matthew).

Plate XXXVI, figures 1, la-h, 2, 2a-b; Plate XXXVII, figures 1, la-f.

Lingulella selwyni Matthew, 1895, Trans. Roy. Soc. Canada for 1895, 2d ser., vol. 1, sec. 4, No. 13, pp. 255-256, PI.

I, figs. la-b. (Described and discussed as a new species. The specimen represented by fig. lb is redrawn in

this monograph, PL XXXVII, fig. Ic.)

Obolus xquiputeis Matthew, 1902, idem, 2d ser., vol. 8, sec. 4, No. 3, p. 94, PI. I, figs. 4a-e. (Characterized. The
specimens represented by figures 4b and 4d are redrawn in this monograph, PI. XXXVI, figs. 2 and 2a, re-

spectively.)
'

Lingulella selwyni Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 62-63. (Notes on
orientation of shells.)

Lingulella selwyni Matthew, 1903, idem, pp. 116-123, figures on p. 117, and PI. VII, figs. la-c. (Described and dis-

cussed. The original reference, Matthew, 1895, pp. 255-256, is copied on pp. 120 and 121. The figures given

on p. 117 are diagrammatic drawings based on the specimens figured by Matthew, 1895, PI. I, figs, la and lb.

Matthew's original drawings are, however, also copied in this reference, Matthew, 1903, PI. VII, figs, la and
lb. PI. XXXVII, fig. Ic, of this monograph represents the specimen upon which Matthew based the diagram-

matic figures given in the right-hand figure on p. 117 and that given in PI. VII, fig. lb. PI. XXXVI, figs. 1

and Ic, of this monograph represent the specimens on which Matthew based the diagrammatic figures given in

the left-hand figure on p. 117 and that given in PL VII, -figs, la and Ic.)

Oholus xquiputeis Matthew, 1903, idem, p. 139, PL VIII, figs. 2a-e. (Described as a new species, but it is not the

first reference to the species ; see above. The marginal reference gives the species as Oholus {Eooholus) xquiputeis.

Figs. 2a-e are copied from Matthew, 1902, PL I, figs. 4a-e.)

General form subovate, broadly rounded in front. Ventral valve subacuminate and dorsal

valve broadly rounded at the beak. Surface of the shell marked by very fine, concentric striae

and lines of growth and indistinct very narrow imdulations of the shell radiating from the beak.

Wlien the thin exterior shell is exfoliated fine radiating lines are seen, and the inner surface

(outside of the visceral areas) shows radiating lines toward the anterior margin and irregularly

distributed punctse. The shell is of rather more than medium thickness. It is built up of a

thin outer layer and several inner layers, very much as the shell of Lingulella acutangula (Roemer)
(PL XVII, figs. Im, In, and lo).

A large, slightly distorted ventral valve has a length of 14 mm.; width, 11 mm. The origi-

nal proportion of length and width of this specimen was probably 14 to 12. The dorsal valve

was probably of equal length and width.

The area of the ventral valve is more or less distorted in all the specimens; its character is

best shown in Plate XXXVII, figure lb; and the area of the dorsal valve in Plate XXXVII,
figure le. The pedicle furrow is strong and well defined (PI. XXXVII, fig. lb).

The cast of the interior of the ventral valve shows the visceral cavity and the heart-shaped

pit (x) (PI. XXXVII, fig. 1 d) so characteristic of Obolus. There are no traces of a median septum
in the ventral valve; in the dorsal valve it is a sharp, narrow ridge (PI. XXXVI, figs. le-g).

The muscle scars of the valves are well shown in casts of the interior. The umbonal scar of

the dorsal valve is elongate (PL XXXVII, figs. Ic and If, and PL XXXVI, fig. le). I have not
observed it in the ventral valve. The scars of the central muscles (h) are distinct in the dorsal

valve (PL XXXVII, fig. Ic), but on the ventral" valve they are merged with the middle laterals

in the trapezoidal area (c) (fig. Id). The outside laterals (1) are preserved in interiors of the

ventral valve (PL XXXVI, figs. Id and le) and the dorsal valve (PL XXXVI, fig. le). The
middle laterals (k) are shown on the dorsal valve (PL XXXVI, fig. le), but have not been seen

on the ventral valve. The anterior laterals are shown for the dorsal valve at (j) (fig. Ic). The
transmedian scars (i) are preserved on casts of the dorsal valve (PL XXXVII, figs. Ic, le,

and If) and the ventral valve (PL XXXVI, fig. la).
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The parietal scar is clearly shown in front of the visceral cavity of the ventral valve, between

the main vascular sinuses (ps) (PL XXXVII, fig. Id), but it has not been traced beyond the

main sinus. On the dorsal valve its course may be followed from the median line in front of the

anterior lateral muscle scars (j), back beyond the central scars (h), to a point where it curves

outward (ps) (PL XXXVII, fig. Ic).

Observations.—Matthew sent me the types of this species for study and illustration. From

the first lot sent in 1900 the figures on Plate XXXVII were made. A second lot sent in 1903

gave the fine illustrations on Plate XXXVI. The two figures in his paper (1895b, PL I) of the

ventral and dorsal valve are essentially diagrammatic, com-binmg as they do the characters seen

in a number of specunens. I have illustrated several of the specimens that appear to me to

give a fair presentation of the characters.

As stated by Matthew [1895b, p. 256] the plan of the muscular scars of this species is very

nearly that of Obolus apollinis quenstedti (Mickwitz) . It may also be compared with the arrange-

ment of the scars of Lingulella acutangula (Roemer). Further reference to 0. selwyni will be

found under the discussion of Oholus and Lingulella (p. 377). In a general way comparison

may be made between Obolus selwyni and Lingulella acutangula; specifically there are strong

variations between them.

Obolus sequiputeis Matthew appears to be in all respects identical with 0. selwyni. To

illustrate the identity of the two species photographs were made of the types of 0. se.guiputeis

(PL XXXVI, figs. 2, 2a-b). The dorsal interiors have both been distorted. In figure 2b the

distortion is from transverse compression; in figure 2c from longitudinal compression. The

specunen represented by the latter is associated with Obolus selwyni. The specimens represented

by Plate XXXVI, figures 2a and 2b, are casts in a matrix that preserves the interiors very

clearly. Plate XXXVI, figure 2c, and all other illustrated specimens of this species, are from

a matrbc in which the shell is compressed so as to obscure the interior markings.

The calcareous sandstones in which this species occurs were referred to the Ordovician by

Matthew [1895b, p. 255], but in his review of the Cape Breton Cambrian faunas [1903, p. 123]

he assigns it to Division E2a ? of his lower Etcheminian.

The specific name was given in honor of Dr. A. R. C. Selwyn.

Formation and locality.—Middle Cambrian: (307d [Matthew, 1903, p. 123]) Sandy limestone of Division

E2a? of Matthew's [1903, p. 19] Etcheminian, on Young (McFees) Point near George Kiver Station, on the

Intercolonial Railway, eastern Cape Breton, Nova Scotia.

Obolus septalis (Walcott).

I
Plate XXIII, figure 3d; Plate XXXIV, figures 2, 2a.

Oholus {Lingulella) septalis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 331. (Characterized as below^ as a new

species.)

Obolus mcconnelli Walcott (in part), 1908, Canadian Alpine Journal, vol. 1, No. 2, p. 244, PL I, fig. 2a (not fig. 2, which

represents a specimen of Obolus mcconnelli). (No text reference. Fig. 2a is copied in this monograph, PI.

XXIII, fig. 3d.)

The dorsal valve is all that is known of this little shell. There are two specimens in the

collections of the United States National Museum and three in the collection of Bryon E. Walker,

of Toronto, Canada.

The general form of the valves is much like that of Obolus rotundatus (Walcott) (PL XX).

It is distinguished from the latter and other described species by the strong median ridge and

septum of the dorsal valve. The outer surface is marked by concentric striae and fines of growth

and very fine irregular concentric striae that give a minutely rough surface.

This form owes its specific name to the presence of a septum in the dorsal valve.

Formation and locality.—Middle Cambrian: (14s) About 2,300 feet (701 m.) above the Lower Cambrian and

2,700 feet (823 m.) below the Upper Cambrian in the Ogygopsis zone of the Stephen formation [Walcott, 1908f
, p. 210],

at the "fossil bed' ' on the northwest slope of Mount Stephen, above Field on the Canadian Pacific Railway, British

Columbia, Canada.
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, Obolus shansiensis Walcott.
ly

Plate XI, figures 7, 7a-c.

Obolus shensiensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 327. (Described and discussed as below as a new
species, the spelling shensiensis being in error because the type specimens came from a locality in the Province

of Shansi, not Shensi, although the species occurs in that province.)

General form ovate, with the ventral valve broadly subacuminate and dorsal valve obtusely-

rounded. Valves moderately convex in the specimens embedded in a fine-grained, dark lime-

stone. Surface marked by fine, sharp, concentric striae and traces of irregular, obscurely

defined, low, radiating ridges; the interior layers show fine radiating striae and concentric lines;

the shell is strong and built up of numerous lamellae oblique to the outer surface. The largest

ventral valve has a length of 9 mm., width 7 mm. Nothing is known of the interior of the

valves.

The form, surface markings, and shell structure are much like those of Oholus matinalis

(Hall) (PI. VIII) and 0. ^etonensis Walcott (PI. IX). In outline 0. shansiensis is more elongate

than 0. matinalis and less so than 0. tetonensis.

This form owes its specific name to the occurrence of the type specimen in the Province of

Shansi, Chiaa.

Formation and locality.—Middle Cambrian: (C37) Upper part of the Kichou limestone in dense black lime-

stone nodules in green-gray shales 10 feet beloio the base of the cliff limestone [Willis and Blachwelder, 1907, p. 146], 8 miles

{12.S hm.) south of Tinghianghien, Shansi; (C32) A fine-grained bluish-black limestone bowlder believed to have come

from the lower part of the Kisinling limestone [Blackwelder, 1907b, p. 272], collected in river drift 1 mile (1.6 km.)

south of Chonpinghien, on Nankiang River, southern Shensi; and (C71) i^ massive cliff-forming limestone in the central

portion of the Kichou formation [Willis and Blackwelder, 1907, pp. 139 and 145 (2d list of fossils)], 4 miles (6.4 km.)

southwest of Tungyu, Shansi; all in China.

/ Obolus sinoe (Walcott).

Plate XXVI, figures 2, 2a-h.

Obolus (Lingulella) sinoe Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 416^17. (Described and discussed as

below as a new species.)

General form broad ovate, with the ventral valve broadly subacuminate and the dorsal

valve broadly ovate. Valves moderately convex, as far as can be determined from the series

of shells preserved in the fine-grained sandstone. A ventral valve 5 mm. in length has a width

of 4.25 mm. A dorsal valve 4 mm. in length has an equal width.

The traces remaining of the exterior shell show it to have been marked by concentric

fines and striae of growth; when the outer layer is exfohated radiating striae cross the lamellae;

a fragment of the inner surface of the shell indicates that there were scattered pits or punctae

and fine radiating striae; the shell was relatively thick and formed of a thin outer layer and

several inner layers or lamellae, the lameUae of the anterior portion of the shell being arranged in

layers sfightly obhque to the outer surface of the shell.

Casts of the interior of the ventral valve show a well-defined area marked by strong flexure

lines that occur midway between the lateral margins and the narrow, well-defined pedicle groove

;

striae of growth cross the area parallel with its base. The area of the dorsal valve is relatively

short and does not extend very far out on the cardinal slopes. The interior markings of the

ventral and dorsal valves show imperfectly the main vascular sinuses and visceral area, the

central and anterior lateral muscle scars, and a narrow median ridge.

Ohservations.—This species occurs at the same relative stratigraphic horizon as Lingulella

ino (Walcott) (PI. XXVI) and is about the same size. It differs, however, in its more circular

form, which is persistent in a large number of shells. In form it more nearly resembles Obolus

rotundatus (Walcott) (PL XX) of the Upper Cambrian. It differs from that in being uniformly

» This species is somewhat doubtfully identified Irom this locality.
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larger and in having a thicker, stronger shell. Some of the shells in the limestone look very

much hke Dicellomus politus (Hall) (PI. LII) when they are not compressed.

Formation and locality.—Upper Cambrian; (327) Arenaceous limestone east of Gold Camp, Caballos Mountains,

New Mexico.

(302d) Limestone 200 yards (183 m.) north of the southwest corner of sec. 18, T. 28 N., K. 113 W., Uinta County,

Wyoming.
(14b) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2 km.)

south of the San Saba County line, in Llano County; (14e) limestone in Bartlett Hollow, 2 miles (3.2 km.) southeast

of the mouth of Falls Creek, Burnet quadrangle (U. S. Geol. Survey), Lampasas County; (67) sandstone on Tatur

Hill, 7 miles (11.2 km.) northwest of Burnet, Burnet County; (69) limestone near Honey Creek, Burnet County; (71)

limestone in Cold Creek Canyon, Burnet County; (68y) interbedded sandstone and limestone, Packsaddle Mountain,

Llano County; and (70) limestone near Morgans Creek, Burnet County; all in Texas.

Middle Cambrian: (302x) Sandstones near the head of Powder River, Bighorn Mountains, Wyoming.

(llj) Basal part of Bonneterre limestone. Mine Lamotte, Madison County, Missouri.

(11a) Sandstone between Fust and Armstrong creeks, in the southeast corner of the Maynardville quadrangle

(U. S. Geol. Survey), Union County, Tennessee.

(92x) Conasauga ("Coosa' ') shale at Yanceys Bend, Coosa Biver, southeast of Center, Cherokee County, Alabama.

V/

Oboltjs smithi Walcott.

Text figures 38A-C.

Obolus smithi Walcott (in part), 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 62^63, PL VII, fig. 9a (not fig. 9,

which represents a specimen of Micromitra {Paterina) major).a (Described and discussed as below as a new
species. Fig. 9a is copied in this monograph as fig. 38B.)

General form broadly ovate, with the ventral valve obtusely acuminate and the dorsal

valve subcircular, slightly transverse; convexity apparently moderate, judging from the speci-

mens as they occur slightly

flattened out in the calcareous

shales. The shell was rela-

tively strong and formed of a

number of thin layers or

lamellae that, toward the outer

edge of the valve, were more
numerous and gave a scaly

appearance to the margins of

the old shells.

Surface marked by con-

centric lines of growth and

numerous very fine, slightly

irregular, undulating concentric ridges upon which numerous very minute papillae occur, giving

the surface, under a strong magnifymg power, the appearance of being minutely granular.

A ventral valve 6 mm. in length has a width of 6.75 mm. A sHghtly larger dorsal valve

7.5 mm. in length has a width of 8 mm.
As shown in the cast, the area of the ventral valve is very short and divided by a relatively

strongly marked, narrow pedicle furrow, the edges of which were elevated slightly above the

general plane of the area. The cast of the interior shows that the visceral area was about

two-fifths the length of the valve and that the main vascular sinuses extended rather directly

forward from the umbo nearly to the front of the shell, separating very gradually and bounding

the interior third of the valve. Nothing has been observed of the muscle scars.

The cast of the dorsal valve shows that it had a very short area that extended well out on

the cardinal slopes; that a low central ridge extended a little more than half the length of the

shell and was continued by a slight narrow median ridge; the main vascular sinuses extend

directly and obliquely forward well toward the front of the shell in about the same relative

position as in the ventral valve. The position of the transmedian and anterior lateral muscle

a See note accompanying the second reference in the synonymy of Micromitra {Paterina) rmjm (p. 351) and the note following fig. 25, p. 351.

FiGUKE ZS.—Obolus smithi Walcott. A, E.xterior of partly exfoliated ventral valve (U. S. Nat.

Mus. Cat. No. 51611a). B, Exfoliated dorsal valve, the type specimen (U. S. Nat. Mus. Cat.

No. SlOllb). C, Partly exfoliated shell showing laminations (U. S. Nat. Mus. Cat. No.

51611c).

Figure 38B is copied from Walcott PDOSd, PI. VII, fig. 9a]. The specimens represented are all

from Locality 66c, near Helena, Alabama.
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scars is indicated about halfway between the main vascular sinuses and the posterolateral

margm of the valve.

Observations.—This species is characterized by its finely granular surface, short cardinal

area, and relatively thick shell. It has the general form of Oholus lamhorni (Meek) and

Oholus willisi (Walcott) , but it differs from both of these species in having a granulated surface

and shorter cardinal area. ' It appears to be the Ivower Cambrian form that is represented in

the Middle Cambrian by Oholus willisi and in the Upper Cambrian by Oholus lamhorni.

The specific name is given in honor of Prof. Eugene A. Smith, State geologist of Alabama.

Formation and locality.—Lower Cambrian: (17b) Rome ("Montevallo") formation, 4 miles (6.4 km.) south of

Helena; and (56c) Rome {" Montevallo") formation, along road just north of Buck Creek, 1.125 miles {1.8 km.) northeast of

Helena; both, in Shelby County, Alabama.

Obolus tetonensis Walcott.

Plate IX, figures 5, 5a-d.

Obolus tetonensis Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 684. (Characterized and discussed as below as a

new species.)

Obolus tetonensis Walcott, 1905, idem, vol. 28, p. 327. (Copy of preceding reference, the species being given as new
and no reference being made to the preceding citation.)

The general form, convexity, and appearance of this species are so much like those of Oholus

matinalis (Hall) (PI. VIII) that a general description is unnecessary. It varies from that

species in the shorter, more transverse dorsal valve, and the narrower outline of the ventral valve

toward the beak.

This species occurs in great abundance in the thin-bedded limestone in the upper portion

of the Cambrian section of the Teton Range, Wyoming, in association with Billingsella colorado-

ensis (Shumard) and Llngulella (Lingulejns) acuminata meeki (Walcott). The forms from this

horizon are illustrated by Plate X, figures 5, 5a,, and 5b. What appears to be the same species

occurs nearly 700 feet lower in the section in a thin-bedded sandstone. Specimens from this

horizon are represented by Plate X, figures 5c and 5d. The dor=r,l valve (5d) is broader and
more transverse posteriorly than the dorsal valve from the u" : ."r horizon.

Tliis form owes its specific name to its occurrence in the Te.on Mountains of Wyoming.

Formation and locality.—Upper Cambrian : (161) Limestone or the south side of West Gallatin (Gallatin) River,

northwest of Hamilton on the north side of the Gallatin Valley; (152b) « east side of Dry Creek, below Pass Creek,

Threeforks quadrangle (U. S. Geol. Survey); and (148a) limestone of the Gallatin formation at the head of Bostwick

Canyon [Iddings and Weed, 1894, areal geology sheet^], in the Bridger Range, Livingston quadrangle (U. S. Geol.

Survey); all in Gallatin County, Montana.

Middle Cambrian: (4m) Sandstones about 150 feet (45.7 m.) aboAO the unconformable base of the Cambrian; and
(4e) limestones about 950 feet {289.6 m.) above the unconformable base of the Cambrian; both in the divide at the head of

Jackson Creek (locally known as Sheep Creek), a creek fiowing into Jackson Lake about 0.5 mile (0.8 km.) south of its

northwestern corner, Teton Mountains, Grand Teton quadrangle (U. S. Geol. Survey), Uinta County, Wyoming.
(4h) About 375 feet (114.3 m.) above the base of the Cambrian in limestone interliedded in the Flathead shales of

Peale [1893, p. 21], 1 mile (1.6 km.) north of the junction of East Gallatin and West Gallatin (Gallatin) rivers, 4 miles

(6.4 km.) east-northeast of Logan, Tln-eeforks quadrangle (U. S. Geol. Survejr), Gallatin County; and (4x) limestone

interbedded in the Wolsey shale [Weed, 1900, p. 285], at the base of a butte in Belt Park, about 6 miles (9.6 km.)
northwest of Neihart, Little Belt Mountains quadrangle (U. S. Geol. Sur\'ey), Cascade County; both in Montana.

(3e) Thin-bedded limestones less than 400 feet (121.9 m.) above the quartzitic sandstones of the Cambrian, at

Ophir, Oquii'rh Range, Tooele County, Utah.

(14x) About 400 feet (122 m.) above the bottom of Tombstone Gulch in the Abrigo limestone [Ransome, 1904, p. 3],

in the northwest suburb of Bisbee [Ransome, 1904, areal geology sheet], Cochise County, Arizona.

1 Obolus tetonensis leda Walcott.

Ohohis tetonensis leda Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 63. (Characterized as below as a new
variety.)

This is the Upper Cambrian representative of Oholus tetonensis Walcott of the Middle Cam-
brian of the Teton Mountains. Stratigraphically it occurs over 2,000 feet higher in the Cambrian

a This species is somewhat doubtfully identified from this locality.

t> Iddings, J. P., and Weed, W. H., Livingston folio (No. 1), Geol. Atlas U. S., U. S. Geol. Siurvey, 1894.

62667°—VOL 51, pt 1—12 27
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section, and the localities are 400 miles apart. The variety leda differs from the species in

having more numerous fine threadlike strise and in having the ventral valve on the average

more obtuse in old shells.

Formation and locality.—^Tipper Cambrian: (30m) About 1,950 feet (584,4 m.) above the Middle Cambrian
and 1,350 feet (411.5 m.) below the top of the Upper Cambrian in the siliceous limestones forming le of the Notch
Peak limestone [Walcott, 1908f, p. 175], on the slopes of Notch Peak, about 5 miles (8 km.) southwest of Marjum
Pass, House Range [Walcott, 1908f, PI. XIII], Millard- County, Utah.

Obolus tetonensis ninus Walcott.
u

Plate VIII, figures ll-o; Plate XI, figures 1, la-g.

Obolus tetonensis ninus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 328. (Characterized essentially asbelow as

a new variety.)

This variety differs from Oholus tetonensis Walcott and from 0. matinalis (Hall) by the

more elongate form of the dorsal valve and the more acuminate form of the ventral valve, the

cardinal slopes of the latter extending much farther forward in the variety ninus than in the

two species.

The advanced position of the visceral area in the ventral valve is shoMTi by Plate XI, figure

lb, and in the dorsal valve by Plate XI, figure Ig. The advanced position of the latter may be

compared with the visceral area of Oholus (Schmidtia) crassus Mickwitz.

Formation and locality.—TTpper Cambrian: (12m) Arbuckle limestone (in the section 7 miles (11.2 km.) north

of Springer this horizon is about 30 feet (9.1 m.) above the Reagan sandstone), NE. J sec. 2, T. 2 S., R. 1 E., Ardmore
quadrangle (U. S. Geol. Sm'vey), Carter County; (12k) limestones of the Reagan sandstone (in the section 7 miles

(11.2 km.) north of Springer this horizon is about 225 feet (69 m.) above the porphyry contact and 55 feet (17 m.)

below the Arbuckle limestone), on the west side of Honey Creek, near the southeast corner of sec. 35, T. 1 S.,

R. 1 E., Ardmore quadrangle (U. S. Geol. Sm'vey), Carter County; (12n) limestones of the Reagan sandstone (15

feet above 12k in the Springer section), NW. J sec. 1, T. 2 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Survey),

Carter County; and (12p) about 225 feet (69 m.) above the igneous rocks in the limestones of the Reagan sandstone,

at the northwest extremity of the Arbuckle Mountains, about 4 miles (6.4 km.) east of Hojner, Carter County; all in

Oklahoma.

(9q) About 10 feet (3 m.) above the porphyry contact and 90 feet (27.4 m.) below the Arbuckle limestone, in

limestones of the Reagan sandstone, in middle of W. J sec. 2, T. 4 N., R. 13 W.; (9p, 9r, and 9t)o,from 45 to 170 feet

(14 to 52 m.) above the porphyry contact, in the limestones of the Reagan sandstone, in SE. ^ NE. J sec. 2, T. 4 N.,

R. 13 W.; (9s) about 85 feet (26 m.) below the Arbuckle limestone in the limestones of the Reagan sandstone, near

middle of W. ^sec. 13, T. 4 N., R. 13 W.; and (9u) about 195 feet (59.4 m.) above the porphyry contact in the lime-

stones of the Reagan sandstone in SE. \ NE. \ sec. 2, T. 4 N., R. 13 W.; all about 15 miles (24.2 km.) northwest of

Fort Sill, Comanche County, Oklahoma.

(68) Interbedded sandstone and limestone, Packsaddle Mountain, Llano County, Texas.

(54w) Limestone of the St. Charles formation [Walcott, 1908a, p. 6], about 250 feet (76 m.) above the Middle Cam-

brian on the north side of Twomile Canyon, near its mouth, 2 miles (3.2 km. ) southeast of Malade, Oneida; County, Idaho.

Obolus ? torrentis Matthew.

Obolus torrentis Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 94, PL I, fig. 1. (Mentioned

as a new species.)

Obolus torrentis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p, 76, PI. VIII, fig. 1.

(Described and discussed as a new species. Fig. 1 is copied from fig. 1 of the preceding reference.)

The type material representing this form is too imperfect for specific determination. A
crushed and distorted dorsal valve, and the interior of a crushed ventral valve that suggests

Lingnlella triparilis (IMatthew) (PL XLV) are all Doctor Matthew sent me. Tlie difference in

stratigraphic horizon between the shales containing 0. ? torrentis and the shales bearing Lin-

gulella triparilis is not great, and but for the presence of an interbedded mass of "felsites" they

would probably have been considered as belonging to one formation.

The specific name is derived from its occurrence near the great falls (torrent) in Dugald
Brook.

Formation and locality.—Middle Cambrian: (13k) b Shales of Matthew's [1903, p. 15] Coldbrook, above the

great falls in Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

a 9r is the type locality.

!> The specimens to which Locality 13k was assigned were collected one year later than those described by Doctor Matthew [1902, p. 94]

but from the same locality.
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Obolus triangularis Mickwitz.

Obolus triangularis Mickwitz, 1896, Mem. Acad. imp. aci. St.-P6teisbourg, 8th ser., vol. 4, No. 2, pp. 14&-147, PL II,

figs. 7-9. (Described and discussed in German as a new species; see below for translation of diagnosis.)

Obolus triangularis iiwrnatus Mickwitz, 1896, idem, pp. 148-149, PI. II, figs. 10-12. (Described and discussed in

German as a new variety.)

Obolus triangularis Mickwitz, Moberg and Segbeberg, 1906, Medd. fra,n Lunds Geol. Faltklubb, Ser. B, No. 2 (Aftryck

ur K. Fysiografiska Sallskapets Handl., N. P., Bd. 17), p. 65. (New locality mentioned in Swedish.)

Obolus triangularis Mickwitz, WestbrgIrd, 1909, Medd. frta Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck ur K.

Fysiografiska Sallskapets Handl., N. F., Bd. 20), p. 56. (Locality mentioned in Swedish.)

The original description by Mickwitz follows:

Shells moderately large, slightly grooved, thin, brittle; outline of shell subtriangular, posterior border of shells

rectilinear, not winged; surface slightly shiny, concentric strise in fine ribs, which converge to the border of the shell,

either diverging or confluent, running somewhat irregularly, separated by deep, rounded grooves; radial strise

dwindling, indefinite. Area large, splanchnocoelic part broad, peduncular groove wide, parallel bordered, opening

toward the inside of the shell. Central groove of the large shell heart-shaped to subpentagonal, slightly swelled.

Median septum and lateral septa perceptibly developed. Sinus of small shell reaching nearly to the area, corneous

processes ridge-shaped. Combined central places for the attachment of muscles of the large shells are not prolonged

into grooves posteriorly.

Mickwitz states that the shells of this species are very thin and brittle and that in the

enormous mass of loose Oiolus conglomerate that he examined at Joa not one thick-shelled

specimen was found. The shell also occurs alone at Reval under the Obolus conglomerate,

and they are so delicate that they can not be taken from the matrix, although it is a very loose,

fine-grained sandstone. The thick shells of the Oholus conglomerate have a more confused

ornamentation and a somewhat wider form. The concentric ribs of the typical form have

the best development near the center of the shell, where they run together and are dotted ia

places with mdistinct knots formed by the intersection of the irregularly developed radial

strise with the concentric strise. He calls attention to the broad pedicle groove of the ventral

valve, which is of the same type as that of 0. panderi Mickwitz, and describes m detail the

interior marldngs of the valves.

The variety inornatus does not appear to me to be sufficiently distinct to be entered as a

variety.

Formation and locality.—TTpper Cambrian: (395g) Obolus conglomerate at Joa, near Jegelecht, 12 miles

{19 .3 km.) east of Reval; (3951) Obolus conglomerate at Ilgast; and (3361) sandstone below the Obolus conglomerate

proper, at Reval; all [Mickwitz, 1896, p. 147] in the Government of Esthonia, Russia.

(9d) Obolus sandstone at Jaggowal, about 20 miles (32 km.) east-southeast of Reval, Government of Esthonia,

Russia.

(SlOn) Obolus sandstone? [Moberg and Segerberg, 1906, p. 65], in Dalarne, Province of Kopparberg, Sweden.

^ Obolus volboethi Mickwitz.

Obolus volborthi Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 155-157, PL II,

figs. 16-17. (Described and discussed in German as a new species.)

This species is separated from 0. eicJiwaldi Mickwitz on the difference in the character

of the surface. Of this species only tln-ee fragments have been found. According to Mick-

witz, it is distinguished from 0. eichwaldi by its oval outline and pronounced inclination of

the beak. He gives a detailed description and comparison, to which the student is referred.

The specific name was given in honor of Dr. A. von Volborth.

Formation and locality.—Upper Cambrian: (395 [Mickwitz, 1896, p. 157]) Obolus sandstone at Joa, neat

Jegelecht, 12 miles (19.3 km.) east of Reval, Government of Esthonia, Russia.
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Obolus willisi (Walcott).

Plate XXIII, figures 1, la-j.

Obolus {Lingulella) willisi Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 418-419. (Described and discussed

as below as a new species.)

General form broadly ovate, with the ventral valve obtusely acuminate and the dorsal

valve almost transversely ovate, the posterior margin being very broadly obtuse ; convexity

moderate m the specimens preserved in the calcareous sandstone. Surface of shell marked

by concentric lines and strise of growth, with very fine irregular strise between them; a few

specimens show very narrow, shghtly irregular, interrupted, radiating ridges or undulations

(PI. XXIII, fig. Ij); inner surface of the shell more or less strongly pitted or punctate. This

character varies greatly in casts from the same layer of shale, as may be seen by comparing

Plate XXIII, figure lb, where it is extreme, with Plate XXIII, figures la, le, and Ih. The
shell, as preserved in the argillaceous shale, is relatively thin.

The largest ventral valve, which is shortened slightly by distortion, has a length of 10

mm.; width, 8.5 mm. A well-preserved dorsal valve 8.5 mm. in length has the same width,

while another associated dorsal valve 6.5 mm. in length has a width of 7 mm.
As shown in the casts, the area of the ventral valve is rather long and is divided midway

by a strong cast of the pedicle furrow, and again midway between the pedicle furrow and the

lateral margins by a well-defined flexure line; fine strise of growth cross the area parallel

with its base. The area of the dorsal valve is relatively short and extends far out onto the

cardinal slopes; it is marked by clearly defined but not strong flexure lines. Casts of the

interior of the ventral valve show traces of the visceral cavity (v) and the main vascular

sinuses (vs). In the dorsal valve a narrow median septum is all that is shown, with the excep-

tion of faint indications of the central and anterior lateral scars (h and j) (PI. XXIII, fig. Ig)

and what appears to be the transmedian (i) (PI. XXIII, fig. le).

Observations.—^This species was at first compared with Oiolus larnborni (Meek) (PI. XXII).

Like that, it has a strongly pitted or piuictate inner surface, and the ventral valve has the

same general outline. The dorsal valve, however, is much more transverse and obtuse, and

the central muscle scars in the dorsal valve appear to be somewhat differently located.

This species has considerable vertical range; some of the specimens associated with the

Middle Cambrian fauna m the Conasauga shale are very much hke 0. lamhorni from the

RogersviUe shale of Tennessee.

I take pleasure in naming the species in honor of Mr. Bailey Willis, who for a considerable

time had charge of the work in the region where these specimens were collected by Dr. Cooper

Curtice.

Formation and locamty.—Upper Cambrian: (93) Shales and limestones at the base of the Knox dolomite,

near Jordan's, just below the ford on Cowan Creek; (93n) shales in the southern part of Jordan's farm, near Jordan's

crossroads; and (93x) shales on the Clarke farm, near the ford across Cowan Creek, about 2 miles (3.2 km.) north of

Jordan's crossroads; all about 8 miles (12.8 km.) southeast of Center, Cherokee County, Alabama.

(96b) Shales in a raihoad cut on the Southern Railway, near Cave Spring, 10 miles (16.1 km.) southwest of

Rome, Floyd County, Georgia.

(122) Shale southwest of Town Knobs, 1 mile (1.6 km.) northwest of RogersviUe, Hawkins County, Tennessee.

Middle Cambrian: (146) Conasauga shale on the Jacksonville road, 8 miles (12.8 km.) east of Center; (91) Cona-

sauga shale at Cedar Bluff; (94) shales 0.25 mile (0.4 km.) beyond Steel Ford, Cowan Creek, about 8 miles (12.8 km.)

southeast of Center; and (94a) Conasauga shale, in Coosa Valley, east of Center; all in Cherokee County, Alabama.

(140a) Shales 200 yards (182.9 m.) east of Thomas Mills, 5 miles (8 km.) north of Cave Spring [Hayes, 1902, his-

torical geology sheet], Floyd County, Georgia.

(101b) RogersviUe shale, just east of the schoolhouse, 3.5 miles (5.6 km.) southwest of RogersviUe, on the road

to Melinda Ferry [Keith, 1896a, areal geology sheet], Hawkins County; (107a and 107b) shales and sandstone of the

Rome formation in railroad cut in Bull Run, northwest of Copper Ridge [Keith, 1896b, areal geology sheet], 11 miles

(17.6 km.) northwest of Knoxville, Knox County; (14a) sandstone of the Rome formation along First Creek Gap,

4 miles (6.4 km.) north-northeast of Knoxville [Keith, 1905, areal geology sheet], Knox County; (106a) reddish-brown

shales in middle of valley east of Shooks Ridge, in Bays Mountains, 10 miles (16.1 km.) southeast of Knoxville, Knox
County; (374e) shales collected near the State line, 2.25 miles (3.6 km.) north of Peltier, Estillville quadrangle (U. S.

Geol. Survey), Sullivan County; and (121) RogersviUe shale, road just east of Harlan Knob, 4 miles (6.4 km.)

northeast of RogersviUe [Keith, 1905, areal geology sheet], Hawkins County; all in Tennessee.
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i

Obolus woetheni Walcott.

Text figures 39A-D; Plate IX, figure 5e.

C D
FiGUKE 39.—Obolus wortheni Walcott A, Exterior of ventral valve (U. S. Nat. Mus. Cat. No. 51638b).

B, Exterior of dorsal valve (U. S. Nat. Mus. Cat. No. 51C38c). C, Interior of ventral valve (U. S. Nat.

Mus. Cat. No. 52431). D, Interior of ventral valve (U. S. Nat. Mus. Cat. No. 51638d).

The specimens represented by figures 39A, 39B, and 39D are from Locality 54u, tliat represented by
figure 39C is from Locality 64t, both near Malade, Idaho.

Obohis wortheni Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 63-64, PI. VII, fig. 17. (Described and dis-

cussed as below as a new species. Fig. 17, the type specimen, is copied in this monograph, PI. IX, fig. 5e.)

General form subcircular, with the A'entral valve very obtusely acuminate and the dorsal

valve slightly transverse;- both valves slightly convex. Ventral valve with the beak at the

posterior margin, Avhich rises slightly from the general plane of the margin of the valve; the

minute beak of the dorsal valve is at the posterior margin.

Surface marked by sharp, fine, concentric strife and fine imbricating lines of growth; on

some shells low, irregular, more or less obscure and interrupted radiating ridges occur. Shell

of medium thickness and built up of several layers or lamellae. The average diameter of the

valves is 3 mm.
The interior of the ventral valve shows a short flat area divided midway by a narrow

pedicle furrow; the visceral area, which is about one-third the length of the valve, is shown
only in outline; the

main vascular sinuses
are strong and situ-

ated about midway
between the median

line and the lateral

margins of the valve

;

the surface outside

the visceral area in

both valves ismarked
by fine co acentric

furrows and large scattered punctte, much like those of Oholus ( Westonia) escasoni (Matthew)

(PI. XLIX, figs, la and laa). The interior of the dorsal valve has a short area with a broad

pedicle groove ; strong curved main vascular sinuses extend from beneath the area well toward

the front of the valve; they are subparallel to the margin and are situated about one-third the

distance from the margia to the median line of the valve; the visceral area is outlined in about

one-half the length of the valve; a narrow, deep sinus extends from each side of the anterior

end and then curves outward to the front margin (PI. IX, fig. 5e).

Observations.—-This shell was at first thought to be the young of Oholus tetonensis Walcott,

but with the finding of a good series it was found to have a nearly circular ventral valve instead

of subacuminate as in 0. tetonensis, and it is less convex in the same character of matrix. In

form Oholus wortheni resembles Oholus discoideus (Hall and Whitfield) (PI. XVIII, figs. 6, 6a-d),

but it differs in being more circular in outline and in having a thinner shell.

The specific name was given in honor of A. PI. Worthen.

Formation and locality.—Upper Cambrian: (5a, 6c, 54t, and 54;w) Limestone about 250 feet (76 m.) above the

Middle Cambrian; (54x) limestone about 200 feet (60.4 m.) above the Middle Cambrian; and (54u) limestone about

100 feet {30.2 m.) above the Middle Cambrian; all in the St. Charles formation [Walcott, 1908a, p. 6], on the north

side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, Idaho.

Middle Cambrian: (54v) Limestone in the lower part of the Bloomington formation fV^'alcott, 1908a, p. 7], about

1,600 feet (488 m.) below the Upper Cambrian, on the south side of Twomile Canyon, near its mouth, 2 miles (3.2 km.)
southeast of Malade, Oneida County, Idaho.

Obolxjs zetus (Walcott).

Plate XXV, figures 3, 3a-c.

Obolus (Linf/ulella) zetus W.iloott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 419. (Characterized and discussed as

below as a new species.)

This is a small shell that has somewhat the general form of Oholus lamhorni (Meek).

It differs, however, in being more transverse across the front, in having a broad, shallow
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depression in the dorsal valve, and also in being flattened across the center of the ventral valve.

It occurs at a higher horizon than Oholus (Westonia) chuarensis (Walcott), 0. {W.) euglyphus

(Walcott), and Lingulella lineolata (Walcott) of the upper beds of the "Tonto" sandstone. It

has more the form of the true Oholus than those species, but its shell is relatively thin and
marked by fine radiating strise. All of its essential characters are well shown by the figures

illustrating the species.

Formation and locality.—Tipper Cambrian: (75) Thin-bedded limestones just below the base of the Ordovician

in the Tonto group, near the water's edge at the mouth of Kanab Canyon, Grand Canyon of the Colorado, Arizona.

Middle Cambrian : (74) Sandstone about 300 feet {91.4 m,.) above the base of the Tonto group, at the head of Nunhoweap
Valley, Orand Canyon of the Colorado, Arizona.

(358b) Limestone on the southwest side of Escabrosa Ridge, 4.5 miles (7.2 km.) west-southwest of Bisbee, Arizona.

Obolus ? zoppi Walcott.

Plate XXX, figures 16, 16a-b.

Obolella crassa Bornemann [not Hall], 1891, Nova Acta Acad. Caes. Leop.-Carol. Germanicae Naturae Curiosorum,

Bd. 56, No. 3, pp. 439-440, PI. XIX, figs. 15-17. (Described and discussed in German; see below for translation.

Figs. 16, 17a, and 17b are copied in this monograph, PI. XXX, figs. 16a, 16, and 16b, respectively, 16b being

the side view of the specimen represented by fig. 16.)

Obolus f zoppi Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 684-685. (Original description translated and species

discussed as below as a new species.)

The original description by Bornemann follows

:

Broadly oval or circular, with somewhat pointed vertex. Shells strongly arched, one somewhat more so than the

other. They are marked with prominent concentric lines; no radial striation is noticed. Found in a red-yellow

sandstone layer not far from the houses of Canal Grande on the road to Punta Pintau, Sardinia.

In view of the imperfect state of preservation, a determination can only be based on the outer form, whose habit

agrees with the American species from the Cambrian limestone of Troy.

Bornemann kindly sent me two specimens of this form. They suggest Oholella crassa (Hall)

in form and outline, but the material is too imperfect to identify the species or genus. I find

in one specimen indications of the presence of a high area that rises slightly above the plane

of the ventral valve. In two casts there is nothing to suggest the cast of the pedicle aperture,

which is usually well preserved in casts of the ventral valve of specimens of Obolella atlantica

Walcott. As the material is probably from the Middle Cambrian, a provisional reference is made
to Oholus.

Formation and locality.—Middle Cambrian: (354f [Bornemann, 1891, p. 439])" Reddish-yellow sandstone near

the houses of Canal Grande on the road to Punta Pintau, island of Sardinia, Italy.

Obolus sp. undt. a.

f

Plate X, figure 4.

A small Oholus-like shell, which occurs in the dark argillaceous shales above the Upper
Cambrian zone of eastern New York, resembles in outline Oholus (Broggeria) salteri (HoU)

(PI. XIII) of England and Sweden. All the specimens are flattened in the shale. No distinc-

tive specific characters except a series of well-defined concentric striae are shown.

Formation and locality.—Ordovician: (338v) Shale 1 mile (1.6 km.) southwest of Middle Granville, Mettawee
quadrangle (U. S. Geol. Survey), Washington County, New York.

Obolus sp. undt. b.

A small shell marked by very distinct concentric striae and very faint radiating striae occurs

at the following locality. The material is too imperfect for illustration.

Formation and locality.—Upper ? Cambrian: (7n) Limestone at Hornet Spring in the Spring Mountain Range,

on road from Indian Spring to Pahrump Valley, Lincoln County, Nevada.

a Specimens from this locality are included in the collections o( the United States National Musemn

.
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, i^ Obolus sp. undt. c.

An exfoliated dorsal valve, probably belonging to the genus Ohohis, occurs at the following

locality. The specimen is too imperfect for identification.

Formation and locality.—Ordovician: (214a) Limestone near the base of the Pogonip limestone in the White
Pine district, White Pine County, Nevada.

^

Obolus sp. undt. d.

In the conglomerate limestone near Highgate Falls, Vermont, I collected a single specimen
of the ventral valve of a species of Oholus not unlike the ventral valve of Oholus mxra (Hall

and Whitfield) (PL X) of the E.ocky Mountain region.

Its surface is marked by numerous fine radiating striae and by distiact, concentric, lamellose

lines of growth. The fossils associated with it in the same fragment of limestone indicate the

Upper Cambrian horizon.

Formation and locality.—TTpper Cambrian: (87') Conglomeratic limestone 1 mile (1.6 km.) south-southwest of

Highgate Falls, Franklin County, Vermont.

Obolus sp. undt. e.

1

Plate XV, figui-e 8.

Obolus sp. Kayser, 1876, Beitrage zur Geologie und Paleontologie der argentinischen Republik, vol. 2, Paleontol. Theil,

Abth. 1, pp. 9-10, PL I, fig. 14. (Described and discussed in German. Fig. 14 is copied in this monograph,
PL XV, fig. 8.)

This form is illustrated by a single specimen of what appears to be the ventral valve.

Kayser [1876, p. 9] states that most of the specimens are mere fragments and only the genus
can be determined. He suggests that it may be Oholella, but from our present knowledge of

that genus it is not probable. The figure recalls forms of Obolus matinalis (Hall) and 0. anceps

Walcott.

Formation and locality.—^Upper Cambrian: (389b [Kayser, 1876, p. 9]) Sandstone at Tilcuya, Province of Jujuy,

Argentina, South America.

Obolus 1 sp. undt. f.

Plate XV, figure 9.

Lingulella sp. Kayser, 1883, China, by Richthofen, vol. 4, p. 35, PL III, fig. 2. (Characterized and discussed in

German. Fig. 2 is copied in this monograph, PL XV, fig. 9.)

Kayser [1883, p. 35] states that the remains of this species available for study are too

imperfect to permit accurate description and comparison. The shell preserves traces of radial

striation and strong concentric strise of growth. Attention is called to the fact that it has a

somewhat similar outline to Lingulella nathorsti Linnarsson (PL XXXI).
The resemblance to the Oholus described by Kayser [1876, p. 9] from Tilcuya, Argentina, is

noticeable, and like that species it recalls Oholus matinalis (PL VIII). Comparison should also

be made with Dicellomus politus (Hall).

Formation and locality.—Upper Cambrian: (332 [Kayser, 1883, p. 35]) Limestone at Saimaki, Province of

Liaotung, China.

Obolus sp. undt. g.

Obolus (?) sp. indet., Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, p. 16, PL III,

fig. 31. (Described and discussed in English. See below for copy of description.)

The original description by Limiarsson follows

:

Because of its general shape, I refer to the genus Obolus a species of which the materials are very unsatisfactory,

so that I will not create for it a specific name, though it is easily distinguished from all the primordial Brachiopoda of

Sweden. The best specimen is an interior, somewhat mutilated anteriorly, and with the innermost shell layers partly

exfoliated . Its width is 16 mm
.

, the length about 14mm . The shell is very slightly convex ; i ts circumference resembles

a sector of a circle; the front is broadly rounded; the slopes forming the beak seem to be nearly straight, and make a
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somewhat obtuse angle. The surface is not well preserved in any specimen; judging, however, from some small frag-

ments, I should think that a concentric striation is prevailing, but that there are also radiating ribs. In the inner

shell layers little more than a longitudinal striation is seen; the innermost are perforated by small punctiform pits.

The inner layers are polished and glossy; the outermost seems to be opaque.

Formation and locality.—Middle Cambrian: (3201 [Linnarsson, 1876, p. 16]) Drift blocks supposed to have come
from the Paradoxides xlandicus zone [lannarsson, 1876, p. 6], at Lillviken, near Oestersund, Province of Jemtland,

Sweden.
BBOGGEBIA Walcott," subgenus of OBOLXTS.

Obohis {Broggeria) Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 605. (Characterized as below as a new subgenus.)

Obolus (Broggeria) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification

of genus.)

This subgenus differs from the typical forms of Oholus in having a very deep visceral

depression in both valves and a minutely punctate interior surface. A series of shells showing

the effect of compression on the appearance of the interior casts of the valves is illustrated on

Plate XIII.

Type.—Oiolella salteri Holl.

The generic name was given in honor of Dr. W. C. Brogger.

Obolus (Broggeria) salteri (Holl).
l_

Plate XIII, figures 1, la-n; Plate XV, figures 4, 4a-d.

Obolella salteri Holl, 1865, Quart. Jour. Geol. Soc. London, vol. 21, pt. 1, p. 102, figs. 9a-b. (Described as a new
species; see below for copy. Figs. 9a-b are copied in this monograph, PL XV, fig. 4.)

Obolella salteri Holl?, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, pp. 61-62, PL IV, figs. 28 and

29. (Original description, Holl, 1865, p. 102, copied and species discussed. Fig. 28 is copied from Holl, 1865,

figs, 9a-b.)

Obolella? salteri Holl, Davidson, 1868, Geol. Mag., vol. 5, p. 311, PL XVI, figs. 8-9. (Discussed.)

Oboljis f salteri (Holl), Dall, 1870, Am. Jour. Conchology, 2d ser., vol. 6, pt. 2, p. 163. (Discussed.)

Obolella salteri Holl, Phillips, 1871, Geology of Oxford and the Valley of the Thames, p. 68, Diagram XVII, fig. 11.

(No text references.)

Obolus salteri (Holl^, Brogger, 1882, Die silurischen Etagen 2 und 3, pp. 44-45, PL X, figs. 10, 11, and 13. (Localities

mentioned in German. The specimen represented by fig. 10 is redrawn in this monograph, PL XIII, fig. Im.)

Obolus f salteri (Holl), Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, p. 19. (Discussed

in German.)

Obolella (?) salteri Holl, Matlet, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, pp. 139-140, figs. 3-6, p. 138.

(Described and discussed.)

Obolus (Broggeria) salteri (Holl), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 605-606. (Original description,

Holl, 1865, p. 102, copied as below, and species discussed essentially as below.)

Obolus (Broggeria) salteri (Holl), Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Paltklubb, Ser. B, No. 2

(Aftryck ur K. Fysiografiska Siillskapets HandL, N. F., Bd. 17), p. 64, PL I, figs, 27-30. (Described and dis-

cussed in Swedish.)

Obolus (Broggeria) salteri var.? WesterqArd, 1909, Medd. friin Lunds Geol. Faltklubb, Ser. B., No. 4 (Aftryck ur K.

Fysiografiska Siillskapets HandL, N. F., Bd. 20), p. 56, PL II, figs. 17-19. (Discussed in Swedish. Figs. 17

and 18 are copied from Moberg and Segerberg, 1906, PL I, figs. 28 and 27, respectively.)

The original description by Holl follows:

Compressed, subtriangular to nearly round, rather broader than long; shell thin; surface grooved concentrically

by a few inequidistant, strongly marked lines of growth and by numerous finer lines which are distinct only on the

sides of the shell. Length usually about one-third inch, width slightly more.

Position.—In the Black Shales.

Brogger [1882, PL X, figs. 10, 11, and 13] identified this species from both the Oeratopyge slate

and the Oeratopyge limestone of Sweden. The specimen from the limestone is very beautifully

preserved and appears to be the dorsal valve of this species.

a The synonymy for this subgenus does not give a complete record o! the various genera under which the species now included in Broggeria were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed:

Obolella Holl [1865, p. 102).

Obolella Davidson [1866, p. 61; 1868, p. 163].

Obolus? Dall [1870, p. 163].

Obolella Phillips [1871, p. 68].

Obolus Brogger [1882, p. 44].

Obolus? Mickwitz [1896, p. 19].

Obolella ? Matley [1902, p. 139].

Obolus (Broggeria) Moberg and Segerberg [1906, p. 64).
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I find in the limestone from Slemmestad a broad form of the ventral valve that closely

resembles in outline and surface the shell illustrated by Brogger as "Lingula sp." [Brogger,

1882, PI. X, fig. 9], and I think that the specimen represented by figure 12 of the same reference

("Lingula sp.") may also belong to this species.

Through the courtesy of Doctor Brogger, I studied the material representing this species

collected in Norway, including the fine interior of the dorsal valve illustrated on Plate XIII,

figure Im, of this monograph.
In a collection kindly sent me by Dr. G. Lindstrom I find two ventral valves (PI. XV,

figs. 4a and 4b) from the black shale of Skane, but it is in the collection made by Mr. Schmalensee

that specimens occur showing the casts of the interior of the dorsal valve. These have the

imprint of the central visceral area, the large vascular sinuses, and the area (PL XV, fig. 4c).

A cast (PI. XIII, fig. lb) of an uncompressed shell proves that the visceral area was short and
relatively small. Comparing the latter figure with Plate XIII, figure Im, I am led to conclude

that the latter is a partly exfoliated specimen preserving the vascular markings on the thin

inner layers of the shell.

In Cape Breton this species occurs abundantly in association with Lingulella concinna

Matthew and Acrotreta hisecta Matthew. The shells are all compressed in the shale, but a

direct comparison of the interiors of the valves of specimens from Cape Breton and the Cera-

topyge shales of Sweden shows the two to be identical in all characters except the length of the

area and pedicle groove. The Cape Breton shells have a longer area, but whether or not this is

due to the conditions of preservation I am unable to decide, as the material from Sweden is

very imperfect about the area. On one of the Cape Breton shells the fine punctse of the

interior surface are clearly shown.

The specific name was given in honor of Mr. J. W. Salter.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (8x) Ceratopyge

limestone at Slemmestad, about 3 miles (4.8 km.) southwest of Christiania; (323i [Brogger, 1S82, description of PI. X])

Phyllograptus slate at Krekling, in Sandsvar; (333e [Christiania Univ. Min. Inst.]) Ceratopyge limestone (Etage Saj-

of Brogger) at Engervik, in the Christiania region; (323f [Brogger, 1882, pp. 16-17]) lower part of the Ceratopyge lime-

stone at Vestfossen, 10 miles (16.1 km.) west-southwest of Christiania; and (323h [Brogger, 1882, p. 17]) blue Ceratopyge

limestone (a higher horizon than 323f) at Vestfossen, 10 miles (16.1 km.) west-southwest of Christiania; all in Norway.
(309 [Moberg and Segerberg, 1906, description of PI. 1]) Ceratopyge limestone (zone 4 of Moberg and Segerberg)

at Fogelsang, 5 miles (8 km.) east of Lund; and (323j [Brogger, 1882, p. 44]) Ceratopyge limestone at Tosterup; both in

the Province of Malmohus, Sweden.

Upper Cambrian: (304e [Davidson, 1S66, p. 62]) Upper part of the black "White Leaved Oak" shales at Coal Hill,

east end of the Malvern Hilh; and (304a [Groom, 1902, p. 110]) "Bronsil" shales in the Malvern Hills; both between
Herefordshire and Worcestershire, England.

(3c[) Shale in Barachois Glen, 4 mOes (6.4 km.) south of Little Bras d'Or Lake; (10c) shale on west side of Bara-

chois River; (lOd) shales on west side of Ba.rachois River, 0.125 mile (0.2 km.) north of Boisdale road, opposite McMul-
lin's place; (lOm) shales 2 miles (3.2 km.) south of the Boisdale road from Upper Leitches Creek, toward the head
of Barachois Pviver; (lOe, lOf, and lOg) shales on the east branch of Barachois River, 0.5 mile (0.8 km.) north of the

crossroad from Boisdale to Upper Leitches Creek; (lOi) shale in high bank on west side of Barachois River, just north

of the Boisdale road; (101) shale on east bank of Barachois River, 6 miles (9.6 km.) from Little Bras d'Or Lake; (3h)

shale and shaly limestone on McNeil Brook, 1.5 miles (2.4 km.) east of Marion Bridge; (lOn) shale in ravine on east side

of Barachois Glen, 3 miles (4.8 km.) from Barachois; (13h) shale on east bank of Barachois River, 1.5 miles (2.4 km.)

north of Boisdale; and (lOr) arenaceous shales of Division C3a? of Matthew at McAdam Shore, East Bay, east of Bras

d'Or Lake; all in eastern Cape Breton, Nova Scotia.

(323w) Black argillaceous shale of Etage 3a/9 at Christiania, Norway.

(3901) Limestone band in Ceratopyge slate at Borgholm; (309j) shale at Alunbruk (alum works); (310d) Ceratopyge

slate at Borgholm; and (321x) Dictyograptus slate at Alunbruk (alum works); all on Oeland Island, Sweden.

(390g [Moberg and Segerberg, 1906, p. 64]) « Limestone in the Dictyograptus slate at Sandby, 6 miles (9-6 km.) east-

northeast of Lund; (300h) limestones of the Dictyograptus fiahelUformis zone at Fogelsang, 5 miles (8 km.) east of Lund;
(323k [Brogger, 1882, p. 44]) Ceratopyge slate at Tosterup; and (309i) limestones at Sandby, 6 miles (9.6 km.) east-

northeast of Lund; all in the Province of Malmohus, Sweden.

Upper? Cambrian: (3091) Shale collected somewhere in Sweden, exact locality unknown; and (310h) shale col-

lected somewhere (probably Fogelsang) in the old province of Skane, now the Provinces of Malmohus and Christianstad;

both in Sweden.

a Specimens from this locality are included in the collections of the United States National Museum.
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PALaiOBOLTJS Matthew.a subgenus of OBOLTTS.

[jraiaids; aucient; and Obolus.]

Palxobolus Matissw, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, pp. 201-202. (Described and
discussed as a new subgenus, likely of Obolus, though that does not appear in the text.)

Palxobolus Mattsev , 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 140-141. (Copies the

first paragraph of the preceding reference and mentions the form as a subgenus. On subsequent pages (144

and 146) the name occurs as Obolus {Palsiobolus).)

Obolus (Palxobolus) (Matthew), Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 144.

(Classification of subgenus.)

Characterized by an approximation of the main vascular canals and surface markings.

The surface is of the same type as that of Oiolus (Acritis) antiquissimus (Eichwald) (PI. XIII),

but the position of the visceral cavity and vascular canals differs materially in the two forms.

Type.—Palseoholus hretonensis Matthew.

Obolus (Palxobolus) beetonensis (Matthew).

Plate XXXII, figures 5, 5a-g.

Palxobolus bretonensis Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, p. 202, PI. II, figs.

2a-i. (Described and discussed. The first reference, though it is not described as a new species.)

Obolus bretonensis Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 95, PL I, figs. 5a-€. (Char-

acterized. Figs. 5a-e are copied from Matthew, 1899, PL II, figs. 2a-e.)

Palxobolus bretonensis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 141-143, PL
IX, figs. 2a-h. (Original description, Matthew, 1899, p. 202, copied and species redescribed and discussed.

The species is mentioned on p. 143 as Obolus bretonensis. Figs. 2a-h of this reference are copied from Matthew,

1899, PL II, figs. 2a-e, 2i, 2g, and 2h. Some of the specimens used by Matthew in preparing his illustrations are

copied in PI. XXXII of this monograph. Close identification is impossible, but figs. 5, 5b, 5c, and 5e of PL
XXXII may represent the specimens used by Matthew for figs. 2b, 2d, 2a, and 2e, respectively, of PL IX of his

paper.)

General form rounded ovate, with the ventral valve subacuminate and the dorsal valve

sometimes transversely ovate, the cardinal slope meeting at the beak to form a very broad

angle. Valves moderately convex in all specimens examined. Surface of shell marked by
strong, sharp, elevated, concentric ridges that merge into each other more or less toward the

posterolateral edges of the shell, where they terminate on the margin (PL XXXII, fig. 5c);

the space between the ridges slopes rapidly down into the rounded hoUow and more gently up
the anterior slope, which gives the effect of a subimbricated siu-face to the shell; fine radiating

strise mark the space between the ridges, and some of the better-preserved ridges are marked
by faint depressed strise; the irregularity of the ridges is most marked where they inosculate,

especially toward the sides; the inner layers of the shell are marked by concentric lines of

growth and fine radiating striae, and the inner surface by both sets of strise and munerous strong

pits scattered over the surface and gathered like beads on the concentric growth lines. The
shell is formed of the usual thin outer layer and numerous inner layers or lamellae, but it is

usually compressed in the shaty, impure sandstone so as to destroy the details of its lamellated

character. The size and relative proportion of the valves are shown by the illustrations.

Casts of the interior of the ventral valve show a well-defined area that extends weU out

on the cardinal slopes; it is divided midway by a strong pedicle groove and again by a clear

but not prominent flexure line; it is also marked by rather strong growth lines parallel to its

base. Casts of the area of the dorsal valve show a rather strong area marked by lines of growth.

The casts of the interior of the valves show (a) a trace of the visceral area of the ventral valve,

(b) the position of the posterior of the main vascular sinuses in the ventral valve, and (c) a sharp

median ridge and the bifurcation of the scars left by the vessels in front of the anterior lateral

muscle scars in the dorsal valve anterior to the parietal line. The only traces of the muscle

scars are in the dorsal valve, where the centrals and small anterior laterals are faintly shown

o The synonymy for this subgenus includes only those references in whicti the subgenus is discussed or described. To complete the record

the following mere references are listed;

Obolus Matthew [1902c, pp. 94 and 95]. Obolus (Palxobolus) Matthew [1903, pp. 144 and 146).



OBOLID^. 427

in an elongated shell (PI. XXXII, fig. 5e). The approximation in position of the main vascular

trunks is an tmusual feature but one that, o\ving to the state of preservation of the material, is

not altogether satisfactorily determined.

Observation.—This is a most interesting species and it is to be regretted that better material

has not been found to illustrate the interior of the valves. The outer surface at once suggests

comparison with Oholus (Acritis) antiquissimus (Eichwald) (PI. XIII), but that species has a

strong convex form and a short visceral cavity that is peculiar to it and that caused Mickwitz

[1896, p. 205] to retaia Acritis as a subgenus. The size and position of the visceral cavity is

normal for the genus. Matthew [1899, PL II, fig. 2e] gives a diagrammatic figure of the dorsal

valve in which he places large muscle scars far forward into the valve. A careful study of his

specmien shows that the vascular canal in front of the anterior lateral scars bifurcates about

the center of the shell. Another specimen laterally compressed (PL XXXII, fig. 5e) shows the

central muscle scars in about the center of the shell despite the distortion of the shell. The
positions given them by Matthew [1899, PL II] in the broad form of the shell appear to have

been decided by their position in the compressed elongated shell; the same is also true of the

strong median ridge in his figure 2e.

Matthew [1899, p. 201] proposes the subgenus Palxobolus for this species on accoimt of the

"close approximation of the vascular trunks" on the ventral valve. Tliis character is shown
in shells elongated and compressed laterally, but even by making allowance for compression

they are closer than in other forms of the genus.

The specific name is derived from Cape Breton.

Formation and locality.—Middle Cambrian: (13d') Sandstones opposite the third waterfall in Dugald Brook,

between divisions E2a and E2b; (lOp) sandstones just below the waterfall in Divisioli E2b; (131' and 344i [Matthew,

1903, p. 143]) sandy shales of Division E3a; and (13n" and 344b [Matthew, 1903, p. 142])<^ Sandy shales of Division

JESd; all in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, Cape Breton, Nova Scotia.

(344c [Matthew, 1903, p. 142]) Sandy shales of Division E3d of Matthew's Etcheminian, on Gregwa Brook, Indian

Hiver valley; (lOp") sandstone on the small brook on the hill between the bridge over Indian River and McPhees
Brook; and (lOr) arenaceous shales of Division C3a? of Matthew at McAdam Shore, East Bay, east of Bras d'Or Lake;

all in eastern Cape Breton, Nova Scotia.

Obolus (Palxobolus) bretonensis lens (Matthew).

Oholus lens-primus Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, pp. 94-9.5. (Char-

acterized. This is the first reference to this variety.)

Obolus lens Matthew, 1902, idem, p. 9-5, PI. I, figs. 6a-f. (Characterized.)

Obolus (Palxobolus) lens Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 144-146,

PI. X, figs. la-f. (Described and discussed. Figs, la-f are copied from figs. 6a-f, respectively, of the preced-

ing reference.)

Obolus (Palseobolus) lens longus Matthew, 1903, idem, pp. 146-147, PL VII, figs. 4a-b. (Described and discussed as

a new variety.)

Matthew [1902b, p. 95] gives a specific value to the difference in the number and closeness

of the concentric striae on the surface of the shell, but from a study of the types of Obolus {Palx-

cbolus) hretonensis and material representing the surface of 0. (P.) lens I do not think lens is

more than a variety of bretonensis. The variety longus is based on specimens that have been
compressed laterally to such an extent as to lose their original outline. With the types before

me I do not feel justified in assigning them as a variety distinct from the variety lens -with

which tliey are associated. 0. (P.) bretonensis occurs in beds between layers containing the

variety lens.

Loper collected a number of specimens of a shell that may be referred to the variety lens

in Matthew's assise 2c, in which the concentric striae, or ridges are very fine on the umbo, grad-
ually becoming coarser toward the front, where they are of the size of the average in the typical

forms of 0. (P.) bretonensis. These shells also vary in outline so as to include the variety
longus. In a layer just below that containing these shells he found a single shell with concentric
ridges stronger and coarser than the average of 0. (P.) bretonensis.

'344b is the type locality.
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Matthew [1892, p. 94] uses the name Oholus lens-primus for a small shell of this species

which was found in a lower layer of rock. The form is not illustrated or described in his larger

work [Matthew, 1903], and I could not discover from the specimen that it was anything more

than a young shell of the variety lens.

Formation and locality.—Middle Cambrian: (13e) Sandstones of Division E2c; (131 and 344i [Matthew, 1903,

p. 80]) sandy shales of Division E3a; (344 [Matthew, 1903, p. 144]) sandy shales of Division E3b; and (ISn')" sand-

stones of Division E3e: all in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape

Breton, Nova Scotia.

(13m) Sandstones of Division ESf of Matthew's [1903, p. 76] Etcheminian, on Gillis Brook, Indian River, eastern

Cape Breton, Nova Scotia.

FOBDINIA Walcott, subgenus of OBOIiTJS.

Elkania Ford, Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 321-323. (Described and discussed; see

under Elkania, p. 561, for copy. The text includes reference to species now placed under both Elkania and

Obolus (Fordinia).)

Obolus (Fordinia) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 64-65. (Characterized and discussed

as below as a new subgenus.)

Obolus (Fordinia) Walcott, 1908, idem. No. 4, PI. XI, and pp. 142 and 144. (Classification of subgenus.)

This subgenus of Oholus is proposed for species having a Lingulella-like outline and form

with the development of a tendency to form a platform or thickening in the valves in connec-

tion Avith tlie attachment of the muscles in the ventral valve and a thickening in tlie posterior

portion of the dorsal valve back of the central muscle scars. The type of the subgenus, 0. (F.)

perfectus Walcott (PI. LXIII, figs. 10, lOa-d), has these characters well developed. The second

species, 0. (F.) hellulus (Walcott) (PL LI, figs. 3, 3a-f), has the cardinal area of the ventral

valve more united with the visceral area than it is in 0. (F.) perfectus, and the raised area in

the dorsal valve is much smaller. In 0. (F.) gilberti Walcott the thickened areas are much
smaller than in the other two species. These three species represent a form intermediate'

between Oholus (Pis. VII and VIII) and Elkania (PI. LI).

Type.—Oholus {Fordinia) perfectus Walcott.

The subgeneric name was given in honor of Mr. S. W. Ford.

Obolus (Fordinia) bellulus (Walcott).

Plate LI, figures 3, 3a-f.

Elkania bellula Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 323. (Described and discussed as below as a new-

species.)

General form elongate oval, biconvex; beaks marginal. Surface marked by fine concen-

tric strife of growth that occasionally form varices and small ridges near the umbo ; the inner

layers or lamellae have radiating strife in addition to concentric stri^.

The shell is relatively thin and small. It rarely exceeds 2.5 mm. in length and a little less

in width ; the dorsal valve is somewhat shorter than the ventral.

Ventral valve subacuminate, moderately convex; the interior shows a reversed cardinal

area attached to the bottom of the valve and below the plane of the margins of the valve; the

pedicle groove is strong; the line of demarcation between the cardinal area and the bottom of

the valve is indefinite, as the margin of the area and the body of the shell have been merged

into each other ; the transmedian and anterolateral muscle scars are outside the main vascular

sinuses and near the margin of the valve; the central scars and middle and outside lateral scara

are supposed to have been attached within the area (x) (PL LI, figs. 3a, 3b), as in Oholus; the

area is largely on the front slope of the thickening of the umbonal portion of the valve.

Tlie dorsal valve has a sliort reversed area, as sliown in Plate LI, figure Be; the antero-

lateral muscle scars were probably weU advanced toward the front, judging from traces of the

length of the visceral cavity.

a I3n' is the type locality, though the specimens in the United States National Museum to which that number is assigned were collected;

somewhat later than Doctor Matthew's.
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The vascular markings include the main vascular sinuses in the ventral valve and traces

of the visceral area in the dorsal valve.

This pretty little shell is much like a small species of Ololus in its exterior appearance;
the interior connects it with Obolus (Fordinia) perfectus Walcott and 0. (F.) gilberti Walcott.
I know of no species closely related to it.

Formation and locality.—Upper Cambrian: (7x and If) a Limestone of the Emigrant formation [Tunur, 1902,

p. 285], about S.'i miles {4 hn.) southeast of Emigrant Pass; and (7z) limestone of the Emigrant formation [Turner,

1902, p. 265], about 3 miles (4.8 km.) southeast of Emigrant Pass; both in the Silver Peak quadrangle (U. S. Geol.

Survey), Esmeralda County, Nevada.

Specimens that are somewhat doubtfully referred to Oholus (Fordinia) hellulus occur at the

following locality:

(54f) 150 feet (45.7 m.) above the Middle Cambrian and 1,075 feet (327.7 m.) below the top of the Upper Cambrian
in the light-gray sandstone forming No. 4 of the St. Charles formation [Walcott, 1908f, p. 193], in Blacksmith Fork
Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Obolus (Fordinia) gilberti Walcott.

^ Plate LI, figm-e3 5, 5a-d.

Obolus (Fordinia) gilberti Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 65, PI. VII, figs. 15 and 15a.

(Discussed as below as a new species. Figs. 15 and 15a are copied in this mbnograph, PL LI, figs. 5 and 5b,

respectively.)

This shell was first thought to belong with Dicellomus politus (Hall) . It differs from that

species in the character of the interior of the dorsal valve and in the narrowing of the umbo
as it merges into the apex. The nearest related species is Oholus (Fordinia) hellulus (Walcott).

It differs from the latter in being more convex and in the narrowing of the umbo toward the apex.

The average size of the ventral valve is from 4 mm. to 5 mm. in length by 3 mm. to 4

mm. in width. The dorsal valve is a little shorter than the ventral.

The generic reference is based on the interior of the dorsal vah^e, which is similar to that

of 0. (F.) hellulus (Walcott). Associated with this species are specimens so distinct that they
are doubtfully referred to the same species.

The specific name is given in honor of Mr. G. K. Gilbert, geologist, of the United States

Geological Survey.

Formation and locality.—Middle Cambrian: (lln) About 3,000 feet (914.4 m.) above the Lower Cambrian
and 1,400 feet (426.7 m.) below the Upper Cambrian, in the upper part of the limestone forming la of the Marjum lime-

stone [Walcott, 1908f, p. 179], in the long cliff 2 miles (3.2 km.) southeast of Marjum Pass [Walcott, 1908f, Pis. XIII
and XV], House Range, Millard County, Utah.

. Obolus (Fordinia) perfectus Walcott.

Plate LXIII, figures 10, lOa-d.

Obolus (Fordinia) perfectus Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 65-66, PL VII, fig. 16. (Described

and discussed as below as a new species. Fig. 16 is copied in this monograph, PL LXIII, fig. 10a.)

General form elongate oval, biconvex; beaks marginal. Surface marked by concentric

lines and striae of growth that gather irregularly in small ridges on the anterior two-thirds of

adult shells; very fuie, obscure, radiating lines are preserved on some specimens of the outer

surface. A shallow, narrow, median sinus occurs on each valve, on which the striae arch slightly

backward. Substance of shell apparently calcareocorneous. The shell is strong and built up
of numerous layers or lamellEe that, except toward the beaks, are oblique to the outer layer.

Ventral valve broad ovate, with a rather blunt subacuminate beak; very young shells are

broad oval in outline. Area short, and on the plane of the edges of the valve; it is divided

midway by a narrow pedicle furrow that interrupts the transverse striae of growth.

Dorsal valve a little shorter and more rounded at the beak; area short and marked by
transverse striae of growth. Both valves moderately convex.

o7x is the type locality.
'
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The interior of the ventral valve shows what api^ears to be a short continuation of the car-

dinal area forward into the valve before the slope into the visceral cavity; it is as though an
area with Unes of growth were added to the internal area of the ventral valve of ETkania deside-

rata (Billings) (PI. LI, fig. 1). The front margin of the area merges in 0. (F.) perfectus into

the tiiicker shell back of the visceral cavity, much as in 0. (,F.) hellulus (Walcott). The pedicle

furrow extends forward from the posteiior margin across the true area and its anterior exten-

sion to the visceral cavity. The visceral area is bordered by two ridges that diverge from the

sides of the pedicle furrow and extend forward about one-third the length of the valve; these

ridges widen toward the front, and where they terminate there appear to be two or three

minute muscle scars corresponding to the outside and middle laterals and central scars of

Obolus; outside of the ridge there is a furrow that was probably occupied by the main vas-

cular canal, and beyond, two narrow, elongate spaces in which the transmedian and anterior

lateral muscle scars appear to be situated; all the furrows head back against the thickened

shell in front of the cardinal area; the surface of the interior of the valve is marked by con-

centric Unes and very fine radiating striae.

The dorsal valve (PI. XLIII, fig. 10) has a short strong median ridge in fi'ont of the car-

dinal area, and well toward the center of the valve a narrow sharp median ridge; on each side

of the latter where it begins posteriorly a small oval muscle scar (central h) occurs, and at its

anterior end two elongate oval scars (anterior laterals j) that are larger than the centrals;

on the tlnckened posterolateral portions of the valve, two small muscle scai's (transmedian

and outside and middle laterals, 1 and k) occur close to the outer margin. The surface of the

visceral cavity is smooth, but in front of it the minute. irregular vascular markings are very

ornate ; a few radiating striae also occur.

The two interiors described are unusually distinct; usually the various parts and scars

are more or less obsciu'e.

Tliis species approaches 0. (Fordinia) gilherti Walcott more nearly than any other species

of the genus. It differs in the presence of the sinus in both valves; in being less convex; in

its less pointed beak; and in its strongly marked interior. It occurs over 1,000 feet higher

up in the section of the Mddle Cambrian limestones than 0. (F.) gilberti. The interior of its

ventral valve is somewhat hke that of 0. (F.) hellulus (Walcott) (PI. LI, fig. 3a), but it differs

from that in having a cardinal area in both valves that has not been merged into the internal

cardinal area.

Formation and locality.—Middle Cambrian : (30n and 30n') " About 3,750 feet (1,143 m.) above the Lower Cam-
brian and 650 feet (198 m.) below the Upper Cambrian in the shaly limestones forming Ic of the Weeks limestone

[Walcott, 1908f, p. 175]; and (30o) about 3,950 feet (1,204 m.) above the Lower Cambrian and 450 feet (137.2 m.) below

the Upper Cambrian in the shaly limestones forming lb of the Weeks limestone [Walcott, 1908f, p. 178]; both on the

north side of Weeks Canyon, about 4 miles (6.4 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII],

Millard County, Utah.

LINGULOBOLUS Matthe-w,& subgenus of OBOLUS.
[Lingula and Obolus.]

Linguloholus Matthew, 1895, Trans. Roy. Soc. Canada for 1895, 2d ser., vol. 1, pp. 260-261. (Described and discussed

as a new genus.)

Sphxrobolus Matthew, 1895, idem, p. 263. (Described and discussed as a provisional new genus.)

Obolus (Linguloholus) (Matthew), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 683. (Characterized as a subgenus.)

Obolus (Linguloholus) (Matthew), Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 144.

(Classification of subgenus.)

Differs from typical Oholus in the strongly arched and thick valves, and the surface marked
by subimbricated, wavy, concentric fines and strife of growth.

a sOn is the type locality.

& The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Linguloholus

were formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed:

LinguUllaf Billings [1872b, p. 468; 1874, p. 67; I
Oholus {Linguloholus) Walcott [1898b, p. 327).

1882, p. 15]. Linguloholus Grabau [1900, p. 621].

LiTigulepis Walcott [1889a, p. 381]. I Sphxroholus Grabau [1900, p. 622].
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Two species from the Lower Ordovician may be referred to Lingulobolus, namely,

0. (L.) ajfinis and 0. (L.) sinssus.

The tliickening of the shell mentioned by Matthew is a common feature in Obolus, and I

do not find the arrangement of the muscle scars to vary materially from those of 0. apollinis.

Type.—Lingulella ? ajfinis BilHngs.

Obolus (Lingulobolus) affinis (Billings).

Plate XVI, figm'es 1, la-e.

Lingulella ? affinis Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 4, p. 468; fig. 4, p. 467. (Described.)

Lingulella ? affinis Billings, 1874, Geol. Sui-vey Canada, Paleozoic Fossils, vol. 2, pt. 1, p. 67, fig. 35, p. 66. (De-

scribed. Fig. 35 is copied from fig. 4 of the preceding reference.)

Lingulella affinis Billings, 1882, Geol. Sui'vey Newfoundland, Kept. Progress for 1881, Appendix, pp. 15-16. (Copied

from preceding reference.)

Lingulepis affinis (Billings), Waloott, 1889, Am. Jour. Sci., 3d ser., vol. 37, p. 381. (Mentioned under new generic

name.)

Linguloholus affinis (Billings), Matthew, 1895, Trans. Roy. Soc. Canada for 1895, 2d ser., vol. 1, sec. 4, No. 13, pp.
261-262, PI. I, figs. 4a-b. (Original description, Billings, 1872b, p. 468, copied and species described and
discussed.)

Linguloholus affinis cuneata Matthew, 1895, idem, p. 262, PI. I, figs. 4c and 4d. (Described and discussed. This is

the first reference to this variety.)

Obolus (Lingulobolus) affinis (Billings), Waloott, 1898, Am. Jour. Sci., 4th ser., vol. 6, p. 327. (New locality men-
tioned.)

Lingulobolus affinis (Billings), Geabatj, 1900, Occas. Papers Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 621-622.

(Described.)

General form subtriangular, with the ventral valve subacuminate and the dorsal valve
slightly rounded at the beak. There is a little variation in the outhne of the valves, some
being slightly longer in proportion to the width. The valves are strongly convex, the dorsal

being the most so. A dorsal valve 30 mm. in length has a convexity of 5 mm. ; a ventral valve

of the same length has a convexity of 4 mm. above the plane of the margin.

The surface of the shell is marked by fine radiating striae and concentric hnes of growth, and
very fine, concentric, sKghtly undulating, imbricating striae; when the outer surface of the
shell is exfoHated the surface of the inner layers shows rounded, radiating striae crossed by the

concentric Unes of growth, and fine, sHghtly irregular, concentric striae. The interior surface

over the visceral cavity is mai'ked by minute pits or punctae that in the anterior portion of

the shell are arranged in concentric Hnes, giving a highly ornamental appearance to the shell

when examined by a strong lens.

The shell is thick, being built up of a thin outer layer and nurherous inner layers or

lamellae that are obHque to the outer surface over the anterior and lateral portions of the shell.

There is a strong development of the inner lay'erg of the shell over the visceral area, the impres-

sions of the muscle scars and vascular markings showing on the various layers as though there
had been a rapid deposit of shell substance beneath those parts. Usually the direct point of

attachment of the muscle is deeply impressed in the shell substance, but not always so.

The longest ventral valve in the collection has a length of 30 mm.; width, 25 mm. A
large dorsal valve has a length of 32 mm. and a width of 29 mm.

The interior casts show that the area of the ventral valve is not very clearly defined; it

is rather long and divided midway by a cast of a rather narrow pedicle groove; it is very rarely

that any traces of the area can be observed. The area of the ventral valve is obscure in most
specimens; one example shows that it forms a shelf, the undercut projecting slightly beneath
it so as to form in the cast two rounded projections extending toward the beak, on each side

of the median Hne, giving very much the same appearance as the same parts in the dorsal valve

of Lingulella granvillensis (Walcott) (PI. XXII, fig. Id).

The cast of the visceral cavity of the ventral valve is very much Uke that of Oholus matinalis

(Hall) and O&oZus {Westonia) rogersi (Walcott). The material is somewhat imperfect, but
there is an outhne of the heart-shaped cavity (x), and the position of the space including the

central, middle lateral, and outside lateral muscle scars is indicated (PI. XXII, j&gs. 1, lb).
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The muscle scars are not so well shown in this species as in the associated Oholus (Ling'u-

lobolus) spissus. In the ventral valve the anterior lateral and transmedian scars are so closely

united with each other that they can not be differentiated. It is the same with the centrals,

wliich appear to be crowded in with the middle and outside laterals. In the dorsal valve the

central and anterior lateral muscle scars are clearly defined, and the position of the trans-

median and the outside and middle laterals is fairly well shown in one specimen. The marldngs

left on the shell by the vascular system are confined to the main or trunk sinuses, which are

imperfectly represented.

Observations.—Bilhngs [1872b, fig. 4] illustrated an elongate form of the ventral valve,

and Matthew [lS95b, PI. I] a shorter ventral valve, and with it, as the dorsal valve, the dorsal

valve of 0. (i.) spissus. The form that Matthew [1895b, p. 262] has described as the variety

cuneata is probably a dorsal valve of 0. (i.) affinis.

This is one of the largest shells that has been referred either to Oholus or its subgenera. In

form it resembles other cuneate species, but it differs from all ia the thickness of the shell and

the slight definition of the cardinal areas of the valves. It is quite probable that if we had a

series representmg the stages of growth the young shells would be referred to Lingulella, as

Linguloholus to me appears to be an extravagant development of a species of Lingulella that

has had unusually favorable conditions for growth. Oholus {Linguloholus) ajfinis is associated

with 0. (L.) spissus (Billings) and Oholus (Westonia) rogersi (Walcott).

Formation and locality.—lower Ordovician: (114b)« Sandstone 1 mile {1.6 km.) north of Lance Cove, Great

Belle Island, Conception Bay, Newfoundland.

(326a [Grabau, 1900, p. 613]) Limestone pebbles in a Carboniferous conglomerate north of Fall River, Bristol

County, Massachusetts.

Obolus (Lingtjlobolus) spissus (Billings).

I

Plate XVI, figures 2, 2a-k; Plate XLII, figures 3, 3a.

Lingulella ? spissa Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, no. 4, pp. 468-469, figs. 5a-c, p. 467. (Described.)

Lingulella f spissa Billings, 1874, Geol. Survey Canada, Paleozoic Fossils, vol. 2, pt. 1, pp. 67-68, figs. 36a-c, p. 66.

(Described. Figs. 36a-c are copied from figs. 5a-c, respectively, of the preceding reference.)

Lingulella? spissa Billings, 1882, Geol. Survey Newfoundland, Kept. Progress for 1881, Appendix, p. 15, PL III,

figs. 12a-c. (Text and figures copied from preceding reference.)

Sphxroholus spissus (Billings), Matthew, 1895, Trans. Roy. Soc. Canada, 2d ser., vol. 1, pp. 263-266, PL I, figs. 5a-c.

(Original description [Billings, 1872b, pp. 468-469] copied and species described and discussed.)

Oholus {Linguloholus) spissus (Billings), Walcott, 1898, Am. Jour. Sci., 4th ser., vol. 6, p. 327. (New locality

mentioned.)

Sphxroholus spissus (Billings), Grabau, 1900, Occas. Papers Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 622-623.

(Described.)

General form ovate, with the ventral valve broadly subacuminate and the dorsal valve

obtusety rounded; valves strongly convex, the dorsal being about one-third more so than the

ventral. The proportions of the convexity are sho%vn by the outlines accompanying the figures.

The surface of the shell is marked by concentric Imes of growth and very fine undulating, sub-

imbricated, concentric strife and very fine radiating strife, which, crossing the fine concentric

strise, cut the surface up into minute squares or parallelograms. This type of surface orna-

mentation also occurs on one or two of the inner layers of the shell just beneath the outer layer.

The surface of the inner layers, especially that of the lamellae forming the anterior lateral thick-

enings of the shell, is marked by numerous flattened strise and over the central portions by

raised, threadlike strife; the interior of the shell and some of the interior layers are marked

by fine pits or punctse, arranged in more or less concentric lines. In addition, there is a finely

punctate surface that can be seen only with the aid of a high magnifying power.

The shell is formed of a thin outer layer and numerous inner layers or lamella, the latter,

as oblique lamellas, becoming more numerous over the anterior and lateral portions of the

a 114b is the type locality, though the specimens in the United States National Museum to which that numher is assigned were collected

much later than the type specimens.
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shell. Over the central portion of a ventral valve 13 distinct layers may be counted, and at

the anterior edge of the same shell 15 of the oblique lamellae that are strongly marked by the

radiating striae. The valves vary somewhat m size, outline, and degree of convexity. An
unusually acuminate ventral valve has a length of 20 mm. and a width of 19 mm. A dorsal

valve 15 mm. in length has a width of 16 mm.
Casts of the interior of the ventral valve show a rather narrow area and a strong pedicle

furrow which is broad at the base. The striae of growth on the area are arranged in an imbri-

cated manner, very much as on the area of Obolus prindlei (Walcott) . The area of the dorsal

valve is narrow and almost concealed beneath the slightly overarching posterior margin.

The cast of the ventral valve (v) shows roughly the heart-shaped cavity (x) of Oholus

(PL XVI, fig. 2k). There are no traces of a median septum in the ventral valve; in the dorsal

valve the septum extends as a low ridge with a sharp crest between the central muscle scars

and forward, so as to divide the anterior lateral scars.

The muscle scars are finely shown in both valves. The umbonal scar of the ventral valve

is divided, as m Oholus, the pedicle scar bemg situated between the two parts. In the dorsal

valve the umbonal scar is very close to the area and arches slightly backward. The scars of

the central muscles are not clearly defined in the ventral valve, owing to their being crowded

in with the scars of the central and outside laterals. Their position, judging from the location

of the centrals m Obolus, is within the transversely trapezoidal area (c) , indicated in Plate XVI,
figure 2j . On the dorsal valve the centrals are large and distinctly defined, on many casts of

the interior of the shell and on partly exfoliated specimens. They are situated near the center

or sometimes a short distance in advance of the center of the shell, on either side of the median

ridge ; they are oval in outline, the longer axis diverging slightly outward anteriorly. The

anterior laterals (j ) are clearly defined in both valves. In the ventral valve they are very close

to the transmedian, if not actually in contact with them (PI. XVI, fig. 2k) ; in the dorsal they

are small and situated on either side of the median ridge a short distance in advance of the

central scars (PI. XVI, fig. 2h). The middle and outside lateral scars on the ventral valve are

situated in the trapezoidal area (c), but neither is clearly separable in any specimen of the

collection, unless it be in that represented by Plate XVI, figure 2k, where the outside lateral scars

(1) and the middle lateral scars (k) may be present. In the dorsal valve of Obolus, the middle

(k) and the outside Q) laterals are closely united, and they are apparently combmed m an

elongate scar at (1) (PI. XVI, figs. 2a and 2g). This scar corresponds in position with the two

sears in Oholus and it is deeply impressed in the thick shell of this species, much more so than

the large central scars, which apparently were but slightly impressed or else were situated upon

elevations on the inner surface of the shell. Some specimens show the elevation and others

the depression for the same set of scars. The transmedian scars (i) are not so distinctly shown

on most of the specimens of the dorsal valve, as they appear to have been lost in connection

with the deep depression formed by the outside and middle laterals. In one specimen, however,

(PI. XVI, fig. 2a) they are fairly well defined. In the ventral valve they are closely united

with the anterior laterals (j), but can be distinguished from them.

The markings left on the shell by the vascular system are well preserved in a few casts

of the interior of the valve. The main or trunk sinuses are strong and curved inward a short

distance in front of the visceral cavity. Numerous fine peripheral branches radiate toward

the margin and a few short lateral branches toward the visceral cavity. In a dorsal valve

the main sinuses curve in front of the visceral cavity, very much as in the ventral valve. The

interior lateral sinuses radiate from the main sinus in toward the visceral cavity, and the

peripheral branches extend upward toward the margms. In some specimens where the pro-

jections of the visceral cavity back of the central muscle scars unite with the main sinus there

is an apparent broadening of the sinus that produces a rather sharp angle opposite the central

scars. In the ventral valve the depressed space in front of the visceral cavity is marked by

narrow, radiating, and longitudinal spaces, which apparently were occupied by the anterior

portion of the viscera, as the narrow canals unite toward the heart-shaped cavity and the

62667°—VOL 51, FT 1—12 28
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areas occupied by tlie muscle scars (PI. XVI, fig. 2j). This latter character is probably what
Mickwitz [1896, p. 69] describes as the longitudinal striation of the area in advance of the

visceral cavity in Oholus. The parietal scar is distinctly shown in advance of the visceral

area of the dorsal valve, where its course may be followed from the median line in front of

the anterior lateral muscle scars to the outward curve to the main vascular siauses, beyond
which it has not been observed. In none of the specimens of the Ventral valve can the exact

position of the parietal scar be determined.

Observations.—The study of the material which I collected at the tj^pical locality in 1888

shows clearly that this species is very closely related to Oholus. It differs in having a smaller

area and somewhat m the form and convexity of the valves. There are no special characters

that do not apparently fall well within the limits of Oholus. There is certainly not more than

a subgeneric difference between the different forms of Oholus and Oholus (Linguloholus) spissus.

Billmgs [1872b, p. 467] figured a ventral and a dorsal valve, but furnished a very inade-

quate illustration and description. Matthew [1895b, PI. I] illustrated what appear to be two
dorsal valves, one somewhat more elongate than the other. With a large series of specimens

I am unable to find any ventral valve which shows the characters illustrated by Matthew
in his figure 5a [1895b, PL I]. On the contrary, most of them are to be observed in specimens

of the dorsal valve.

Formation and locality.—Lower Ordovician: (114b )a Sandstone 1 mile {1.6 hm.) north of Lance Cove, Great

Belle Island, Conception Bay, Newfoundland.

(326a [Grabau, 1900, p. 613]) Limestone pebbles in a Carboniferous conglomerate north of Fall River, Bristol

County, Massachusetts.

MICKWITZELLA Walcott,6 subgenus of OBOLTTS.

Aulonotreta Kutorga (in part), 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp. 278-279.

(Described and discussed in German as a new genus. The species referred to the genus belong with Oholus,

Oholus (Acritis), and Oholus {Michwitzella).)

Oholus Eichwald, Davidson (in part), 1853, British Fossil Brachiopoda, vol. 1, introduction, No. 3, pp. 135-136.

(Described and discussed. As far as they have been identified in this monograph the species referred to the

genus belong with Oholus, Oholus (Acritis), and Oholus {Michwitzella).)

Not Thysanota Albers, 1860, p. 63. (Proposed for a genus of the Gastropoda; see Marshall's Nomenclator Zoologicus,

p. 142.)

Oholus Eichwald (in part), 1860, Lethasa rossica, ancienne p&iode, vol. 1, sec. 2, pp. 924^925. (Described in French.

The species referred to the genus belong with Oholus, Oholus {Acritis), and Oholus {Michwitzella).)

Oholus {Thysanotos) Mickwetz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 194^195.

(Characterized in German as a new subgenus. See below for translation.)

Oholus {Thysanotus) Mickwitz, Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 683. (Characterized.)

Oholus {Michwitzella) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 70. (Copies the original description

of Mickwitz, as below.)

Oholus {Michwitzella) Walcott, 1908, idem, vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification of genus.)

The original description by Mickwitz follows

:

The subgenus Thysanotos, containing a single species, 0. siluricus Eichwald, differs from the Cambrian subgenera

Euoholus and Schmidtia mainly by the fringed anterior border of the growth lamelte of its valves, and by the con-

centric striation arranged parallel to the posterior edge of these lamellae—two features that point to a peculiar organi-

zation of the edge of the mantle. The last-mentioned peculiarity appears also in the subgenus Acritis.

Type.—Oholus siluricus Eichwald.

The subgeneric name was given in honor of the late Dr. A. Mickwitz, of Reval, Esthonia.

Obolus (Mickwitzella) siluricus (Eichwald).

^•''

Plate XV, figm-es 1, la-c.

Oholus siluricus Eichwald, 1843, Beitrage zur Kenntniss des russischen Reiches, Bd. 8, No. 2, pp. 7-8, PI. I, figs.

15a-c. (Described and discussed in German as a new species.)

n 114b is the type locality, though the specimens in the United States National Museum to which that number is assigned were collected much
later than the type specimens.

b The synonymy for this subgenus does not give a complete record of the various genera imder which the species now included in Mickwitzella

were formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mera

generic references are listed:

OboZMs Eichwald [1843, p. 7]. I OtoZits Schmidt [1861, p. 318; 1881, p. 17].

Obolus de Verneuil [1845, p. 290]. Zingula Schmidt [1881, p. 17].

OWits Eichwald [1859, PI. XXXVII, flgs. 6 and 7]. I OMiis Mickwitz [1892, p. 60].
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Obolus apollinis Eichwald, de Verneuil (in part), 1845, G^ologie de la Russie d'Em-ope, by Muuchison, de Verneuil,

and de Keyserling, vol. 2, pt. 3, pp. 290-292. (Described and discussed in French. The reference includes

Obolus { Mickwitzella) siluricus, Obolus (Acritis) antiquissimus, Obolus apollinis, and Obolus apollinis ingricus;

Obolus apollinis being figured.)

Aulonotreta polita Kutorga (in part), 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp.
279-282 (not PI. VII, figs. lOa-f). (Described and discussed in German as a new species. The text includes

Obolus (Mickwitzella) siluricus, Obolus apollinis ingricus, and Obolus apollinis, the last species being figured.)

Obolus siluricus Eichwald, 1859, Lethaea rossica, ancienne periode, Atlas, PI. XXXVII, figs. 6 and 7a-b. (The text

reference accompanying these figm'es is in the following citation.)

Obolus siluriciis Eichwald, 1860, Lethsea rossica, ancienne p&iode, vol. 1, sec. 2, pp. 927-928. (Described and dis-

cussed in French.)

Obolus siluricus Eichwald, Schmidt, 1861, Archiv fiir Naturkunde Liv-, Ehst-, und Km-lands, 1st ser., vol. 2, p. 218.

(Mentioned in German.)

Obolus siluricus Eichwald, Schmidt, 1881, M^m. Acad. Imp. Sci. St.-P6tersbourg, 7tli ser., vol. 30, No. 1, p. 17. (Local-

ity mentioned in German.)

Lingula cf. davisi Salter, Schmidt, 1881, idem, fig. 5, p. 17. (Mentioned in the text.)

Obolus siluricus Eichwald, Mickwitz, 1892, Melanges g^ol. et pal^ontol. tires du Bull. Acad. imp. sci. St.-P6tersbom-g,

vol. 1, p. 60. (Mentioned in German.)

Obolus (Thjsanotos) siluricus (Eichwald), Mickwitz, 1896, M6m. Acad. imp. sci. St.-Petersbom'g, 8th ser., vol. 4, No.

2, pp. 195-199,. PI. Ill, figs. 1-9. (Described and discussed in German; see below for translation. Fig. 9 is

copied in this monograph, PI. XV, fig. lb.)

Mickwitz [1896, pp. 195-199] describes the species as follows:

Shells large, vei-y flatly arched, thin, brittle. Outline of shells round, somewhat broadened. Posterior borders of

shells rectilinear, not winged. Tip of the beak of large shell slightly curved inwardly. Smiace of shell very lustrous,

like varnish. Concentric strife in sharp-edged ribs, which are separated by flat troughs. These ribs run parallel to

the posterior borders of the gi'owth lamellae and therefore always become shorter toward the anterior borders of the

same. Growth lamellae prettily fringed at the anterior borders; the concentric striae are continued on the fringes.

Area large, quite smoothly striate, slightly excavated at the base of the splanchnoccelic part. Pleurocoelic part of the

area extends far into the lateral borders of the shell. Traces of the pseudo-area lamellse approach the borders of the

peduncular gi-oove, and converge into the tip of the beak. Peduncular gi-oove large, deep, roundly hollowed, inwardly

strongly broadened. Thickening of the shells very slight. Central groove of the large shell indefinitely flat. Corneous

processes and sinus of the small shell strongly receding. Median swelling of the small shell broad and flat, divided at

its anterior half by a broad median groove. Principal vascular traces broad and flat, separated by a median swelling

into two sharp-cut fm-rows. Places of attachment of the central muscles of the small shell large, cii'cular; those of the

umbonal muscles very coarsely longitudinally striate.

Observations: The large shell of this species reminds one in form of 0. apollinis quenstcdti, especially of a specimen
whose relative numbers also aomewhat correspond with those of 0. siluricus. In comparing these numbers, one must
take into consideration that the only large shell of the last-mentioned species, which allowed measm'ement, is some-

what pressed in from above, so that the heights given in the table of measures may most hkely be somewhat too small.

The small shell, however, has a somewhat broader form than the corresponding Cambrian species, and varies in outline

by having the greatest breadth nearer the anterior border.

The exterior surface of the shell of 0. siluricus has ah-eady been spoken of on several occasions: The crescent-shaped

growth lamelte, which correspond to a vegetative period, run out as in all Obolus shells into the posterior borders of

the shell, which, so to say, inclose them. The law of growth of the gi-owth lamelte, or the seam of the mantle which
produces the same, is plainly here and there the same. Now the abeiTancy of this species consists in the fact that the

concentric striae of these lamellae do not converge into the tip of the crescent as the other species—with the exception

of 0. antiquissimus—but run parallel to the posterior (interior) border of the lamellse and therefore always become shorter

toward the anterior. It is self-evident that this aberrant plaited formation must have corresponded to an aberrant

character of the seam of the mantle, but what the character of the latter was is unknown. Also the profile of the con-

centric striation of 0. siluricus deviates essentially from the other ornamented species of Eichwald's genus; for example,

0. triangularis shows a regular wavy line in which the crests and troughs of the wave are composed of equal curves.

In 0. siluricus, however, the cm'ves of the troughs follow immediately on one another, so that the crests run out into

sharp points. 0. antiquissimus, which has an intermediate form, shows the crests of the waves somewhat rounded off

at the point.

The fringes, with which the gi'owth lamellae are ornamented at the close of the vegetative period, correspond with
the radial striation on the interior side of the appertaining lamellae in such a manner that every notch between two
teeth of fringes is equal to a radial furrow. These radial furrows, which owe their formation to the setae, which are sunk
into the seam of the mantle, are peculiar to all Oboli and were ah-eady observed in the impression by Eichwald in all

shells whose upper layer (gi-owth lamella) was broken off. To every notch of the fringe therefore corresponds a seta of

the mantle. The subject can not be followed any further. We also here meet with the peculiar but unknown charac-

ter of the seam of the mantle, which produces a pretty fringe in the vegetative rest; in the period of gi-owth, however,

it produces a lamella which is interrupted at the border, both being furnished with concentric ribs. The teeth of the



436 CAMBRIAN BRACHIOPODA.

fringes, at the anterior border of the adult shell, reach a considerable length (four to five transverse ribs): near the beak

they are only indicated.

The breadth of the growth lamella of this species varies gi-eatly.. One shows in the center of the shell a width of

5.5 mm., while the center lamella of another is only 2 mm. broad. This is plainly connected with the relative condi-

tions of nourishment. Independent thereof also here, as with all Obohis species, a diminishing of the breadth of the

lamellse toward the anterior border of the adult shell takes place.

The shells of 0. siluriciis are very thin, and consequently the development of the inner characters is very slightly

pronounced. In striking contrast to this peculiarity stands the strongly developed area with the broad, deeply hollowed

peduncular groove, which somewhat diminishes toward the beak.

The surface of the area is smooth at the posterior part, and gives rise to the conjecture that in consequence of a

narrow closing of the shell a mutual attrition has taken place. (Similarly as in 0. antiquissimus, only in a less degi'ee.)

The same conclusion is forced upon one by the deeply hollowed peduncular gi-oove, which allowed, even with the

narrow closing of the shell, sufficient space for the passing of the peduncle; and lastly, the strongly developed longitudi-

nally striate places of attachment of the umbonal rnuscle. A small shell of a young specimen also shows this place of

attachment distinctly but lacks the striation in the figure.

The beak of the small shell also has in its youth a rectilinear bordered tip. In age this is somewhat worn oft, so

that the beak has a round appearance. The area of the small shell is hollowed transversely to the median line and

therefore not exposed to attrition, which is limited to the borders of this shell. Unfortunately this part is only at hand

in the already mentioned young specimen.

The inner characters of 0. siluricus are more withdrawn from observation. On the one hand they are, as already

mentioned, very slightly developed; on the other hand sufficient material is lacking. The central gi'oove of the large

shell is very flat and indefinitely bordered, but is perceptible in both figured specimens.

The principal vascular fm-rows are more distinctly distinguishable, their central swellings are strongly developed

and rear themselves from the deeply hollowed lateral fm'rows. In one specimen the secondary vascular traces may be

followed under a magnifying glass. The accessory vessels, radiating inwardly and perpendicularly to the principal

vessels, run rectilinearly to the anterior border, and bend off shortly before reaching the median line, as has been

demonstrated in other species. A shortly branched ramification of the first part of these vessels was only suggestively

perceptible. The outwardly directed accessory vessels run in the known manner. Their opening into the peripheral

canal is not perceptible on account of corrosion of this part of the shell.

Of the remaining visible characters in the figm'ed large shell only the places of attachment of the combined central

muscles are to be mentioned, which, however, can not be analyzed into their elements on account of the deficient pre-

servation of the shell. In their totaUty, they form a narrow band, which lies before the central groove and is bordered

by the parietal band. This band curves, close to the inner lateral furrows of the principal vessels, rectangularly toward

the back and is widened there considerably. This portion, however, is corroded, so that the exact form of the place of

attachment can not be ascertained.

In the small shell, apart from the already mentioned place of attachment of the umbonal muscle, the large chcular

places of attachment of the central muscles may be seen for the first time, and lie near the center of the fragment of the

shell on both sides of the flat median swelUng, which is divided by a broad median furrow. The places of attachment

of the anterior lateral muscles are also perceptible, but only suggestively. They already lie in the scaled-off part of

the anterior half of the shell. On the left above, the elongate, quite deeply sunk place of attachment of the transmedian

muscle is also perceptible. Lastly, the beginnings of the principal vascular traces and parietal band, as far as the

inner surface of the shell is intact, may be followed and are also expressed in the figure.

The species owes its specific name to the "Silurian" age of the beds in which it is found.

Formation and locality .«—Passage beds between the Upper Cambrian and the Ordovician: "Glauconite

sandstone" at the following localities: (396) At Baltischport, 30 miles (48 km.) west of Reval; (396a) at LeppiJco, near

Leetz, on the eastern side of the Baltischport Peninsula, about 25 miles {40.3 Tan.) west of Reval; (396b) at Fall, 15 miles

(24 km.) west of Reval; (396c) at the mouth of Fahna Brook, east of Fall, about 15 miles (24 km.) west of Reval; and

(396e) in the eastern part of the east Baltic region; all [Mickwitz, 1896, p. 198] in the Government of Esthonia, Russia.

(395x [Lamansky, 1901, p. 617]) Glauconitic sandstone (correlated by Lamansky mth the Upper Cambrian Cera^

topyge slate) in the vicinity of Baltischport, 30 miles (48 km.) west of Reval; (395v [Eichwald, 1843, p. 147]) sandstone

on Odensholm Island, about 55 miles (88.6 km.) west of Reval; (396y [Eichwald, 1843, p. 147]) chlorite-bearing sands

in the limestone beds at Reval; (336f [Eichwald, 1860, p. 927]) pyi-oxene-bearing sands in tlie Orthoceratite limestone

beds at Reval; (337i [Schmidt, 1861, p. 218]) green sand at Baltischport; and (396x [Eichwald, 1843, p. 146]) chlorite-

bearing sands in the limestone beds at Baltischport, about 30 miles (48 km.) west of Reval; all in the Government of

Esthonia, Russia.

(395w [Eichwald, 1843, p. 147]) Chlorite-bearing sands in the limestone beds at Pawlowsk; and (395y [Kutorga, 1848,

p. 281]) sandstone on Pulkowa Brook; both near St. Petersburg, Russia.

(368a [Siemiradzki, 1886, p. 672]) Gray sandstone of unknown stratigi'aphic position or age, in the Polnischen

Mittelgebu'ge, north of Sandomierz on the Vistula, Russian Poland.

a Localities 396 and 396a are represented in the collections ol the United States National Museum.
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ACBITIS Volborth,a subgenus of OBOLTTS.

[Ikpiwc, indiscernible.]

Aulonotreta Kutorga (in part), 1848, Verhandl. Russ.-kais. min, Gesell. St. Petersburg for 1847, No. 12, pp. 278-279.

(Described and discussed in German as a new genus. The species referred to the genus belong with Obolus,

Obolus (Acritis), and Obolus (Mickwitzella).)

Aulonolreia Kutorga, Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, pp. 316-317. (Characterized and

discussed as a synonym of Obolus.)

OboliLS Eichwald, Davidson (in part), 1853, British Fossil Brachiopoda, vol. 1, introduction. No. 3, pp. 135-136.

(Described and discussed. As far as they have been identified in this monograph the species referred to the

genus belong with Obolus, Obolus (Acritis), and Obolus {Miclnvitzella).)

Obolus Eichwald (in part), 1860, Lethsea rossica, ancienne periode, vol. 1, sec. 2, pp. 924-925. (Described in French.

The species referred to the genus belong with Obolus, Obolus {Acritis), and Obolus {Mickwitzella)
.)

Acritis Volborth, 1869, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser., Bd. 4, pp. 212-217. (The descrip-

tion and discussion of the genus (in German) is incorporated with that of Obolus {Acritis) anliquissimus.)

Acritis Volborth, Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 11. (Placed as a synonym of Aulonotreta.)

Aulonotreta Kutorgn, Dall, 1877, idem, p. 16. (Priority of this generic name over ,4OT<?sdiscussed.)

Acritis Volborth, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1264. (Described in French.)

Aulonotreta Kutorga, Hall and Clarke (in part), 1892, Eleventh Ann. Kept. State Geologist New York for 1891, pp.
243-244, (Described and discussed. As discussed the genus include's species referred to both Obolus and
Obolus {Acritis).)

Aulonotreta Kutorga, Hall and Clarke (in part), 1892, Forty-fifth Ann. Rept. New York State Museum for 1891,

pp. 559-560. (Copy of preceding reference.)

Aulonotreta Kutorga, Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 82. (De-

scribed and discussed and priority, etc., of generic references discussed. As discussed, the genus includes

species referred to both Obolus and Obolus {Acritis).)

Obolus (Acritis) (Volborth), Mickwitz, 1896, M^m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 205-206.

(Characterized and discussed in German as a subgenus; see below for translation.)

Obolus (Acritis) (Volborth), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 683. (Characterized.)

Obolus (Acritis) Volborth, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classi-

fication of subgenus.)

Mickwitz describes the subgenus as follows

:

The subgenus Acritis, like the two preceding subgenera, Thysnnotos (^Micku'itzelhi) and Lepteinbolon, is based on
a single species, Obolus anliquissimus Eichwald, which, out of all the species of Eichwald's genus, departs most widely

from the typical species.

The most prominent characteristics of this subgenus—apart from the parallelism of the concentric striation of the

surface of the shell, which it has in common with the subgenus Thysanotos {= Midcu'itzella)—consist in the remarkable

shortening of the splanchnocoele, which even in the adult stage of the animal advances but little toward the frontal

edge, and in the different arrangement of the deposit of the thickened lamellae, which impart to the adult shells a

totally different appearance.

The failure to recognize these facts was the main cause of the long controversy over the genus of O. anliquissimus,

which after all threw no light on the subject.

Type.—Oholus (Lucina) antiquissimus Eichwald [1843, p. 142].

Obolus (Acritis) antiquissimus (Eichwald).

Plate XIII, figure 3; Plate XV, figures 2, 2a-d.

Obolus (Lucina) antiquissimus Eichwald, 1843, Beitrage zur Kenntniss des russischen Reiches, Bd. 8, No. 2, pp.
142-144, PI. IV, figs. la-c. (Described and discussed in German as a new species.)

Obolus apollinis Eichwald, de Veeneuil (in part), 1845, GSologie de la Russie d'Europe, by Murchison, de Verneuil,

and de Keyserling, vol. 2, pt. 3, pp. 290-292. (Described and discussed in French. The reference includes

Obolus (Miclnintzella) siluricus, Obolus (Acritis) antiquissimus, Obolus apollinis, and Obolus apollinis ingricus,

Obolus apollinis being figured.)

Aulonotreta sculpta Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp. 282-283

PI. VII, figs, lla-d. (Described and discussed in German as a new species.)

Obolus apollinis Eichwald, Davidson (in part), 1853, British Fossil Brachiopoda, vol. 1, Introduction, No. 3, PI. IX,
fig. 285 (not figs. 280-284, which represent Obolu.s apollinis). (No text reference. Fig. 285 is copied from

Kutorga's figure, 1848, PI. VII, fig. lib, of Aulonotreta sculpta.)

a The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Acritis were
formerly placed; it gives only those references in which the genus is discussed or described. To complete the record, the following mere generic

references are listed:

Obolus (Lucina) Eichwald [1843, p. 142]. I Obolus Siemiradzki[1886, p. 672).

Obolu.^ de Verneuil [1845, p. 290]. Acritis Gagel [1890, p. 22].

Obolus Eichwald [1859, PI. XXXVII, figs. Sa^dJ.
|

Acritis Hall and Clarke [1892, p. 82].
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Obolus antiquissimus Eichwald, 1859, Lethsea rossica, ancienne periode, Atlas, PI. XXXVII, figs. 5a-d. (The
accompanying text is cited in the following reference.)

Obolus antiquissimus Eichwald, 1860, Lethaea rossica, ancienne p&iode, vol. 1, sec. 2, pp. 928-929. (Described and
discussed in French.)

Acritis antiquissima Volborth, 1869, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser., Bd. 4, pp. 212-217,

PL XVII, figs. 7-9. (Described and discussed in German, the description of the genus Acritis being incor-

porated with that of the species.)

Aulonotreta sculpta Kutorga, Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 16. (Discusses the priority of the generic

names proposed for this form.)

Obolus siluricus (Eichwald), Sibmiradzki, 1886, Jahrb. K.-k. geol. Beichsanstalt for 1886, Bd. .36, Hft. 4, p. 672.

(Characterized and new locality mentioned.)

Acritis antiquissima (Eichwald), Gagel, 1890, Beitr. zur Naturkunde Preussens, von Physikal.-oekonom. Gesell.

Konigsberg, 6, p. 22, PI. I, fig. 1. (Described in German.)

Aulonotreta antiquissima (Eichwald), Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for

1891, figs. 246 and 247, p. 244. (No text reference. Figs. 246 and 247 are copied from Volborth, 1869, PL XVII, -

figs. 7 and 9, respectively.)

Aulonotreta antiquissima (Eichwald), Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for

1891, figs. 246 and 247, p. 560. (No text reference. The figures are copied from the preceding reference.)

Acritis antiquissima (Eichwald), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 82, figs.

35 and 36. (Species discussed, and priority, etc., of generic references discussed. Figs. 35 and 36 are copied

from Volborth, 1869, PL XVII, figs. 7 and 9, respectively.)

Obolus (Acritis) antiquissimus (Eichwald), Mickwitz, 1896, M6m. Acad. imp. sci. St.-P^tersbourg, 8th ser., vol. 4,

No. 2, pp. 206-213, PL III, figs. 20-22, 24-29. (Described and discussed in Gerinan; see below for translation.

Figs. 20a-b are copied in this monograph, PL XV, fig. 2d.)

Obolus (Acritis) antiquissimus ventrosus Mickwitz, 1896, idem, pp. 213-214, PL III, figs. 23a-b. (Characterized in

German as a new variety.)

Mickwitz [1896, pp. 206-213] describes this species as follows:

Shells large, strongly arched. Arching of the large shell slighter than that of the smaller. Greatest height of

both shells more toward the beak. Outline of shell broadly oval to round, broader than long, the greatest width

lying more to the anterior border. Beak of the large shell very blunt, laterally rounded; extreme tip of the beak of

the large shell lapping hook-shaped over the rectilinearly worn-off tip of the beak of the small shell. Growth lamellte

very thick, loosely disposed, their anterior sharp-edged borders projecting like a molding on then- inner surfaces,

strongly radially ribbed. Concentric striae of the outer sm-iace of the shell in wavy roundish ribs, which run pai-allel

to the posterior border of the crescent-shaped growth lamellse, growing constantly shorter toward the anterior border

of the same. Anterior and lateral borders sharp-edged, lying in one plane with the wom-off borders of the beak. Pos-

terior borders of the shell massive, broad, projecting inwardly in shape of a border. Area of both shells strongly devel-

oped, broadly ribbon-shaped, prolonged far into the lateral borders, deeply hollowed, polished on the sm-face by mutual

attrition. Peduncular groove strongly conical, deeply sunk, inwardly often broadened like a trumpet, traces of the

pseudo-area rectilinear, converging into the tip of the beak, attaining to distinctness as a line of the markation of the

naiTow splanchnocoelic and the broad pleurocoelic heads of the layers of the worn area lamellae. Thickening of the

shell extended chiefly to the brachiocoele, advancing in scalariformed terraces which follow the contom-s of the parietal

band; with the large shell forming a thick mass in front of the central groove, and with the small filling out the lateral

angulai- seams which penetrate into the splanchnocoele.

Splanchnocoele small, crowded back strongly to the beak, reaching under the rimlike projecting posterior border

of the shell. Heart-shaped groove very small, very indistinctly pronounced, often only perceptible in a slightly

expressed furrow between the combined central places of attachment—the projecting tip of the central gi'oove. Median

swelling of the small shell beginning as a distinctly developed roundish ridge under the hollowed area, between the

places of attachment of the central muscles, which are there situated, and ending with a fine short furrow between the

places of attachment of the anterior lateral muscles, which are also moved very far back. Principal vessel furrows

of both shells deeply sunk, hollowed into plainly round or flat furrows; in the large shell more approximated to the

median line and running rather straight; in the small shell more approximated to the lateral borders. Secondary

vessels not ramified, radiating inwardly and outwardly perpendicularly to the principal vessels.

Peduncular muscles fastened to a toothlike process, which is pushed before the opening of the peduncular groove

and reaches freely into the splanchnocoele. The places of attachment of the umbonal muscle, in the large shell, on

both sides of the place of attachment of the peduncular muscle on the nan-ow sides (perpendicular to the plane of the

shell border), which stands out into the interior of the shell; in the small shell on a platform, which lies opposite to

the place of attachment of the peduncular muscle and projects into the interior like a pier. Combined places of attach-

ment of the transmedian and anterior lateral muscles with the large shells in front of the divided places of attachment

of the umbonal muscles on the narrow side of the projecting rimlike border of the shell; with the small shell at

the corresponding place in similar position to the places of attachment of the transmedian muscles; and in front of

these the combined places of attachment of the middle and outside lateral muscles. Places of attachment of the

''entral muscles in the large shell behind those of the outside lateral muscles, lying on both sides of the projecting
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tip of the central groove. Both places of attachment narrow, long drawn out, and placed transversely to the shell.

On the facing ends of the places of attachment of the outside lateral muscles and divided by the projecting tip of the

central groove the small, round, quite deeply depressed places of attachment of the middle lateral muscles. Places of

attachment of the central muscles in the small shell moved far into the excavated tip of the beak, lying under the

platform which serves the umbonal muscle as a place of attachment; very much prolonged, divided from one another

by the median swelling. Places of attachment of the anterior lateral muscles of the small shell likewise moved very

far toward the posterior, Ijdng about in the posterior third of the shell, divided by a fine furrow at the end of the

swelling.

Parietal band moved away from the places of attachment in its anterior part, coursing at the border of the scalari-

formed terraces of thickening.

Observations: The immature shells of this extraordinary species show unmistakably the characters of the genua

Obolus, while these latter are not so easily distinguished in adult individuals. This is especially the case with the

characters of the inner surfaces of the shell, which acquire an entirely altered appearance in consequence of the

formation of the shell, which varies in age, and the altered disposition of the thickening of the shell.

The relative height of the adult shell is larger than that of the young. In the same mentioned specimens it amounts

to 0:171; 0:307; 0:262. The falling off of the arching to the tip of the beak is very flat with the young shell; with

the old, as a rule, perpendicular. However, essential aberrances take place with the adult individuals; some show
the falling off of the beak considerably flattened.

As with all other ornamented species, the ornamentation of the outer surface of the shell is altered with the advanc-

ing age of the animal. The delicate concentric striation has no waves until the close of the flrst vegetative period and
reminds one with its parallelism (in a strict sense) of that of 0. silurieus. At times, however, it shows some irregu-

larities, as the parallel uniformly curved ribs at times flow together or become disturbed. With the beginning of the

second vegetative period the waves occur, which, however, are often disturbed inform, and are resolved into separate

small swellings. This ornamentation Volborth has fitly named ".undulate-humped." Toward the anterior border

the swellings are crowded again, the waves become smoother, and the concentric ribs flatten, so that the ornamentation

is almost lost close to the anterior border.

The construction of . antiquissimus, in comparison with the other Oboli, is somewhat negligent, if we may use that

term. The growth lamellae lie very irregularly on one another and protrude very unequally with their anterior sharp

borders; at the same time the coherency of the lamellae is so loose that they fall apart at the least occasion. The
irregularity of the construction of the shell is shown principally at the posterior borders, at which the lamellse are

displaced perpendicularly under one another, and on account of unequal stratification give the appearance of the leaves

of an uncut book.

The individual rings of the growth lamellse (taking the latter as a whole, not only the visible parts on the surface

of the shell) are very massive with 0. antiquissimus, and are club-shaped toward the beak, in the profile, as with

other species. But while in the remaining species they at the same time become narrower (crescent-shaped) toward

the beak, they here retain their breadth to the traces of the pseudo-area of the area lamellae and then pass over (in

the splanchnocoelic part of the area of the base) into a position perpendicular to the plane of the border of the shell.

The breadth of the rings (surface of displacement) increases with the advancing age of the shell, independently of

whether the existing vegetative period produces a thin or thick lamella. The thickness is understood as the perpen-

dicular distance between the sm'faces of separation.

According to this, the construction of the shell takes place as follows: At the anterior border the growth lamellse

are separated in ordinary manner, each one sticking halfway under the preceding one. Toward the posterior the

individual rings are pushed more and more below one another until they lie perpendicularly below one another at

the posterior borders of the shell. Now, as every new ring surpasses the preceding in breadth, and the splanchno-

ccele is nominally reduced in thickness, the rings, which lie perpendicularly upon one another, form a very mas-
sively hollowed border, similar to a rim, at the posterior borders of the shell, which is also continued even in the

beak. There, however (between the traces of the pseudo-area), they are built up by the lamellse of the splanchno-

coelic part of the area, which lie in front of one another, perpendicular to the plane of the border of the shell. In
the umbonal part of a small shell the described lamellse (which lie over each other) of the posterior lateral borders,

as well as the posterior' border of the shell which is formed by the splanchnocoelic area lamellas, ihay be seen
distinctly.

A principal distinction between the construction of the shell of 0. antiquissimus and that of the other species is

not present. The strengthening of the principal part of the shell (which incloses the visceral cavity) takes place with
the first named through strengthening of the outer lamellae at the expense of the inner thickening, but with the other

species through strengthening of the inner thickening at the expense of the outer lamellse.

A noteworthy appearance, which has only been noticed with 0. antiquissimus, deserves to be emphasized. The
ring-shaped lamellse of the anterior part of the shell consist of rock-mass (limestone), but are, as all lamellae, clothed

with a homogeneous (corneous) layer, so that it gives the impression that the individual lamellas had been hollow
and after the death of the animal had been filled with calcareous mud. It is, however, more likely that the inner
layer of the canal, which is less capable of resistance, was dissolved after the death of the animal and restored by the
penetrating calcareous mud.

In still greater measure than through the just described formation of the border the configuration of the inner surface

of the shell becomes altered through the disposition of the lamellse of thickening, which deviates iii the age of the
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animal. The large shell of a youthful specimen is not essentially distinguishable in the general arrangement of the

characters from the typical species, unless stress be laid on the extraordinarily strongly shortened splanchnocoele. In

one specimen a slight swelling is already noticeable, which, however, does not extend to the splanchnocoele, but,

moved from the places of attachment of the muscle far to the front, lies in the brachioeoele. Another already shows

the beginning of the formation of terraces in the form of two slight obliquely placed swellings, which are connected in

advance growth and widen out to a surface whose border (which faces the beak and falls off perpendicularly) shows

an inlet corresponding to the protruded tip of the central groove in the median line of the shell. In further growth

of the shells one terrace is built upon the other, each following the other scalariformly, receding from the border of

the preceding one and thus gradually forming the mass. This thickening of the shell is extended only on the central

part of the shell. At both sides deep, broad furrows remain, which are retained for the principal vessels. Most likely

the mass is gradually flattened toward the anterior border. Unfortunately, all specimens are injured in such a manner

that nothing definite could be ascertained.

With the small shell the thickening takes place in entirely similar manner. Here the terraces are chiefly separated

by the lateral angular places of the brachioeoele, whic'h are formed by the protruding splanchnocoele and form a mass

scalariformly sloping, which cuts deep into the protruding splanchnocoele. A youthful specimen of the small shell

shows a strongly developed mass, which, however, was for the greater part destroyed by the treatment with dilute

hydrochloric acid. This manner of preparation was chosen to lay bare the posterior parts under the deeply hollowed

umbonal border, which was also satisfactorily accomplished at the expense of the strongly weathered lamelte of

thickening.

Of the characters whose development is connected with the thickening of the posterior part of the shell, as the

septa, corneous processes, and heart-shaped groove, nothing is to be discovered in the adult shells of 0. antiquissimus.

In young specimens, however, the central groove is mostly distinguishable, even if it is always very small, flat, and

indefinitely bordered.

The principal vessels are sunk in the small shells in the usual manner, but are not divided by a middle swell-

ing. With the adult they run in deep furrows at both sides of the central mass. Their course can not be followed in

the anterior half of the shell on account of the injured condition of the shells. The accessory vessels and the peripheral

canal are only perceptible in indistinct traces. The former seem to run without branching, and perpendicularly to the

principal vessels.

The places of attachment of the muscles of 0. antiquissimus have in general the same arrangement as those of the

typical species. In the latter those which lie more toward the center of the shell and toward the anterior are,

however, corresponding to the disposition of the splanchnocoele, strikingly long drawn out.

The peduncular muscle and the divided umbonal muscle are attached in the young shells exactly in the same

manner and at the same place on the bottom of the shell of the ventral valve as in the other species. In further

growth of the shells small elevations are formed at th'e places of attachment. The progressing development of these

elevations may be followed in a series of shells. The center one of these elevations is gradually altered through corre-

sponding attachment of the lamellae into a toothlike process, which reaches in front of the peduncular groove freely

into the splanchnoccele and serves the peduncular muscle as a place of attachment. The places of attachment of the

divided umbonal muscle have gradually moved to the rimlike border of the shell (close to the peduncular furrow),

whose narrow sides are turned inward. The combined spots of attachment of the transmedian and anterior lateral

muscles of the large shell undergo the same change of place.

The case is entirely similar with the places of attachment of the small shell, which lie at the base of the area, and

the pleurocoele (umbonal, transmedian, outside lateral, and middle lateral muscles). They all move, in the adult indi-

viduals, into a place corresponding to their position in the youthful shell, to the narrow side of the rimlike border

which surrounds the posterior part of the shell. The place of attachment of the umbonal muscle acquires, aside from

this, a special broadening in the form of a pier-shaped platform, which protrudes into the inside of the shell. The

pierlike construction gives this place of attachment of the umbonal muscle, which (judging by the mutual attrition of

the beaks) displays a considerable strength, a special firmness.

All these places of attachment, which lie at the border of the shell, are grained like shagreen, coffee-brown colored,

and covered with small, lustrous, dark-brown knots.

More important than those just described is (in comparison with the typical species) the dislocation of the places

of attachment, lying in the interior of the shell. They all are, in consequence of the extraordinary shortening of the

splanchnocoele of this species, pushed back so far toward the beak that (especially with the small shell) an entirely

distorted figure of the typical figure is brought about. The position of the combined central places of attachment of

the large shell is in this regard less striking. The latter are, to be sure, moved so near to the area that only a small

triangular space is left for the central groove, but the difference between this arrangement and that with 0. cdatus

orbiculatus is, however, proportionately slight. Of greater importance is the aberrancy in the opposed position of the

individual spot of attachment of this complex, in which, as already often mentioned, the places of attachment of the

central muscles are arranged behind those of the outside lateral muscles. The combined central places of attachment

could not be demonstrated in the only adult specimen of the large shell; they are lost in the strongly developed

configuration of the inner surface.

The small shell, on the other hand, presents an entirely singular view. The strongly developed places of attach-

ment of the central muscles are, with the young shells, pushed back to the most posterior part of the splanchnoccele,

and lie under the platform which serves the umbonal muscles as a place of attachment, and which covers the same.
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In the first-mentioned specimen, the entire posterior part is broken off, so that the long-drawn-out elliptic places of

attachment (immediately in front of the foot of the broken-off platform) are visible. The second specimen had to be

figured from a front \aew, to make the covered places of attachment -^dsible. Between the places of attachment of the

central muscles (which in 0. antiquusimus lie nearer one another than with the other species) the slightly developed

but distinctly visible median swelling comes in and is produced in the known manner as far as between the places of

attachment of the anterior lateral muscle, which are also moved considerably toward the posterior.

Formation and locality."—Passage beds between the Upper Cambrian and the Ordovician: "Glauconite

limestone " at the following locahties: (3961) At Fall, 15 miles (24 km.) west of Reval; (396d) (^ -at Domglint, in Reval;

(3961i) at Tischer, iO miles (16 km.) west of Reval; (396]) at Nommeweske, near Palms; (337h [Eichwald, 1860,

p. 929]) Orthoceratite limestone near Reval; and (396o) in the entire western part of the east Baltic region; all in the

Government of Esthonia, Russia.

(396k) "Glauconite limestone" at Iswos on the Wolchow; (396z) limestone in the vicinity of Zarskoe Selo; (395w)

chlorite-bearing sands in the limestone beds at Pawlowsk, near St. Petersburg; (336e) Orthoceratite limestone at Pul-

kowa, near St. Petersburg; and (3961) "glauconite limestone" at Pulkowa, near St. Petersburg; all in the Government
of St. Petersburg, Russia.

(396m) "Lower lenticular layer" of the "glauconite limestone" at Saggad, east of Palms; (396n) white limestone

between the "glauconite limestone" proper and the sandy representatives of the "Vaginatum limestone," at Leppiko,

near Leetz, on the eastern side of the Baltischport Peninsula, about 25 miles (40.3 km.) west of Reval; (396g)

upper limestone at Reval; (396x) chlorite-bearing sands in the limestone beds at Baltischport, about 30 miles (48 km.)

west of Reval; (396y) chlorite-bearing sands in the limestone beds at Reval; (336d) Orthoceratite limestone at Reval;

and (396p) strata between the "lower lenticular layer" and the "Vaginatum limestone" proper, at Nommeweske, near

Palms; all in the Government of Esthonia, Russia.

(386b) Drift blocks of "glauconite limestone" near Wehlau, 30 miles (48 km.) east of Konigsberg, East Prussia,

Germany.

Obolus (Acritis?) rugatus Walcott.

Plate XIII, figure 2.

Oholus {Acritis'?) rugatus Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 694. (Characterized as a new species.)

The concentric surface lines which are the cliaracteristic feature of this shell, although

much coarser, are the same type as those of 0. {Acritis) antiquissimus (Eichwald) and terminate

on the posterolateral margins m muclt the same manner. It is a very rare form, only one

specimen having been collected, although the beds in wliich it occurs were very thoroughly

searched during the survey of the Eureka mining district. All that is known of the species is

shown by the figure illustrating it. It is probably not an Acritis and probably not an Oholus.

The peculiar surface, as shown in Plate XIII, figure 2, is very much like that of a Silurian species

named by Clarke Glossina acer}

This form owes its specific name to the coarseness of the concentric surface lines.

Formation and locality.—Middle Cambrian: (58) Shaly limestone in upper beds of Secret Canyon shale, east

side of New York and Secret canyons, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

SCHMIDTIA Volborth.c subgenus of OBOLUS.

Schmidtia Volborth, 1860; see Marshall's Nomenclator Zoologicus, p. 137.

Not Schmidtia Balsamo-Crivelli, 1863. (Proposed for a genus of Porifera.)

Schmidtia Volborth, 1869, Verhandl. Russ.-kais. min. Gesell. St. Petersbm-g, 2d ser., Bd. 4, pp. 208-209. (Discussed

in German.)

Schmidtia Volborth, Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 62. (Notes on use of generic name Schmidtia).

Schmidtia Volborth, Zittel, 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, p. 665. (Described in German.)
Schmidtia Volborth, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1263. (Described in French.)

Schmidtia Volborth, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 244.

(Described.)

Schmidtia Volborth, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 560. (Copy
of preceding reference.)

1 Locality 396d is represented in the collections of the United States National Museum. With the exception of Locality 337h the remaining
localities are cited from Mickwitz [1890, p. 213].

b Clarke, J. M., New York State Museum, Memoir 9, 1908, pp. 214-215, PI. XLVII, flgs. 7 and 8.

c The sjTionjTny for this subgenus does not give a complete record of the various genera under which the species now included in Schmidtia

were formerly placed: it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed:

t/njuZa Pander [1830, p. 59]. i OMms Wiman [1902, pp. 62 and 63].

Obolus {LingulelU) Walcott [1898b, PI. XXVI, Obolus Moberg and Segerberg [1906, p. 05).

figs, land 2].
I

OioZM Westergird [1909, p. 56].
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Schnidtia Volborth, Hall and Clarke, 1892, Nat. Hist. New York, Palseontology, vol. 8, pt. 1, p. 83. (Discussed.)

Obolus (Schmidtia) (Volborth), Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, p. 158.

(Described and discussed in German; see below for translation.)

Obolus (Schmidtia) (Volborth), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 683. (Characterized.)

Obolus (Schviidtia) (Volborth), Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 144.

(Classification of genus.)

The original description by Mickwitz follows:

The subgenus Schmidtia, out of all the subgenera of Eichwald's genus, is most closely related to the subgenus Eu-

obolus. Some species of that subgenus, especially 0. celatus and to a less degree 0. crassus, show in their general appear-

ance so much resemblance to 0. apollinis that they might pass for miniature models of it. The other two species, on

the contrary, depart from the typical species in the form of the valves and in the shape of the area; 0. obtusus, in outline

and in the flatness of its valves, rather resembles Lingula, while 0. acuminatus has a very peculiar form, differing from

all Oboli, and due in part to the peculiar conformation of the apex of the beak.

The main arguments for establishing a special subgenus Schmidtia alongside of the subgenus EuoboliLS, aside from

the extraordinary smallness of the valves, are: the absence of radial striation of the surface of the valve; the absence of

longitudinal striation from the slope of the thickened posterior part of the valve, as well as of the posterior edge of the

central pit; the invariably more uniform thickening of the valves, manifested in this, ainong other things, that the

pleuroccelic parts of the valves differ in nothing from the frontal and side edges; the fact that the area of the large valve

is broken in the plane of the pedicle fiu'row; the pit-shaped depression of the splanchnocoelic part of the area of the

small valve; the pestle-shaped form of the central pit; the recession of the horn-shaped projections and of the sinus of

the small valve, while the median ridge simultaneously predominates. A fiu-ther difference seems to exist in the

different conformation of the inward-radiating secondary vessels, which in some species of the subgenus Schmidtia ai'e

variously ramified, whereas in the subgenus Euobolus, so far as can be seen, they ai-e more rectilinear and less branched.

Still the knowledge of these organs in the species of the two subgenera is as yet too imperfect to permit a definite

statement.

Type.—ScJimidtia celata Volborth. -

;

Ohservations.—The reasons stated by Mckwitz [1896, p. 158] for establishing Schmidtia as

a subgenus of Oholus are essentially those that differentiate it from Lingulella. The species of

the latter subgenus are radially striated and the shells are uniformly thinner. So far as IcQOwn,

all of the species of ScJimidtia are those described by Mickwitz from the Oholus beds of Russia.

In order to place before the student full details of the species, I have had drawings made from

the original specimens received from Mickwitz, and have also introduced the greater portion of his

detailed descriptions. In order also that there may be a reference in this monograph to the

varieties Mickwitz has determined, these are included in the synonymy of the different species

referred to ScJimidtia.

The subgeneric name was given in honor of Dr. Fr. Schmidt, of St. Petersburg, Russia.

Obolus (Schmidtia) acuminatus Mickwitz.

Plate XIV, figures 2, 2a-c.

Obolus (Schmidtia) acuminatus Mickwitz, 1896, M^m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 179-

183, PI. II, figs. 39 and 40. (Described and discussed in German as a new species; see below for translation.)

Obolus (Schmidtia) acuminatus alatus Mickwitz, 1896, idem, pp. 183-184, PI. II, figs. 41 and 42. (Described and dis-

cussed in German as a new variety.)

Obolus (Schmidtia) acuminatus humeralus Mickwitz, 1896, idem, pp. 184-186, PI. II, figs. 43 and 44. (Described and
discussed in German as a new variety.)

Obolus (Schviidtia) acuminatus subtriangularis Mickwitz, 1896, idem, pp. 186-187, PL II, figs. 45 and 46. (Described

and discussed in German as a new variety.)

The original description by Mickwitz follows

:

This remarkable species comprises, as the preceding, a number of forms essentially deviating from one another

(especially in outline), whose unity can be safely asserted only by the agreement of certain characters important for

the distinction of different species of the subgenus Schmidtia. To these belong, in the fijrst rank, the peculiarly devel-

oped beak, with the aberrantly placed indications of a pseudo-area, which stands in a ceitain opposition to that of

0. obtusus. The latter shows, as we have seen, this part of the shell fiat, obliquely truncated, and the traces of a

pseudo-area far removed from the peduncular groove. With 0. acuminatus, on the contrary, the beak is highly arched,

inwardly bent, and the traces of a pseudo-area Coincide with the borders of the peduncular groove.

Diagnosis: Shells small; large shell (ventral valve) strongly arched, small shell (dorsal valve) more weakly.

Greatest height of both shells directed more toward the beak. Outline oval. Beak of the large shell high, pointed,

falling off steeply toward the tip of the beak and the umbonal borders. Tip of the beak bent inward. Anterior border
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of the large shell somewhat receding from the plane of the lateral borders. Beak and anterior border of the small shell

somewhat projecting beyond the same. Shell borders thin, sharp edged, in the small shell formed like the border of

a plate. Outer surface of the shell polished, somewhat in'egular because of unequally deeply cut concentric furrows,

and rough toward the front because of the projecting borders of the lamellae. Area small, in the large shell triangular;

in the small, shaped like a band. Splanchnoccelic part of the large shell reduced to the borders of the peduncular

grooves; with the small excavated into narrow furrows. Pleurocoelic parts of the large shell deeply hollowed out; in

both, at the base, posteriorly somewhat caudate, extended, and drawn out into the lateral borders. Peduncular groove

parallel-bordered, narrowing as a rule toward the apex of the shell in the excavation of the area supported by a bridge.

Traces of a pseudo-area on the large shell coinciding with the borders of the peduncular groove or running very close

to the same; in the small shell in similar position, including between them the narrowly grooved, excavated, splanch-

noccelic part of the area surface. Shell thickening slight. Median septum under the magnifying glass mostly
perceptible, in the large shell often in connection with the bridge supporting the peduncular fuiTOW. Lateral septa

receding. Median swelling of the small shell plainly developed, between the places of attachment of the anterior

lateral muscles in the form of a sharp ridge. Posterior part of the central depression very widely extended; anterior

part parallel-bordered, at the tip scarcely broadened.

Observations: 0. acuminatus is, next to 0. obtusus, the most characteristic species of the subgenus. The most
essential differences of these two species, which lie in the formation of the beak, have been referred to in the beginning.

For the rest they also differ so far from each other in the form and size of their shells that a confusion of them is pre-

vented. The external charactera which separate 0. acuminatus from the two other species of the subgenus Schmidtia

are less striking.

From 0. celatus the species now in question is separated externally principally through the oval outline, in the

more considerable height of their shells, whose gi-eatest height lies more toward the beak; fi-om 0. a-assus, to which it

is closely related in relation to the outline and height of the shell, through the steeper falling off of the arching toward
the tip of the beak. The shells of the last-named species have likewise an oval outline, but the relative breadth of

the sam* is greater. Also the arching of the shells in 0. crassus is somewhat stronger in the middle, but the greatest

height lies more toward the center of the shell. The S-shaped section of the border of the large shell of 0. acuminatus,

to which a slight concavity in the small shell corresponds, was also noticed in 0. celatus pr^cisus; but here also the

broad oval outline of the shells of this variety and the flat falling off of the arching of the tip of the beak give a certain

and distinctive external character.

The relations are shown more clearly by comparing the average characters of the respective relative numbers
than by figures and descriptions.

The aberrant characters, which are present in the interior of the tip of the beak, ai-e by far more important for

the distinction of the species than the external differences of form. The most characteristic among these is the position

of the traces of the pseudo-area, which in 0. acuminatus run parallel and coincide with the peduncular groove; in

O. celatus and 0. crassus, however, they are removed from the latter and converge posteriorly.

The form of the shells of 0. acuminatum shows but slight deviations. In some specimens the highly arched beak
of the large shell, which falls oft steeply posteriorly and laterally, is somewhat more sharply pointed and the tip of the

beak seems to be compressed toward the side. In others the S-shaped section of the border of the large shell is more
slightly wavy, but in the differences of form no rule can be perceived. It is similar with the small shells.

In regard to regularity, however, the outer surface of the shell seems to be subject to greater deviations than the

foregoing species in their concentric striations. Besides forms with entirely smooth and lustrous shell surfaces,

some occur that have very irregularly deep sculptured concentric furrows, which become especially irregular toward

the anterior border and give the shells a dull aspect.

The area is in both shells very unevenly striate, and in the large shells, on account of the fracture in the pedun-
cular furrow and the somewhat incurved tip of the beak, it is, as a rule, slightly excavated. With normally built shells

the traces of the pseudo-area show slight inclination to separate themselves from the borders of the peduncular fur-

row; and the deviations (which some specimens pointing to the variety alatus show in this direction) are always very

small. In the small shell, whose traces of a pseudo-area lie opposite those of the large shell, these deviations show
themselves in a greater breadth of the furrow similar to the peduncular groovelike furrow which forms the splanch-

noccelic part of the area.

The crowding of the splanchnoccele into the beak of the large shell (which is conditioned by the high arching

and the uniformly slight thickening of the same) is only a more marked form of the groove-shaped excavation of the

base of the area. Shells whose beaks are more flatly arched show as a rule a more distinct thickening of the posterior

part, and, in connection therewith, an unexcavated, massive tip of the beak. The same is also the case with the small

shells of this species. Likewise the bridge supporting the peduncular furrow is foreshadowed in that the groovelike

hollowing out of the base of the area at the mouth of the peduncular furrow is transplanted into the splanchnoccelic part.

The inner configuration of the shells is, on account of the defective thickening, as a rule slightly pronounced. An
exception is formed by the spots of attachment of the central muscles of both shells and the median swelling of the

small shell, which are always easily perceptible. The former are shown deeply sunken in the large shell, and in the

roundish form characteristic for the Schmidtias, while the laterally situated places of attachment of the outside lateral

muscles are only slightly deepened, but are separated from those by a distinct ridge. In a small shell the places of

attachment of the central muscles appear in the form of strong protuberances. The median swelling is, in opposition

to that of 0. obtusus, at its anterior border (between the places of attachment of the anterior lateral muscles) undivided,

and posteriorly united with the feeble median septum. In a large shell the latter appears as a very sharp, small ridge.
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Of the remaining places of attachment of the muscles there are also plainly to be seen the ones lying in the neigh-

borhood of the area in the small shell, while they are lost, in the large shell, in the border of the excavation.

The central depression in the large shell is always very shallow.

Of the circulatory system are to be distinguished only the posterior ends of the principal vascular canals, under

the magnifying glass.

The accessory vessels and the peripheral canals, on the contrary, are so feebly developed on all the observed speci-

mens that only indistinct traces are perceptible by reflected light.

Formation and locality.—Upper Cambrian: OfeoZws sandstone at the following localities: (395)«' at Joa, near

Jegekcht, 12 miles {19.3 km.) east of Rcval; (395a) at Tihala, near Tegelecht; (395b) at Ilgast; (395c) at Asserien, 75

miles (121 km.) east of Reval; (395d) at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.) west

of Narwa; and (395e) at Isenhof, 85 miles (137 km.) east of Reval; all [Mickwitz, 1896, p. 183] in the Government of

Esthonia, Russia.

Obolus (Schmidtia) celatus (Volborth).

Plate XIV, figures 1, la-c.

TJngula ovata Pander, 1830, Beitrage zur Geognosie des russischen Reiches, p. 59, PI. XXVIII, fig. 6a-b (not

PI. Ill, fig. 23, referred to Obolus apoUinis). (Characterized in German.)

SchmidtiacelataYoLBOiiTii, 1869, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser., Bd. 4, pp. 209-212, PI. XVII,
figs. 1-6. (Described and discussed in German as a new species.)

Schmidtia celata Volborth, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 244,

figs. 248 and 249. (No text reference. Figs. 248 and 249 are copied from Volborth [1869, PI. XVII, figs. 1 and 4,

respectively].)

Schmidtia celata Volborth, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 560,

figs. 248 and 249. (Copy of preceding reference.)

Schmidtia celata Volborth, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 83, figs. 37 and

38. (No text reference. Figs. 37 and 38 are copied from the figures given in the two preceding references.):

Obolus (Schmidtia) celatus (Volborth), Mickwitz, 1896, Mem. Acad. imp. sci. St.-Petersbourg, 8th ser., vol. 4, No. 2,

pp. 159-163, PI. II, figs. 19 and 20. (Described and discussed in German; see below for translation.)

Obolus (Schmidtia) celatus orbiculatus Mickwitz, 1896, idem, pp. 163-165, PI. JI, figs. 21 and 22. (Described and dis-

cussed in German as a new variety.)

Obolus (Schmidtia) celatus prxcisus Mickwitz, 1896, idem, pp. 166-167, PI. II, figs. 37 and 38. (Described and discussed

in German as a new variety.)

Oholus (Lingulella) celatus (Volborth), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, PI. XXVI, figs. 1 and 2. (No

text reference. The specimens represented by figs. 1 and 2 are redrawn in this monograph, PL XIV, figs, la

and Ic, respectively.)

Obolus celatus orbiculatus (Mickwitz), Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 62. (New
locality mentioned in German.)

Obolus celatus orbiculatu.s (Mickwitz), Moberg and Segerbeeg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B,

No. 2 (Aftryck ur K. Fysiografiska Sallskapets Handl., N. F., Bd. 17), p. 65. (Mentions locality given in pre-

ceding reference, in Swedish.)

Obolus celatus orbiculatus (Mickwitz), WestergArd, 1909, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck

m- K. Fysiografiska Sallskapets Handl., N. F., Bd. 20), p. 56. (Locality mentioned in Swedish.)

The original description by Mickwitz follows

:

This species was first described by Volborth, who also gave us the fii-st knowledge of a part of the places of attach-

ment of the muscles. The first figure of a small shell is, however, found in Pander's above-cited work as TJngula ovata;

but this drawing lacks all internal characters with exception of the plate-shaped border of the shell, which Volborth also

mentions. Much more exact drawings of a whole series of Schmidtias (without names or description) are preserved

to us in a sheet among the papers left by Pander, which was kindly handed over to me by Professor Lahusen. The places

of attachment of the muscles, especially of the small shells, are in some of these figures present in full proportion,

but, to be sm'e, not disentangled as their individual constituent parts. Also on one specimen of a large shell are plainly

designated the principal and accessory vessels (which radiate inwardly). I have not utilized these drawings in any

present work, because my material is much more complete than that of Pander, and, moreover, the species described

by me could not with sufficient certainty be identified with the drawings in question.

Diagnosis: Shells small, slightly arched; arching of the small shell slighter than that of the large shell. Outline

of the shells roundish, umbonal border of the large shell rectilinear. Surface of shell very smooth and lustrous; con-

centric striation very fine, in thickness somewhat irregular. Anterior (Stirn) and lateral borders thin, sharp margined;

those in the small shell usually somewhat thickened, with the umbonal borders lying in one plane. Ai'ea small, in

the largs shell slightly interrupted in the peduncular fm-row; in the small shell, in the splanchnoccelic part, deepened

o Locality 395 is represented in tlie collections of tlie United States National Museum.
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into a depression; peduncular furrow shallow but plainly developed, slightly diminished toward the tip of the beak.

Traces of a pseudo-area bent slightly concave to the area lamellse at the median line of shell, converging into the

tip of the beak. Shells almost uniformly thick, toward the beak only a little thickened. Traces of the principal

vessels broad, shallow, little prominent; middle swelling and lateral furrows of the same scarcely projecting. Secondary,

inwardly radiating vessel traces in the large shell in the principal direction perpendicular to the principal vessels;

in the small one curved anteriorly, in both very indistinctly ramified. Central groove of large shell pestle-shaped,

with a slight swell. Apex of central groove relatively broad, somewhat drawn out, parallel-bordered, generally some-

what involved with the combined central places of attachment of the muscles. Median swelling of small shell dis-

tinctly developed, growing over into the median septum, at times separated by a fine median groove. Corneous

processes and sinus receding very much.

Observations: 0. celatus varies as all Obolus species in its external form and internal configuration of its shells.

The want of space, however, forbade the illustration of these alterations in a manner similar to that used for the prin-

cipal species of Eichwald's genus. I had to restrict myself to the illustration of the extreme members of the series of

forms. This remark concerns all species of the subgenus Schmidtia.

Aside fi-om the form figured by Volborth, some with circular outline and others with flattened anterior border

occur, which are connected with the principal forms by transitions and were demonstrated in their extreme members
as 0. celatus orbiculatus and 0. celatus prxcisus. To all members of this group, brought together as 0. celatus, a note-

worthy peculiarity of accessory nature is common which is lacking in the remaining species of the subgenus Schmidtia,

and which, therefore, may be looked upon as a further argument for the cospecificity of the forms mentioned. This

peculiarity is a fine netlike coating, which may be found on many of these shells and which often covers the surface

of the shell in several superimposed layers in the form of crusts. It may indicate the existence of a bryozoan.

Traces of the netlike coating are, however, also found in the specimens of the variety pi-s^'cisus.

The tip of the beak and the anterior border of the large shell de\'iate in some specimens fi'om the normal character

in such a manner that both recede somewhat from the level of the border of the shell; then in the corresponding small

shell the reverse occurs so that the closing of the shell is secm-ed. The receding of the beak is nevertheless never so

strong as, for example, in 0. obtusus. The flat plate-shaped border [Volborth, 1869, p. 210] of the small shell is formed

"by the last separated lamella of the border, which is marked oft from the remaining surface by the principal vessel

furrows which com-se along its inner border, and, in consequence of the flatness of the small shell, it stands out more
distinctly. In the large shell the principal vessel fm'rowsare moved more toward the interior of the splanchnocosle,

and as the shell also has a stronger arching, the lamellae of the border recede farther. Besides, this formation, which
is found in all species of the subgenus Schmidtia, is very variable in its strength and in some small shells hardly

perceptible. On the other hand, it at times also occurs in the large shells in which the peripheral canals play the same
part as the principal vessel furrows.

The surface of the area of the large shell in this species of the subgenus Schmidtia is least broken in the peduncular

furrow, and the area itself reminds one of that of the typical species, especially in that the traces of the pseudo-area

of the area lamellae converge into the tip of the beak. The pleurocrelic parts of the area of both shells are only

slightly prolonged into the lateraJ borders. On the other hand, the area of the small shell deviates from that of 0.

apollinis by the deepening of its splanchnocoelic part, which possesses in consequence of the special position of the

traces of the pseudo-area in this species a subtriangular form.

The form of the central groove varies within rather wide limits. Through lateral restraint of the posterior part of

the protruded parallel-bordered tip there results an hregular biscuit-shaped outline, and through compression of the

posterior broad part of the central groove in the median direction, a simultaneous shortening and tapering of the anterior

part. Some shells show the protruded tip laterally compressed, so that only a narrow groove is left, which is then as a

rule inclosed by strong swellings. In others this groove possesses a breadth which almost equals the posterior part of

the central groove. All these alterations of form, which seem subject to no law, are also peculiar to all other species

of the subgenus.

The side septa and median septum are, even if slightly, developed in both shells. The former as a rule stand

out more distinctly in the large shells; the latter, however, in the small ones, where it is more distinctly expressed,

appears as a prolongation of the always strongly pronounced median swelling.

The corneous processes and the sinus of the small shell are rarely to be distinguished. Yet in some specimens,

in reflected light under a lens, two fine ridges are seen, which converge from the external sides of the places of attach-

ment of the central muscles toward the beak and, with the median swelling, form a triradiate figure.

In spite of their minuteness the places of attachment usually stand out distinctly, especially those of the central

muscles, which in both shells as a rule are let down deeply with swelled borders. Also the separation of the combined
places of attachment is attained with the help of a lens, although naturally with more difficulty than in the larger forms

of Eichwald'sgenus. It is very difiicult to perceive the places of attachment of the transmedian and the combined places

of attachment of the outside and middle lateral muscles in the small shells. The places of attachment of the central

muscles, as also those of the outside and middle lateral muscles of the large shell, have more roundish forms and are

not so closely connected as in the species of the subgenus Euobolus. Noteworthy is also the somewhat deviating

position of the places of attachment of the central and anterior lateral muscles in the small shell.

The direction of the longitudinal axes converge, in the former toward the beak, in the latter toward the anterior

border. As these places of attachment have in by far the most cases a pronounced elongate form, this position is very

striking and was also noticed by former observers [Volborth, 1869, p. 210].
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Little is to be said of the vessels. It is the easiest, especially in the small shells, to distinguish the peripheral

canals, which lie on the plate-shaped border and are usually perceptible under the lens. It is more difficult to per-

ceive the principal vessels. They easily lose themselves in the small shell in the terrace of the plate-shaped border

and are but seldom perceptible in the large shell in spite of their freer position.

The lateral vessels sink in their minuteness to microscopic sizes and are distinguishable only in exceptional cases

by use of strong enlargement. This is particularly the case in the ramifications, which are very indefinite in this

species. The figured specimens allow the vessel system to be perceived very faintly under the lens.

As a rule the parietal band is seen, and it is also faintly suggested in the figures. In the small shell it also stands

out on account of the fine-grained character of the splanchnocoelic part of the shell.

Formation and locality. «—^Upper Cambrian: Obolus sandstone at the following localities: (395) At Joa, near

Jegelecht, 12 miles (19.3 km.) east of Reval; (395a) at Tihala, near Jegelecht; (395b) at Ilgast; (395o) at Asserien, 75

miles {121 Im.) east of Reval; (395d) at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.) west

of Narwa; and (395e) at Isenhof, 85 miles (137 km.) east of Reval; all in the Government of Esthonia, Russia.

Obolus conglomerate at the following localities: (395g) At Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval;

(395h) at Tihala; (3951) at Ilgast; (395j) at Asserien, 75 miles (121 km.) east of Reval; (395k) at Ontika, about 95 miles

(153 km.) east of Reval and 30 miles (48 km.) west of Narwa; (3951) at Isenhof, 85 miles (137 km.) east of Reval; all in

the Government of Esthonia, Russia.

Sandstone below the Obolus conglomerate at the following localities: (395m) At Joa, near Jegelecht, 12 miles

<19.3 km.) east of Reval; (395n) at Tihala; (395o) at Ilgast; (395p) at Asserien, 75 miles (121 km.) east of Reval; (395q)

at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.) west of Narwa; and (395r) at Isenhof, 85 miles

(137 km.) east of Reval; all in the Government of Esthonia, Russia.

(336o) Ungulite grit at Koporje, Government of St. Petersbui-g; and (336p) Ungulite grit at Eunitz, Government

of Pskow; both in Russia.

Schmidtia conglomerate (part of the Obolus conglomerate) at the following localities: (395s) At Asserien, 75 miles

(121 km.) east of Reval; (395t) at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.) west of Narwa;

and (395u) at Isenhof, 85 miles (137 km.) east of Reval; all in the Government of Esthonia, Russia.

(321d) Drift bowlder of Obolus sandstone. No. 21 [Wiman, 1902, p. 68], on Fanton Island, parish of Borstil,

Province of Stockholm, Sweden.

Obolus (Schmidtia) crassus Mickwitz.

Plate XIV, figures 4, 4a-d.

Obolus (Schmidtia) crassus Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 187-193,

PL II, figs. 47^9, 52-55. (Described and discussed in German as a new species; see below for translation.)

Obolus {Schmidtia) crassus angulatus Mickwitz, 1896, idem, pp. 193-194, PI. II, figs. 50 and 51. (Described and

discussed in German as a new variety.)

The original description by Mickwitz follows

:

Obolus crassus is the most abundant species of the subgenus Schmidtia. Its shells are massively built and to this

circumstance we are indebted for the remarkably strong development of all the internal characters, a development

which has been of the greatest importance in rendering possible the determination of the organization of the genus

Obolus Eichwald. With the large choice of well-preserved shells, specimens are found which preserve the finest detail,

as, for example, the outwardly and inwardly radiating accessory vessels, the opening of the principal vessels of the

large shell into the peripheral canal, etc. This development of the inner characters, standing alone among all the

Obolus species, which, so to speak, forms the basis of the anatomical part of the present work, and in many doubtful

cases has proved decisive, was the cause of directing to the shells of 0. crassus especial attention, which finds expression

in the increased number of figures and measurements.

Diagnosis: Shells small, thick. Large shell (ventral valve) strongly arched, small shell (dorsal valve) less so.

Outline of shells broadly oval, umbonal borders convex. Surface of the shell faintly polished; concentric striation

rather fine, not uniform. Growth lamellse bordered by quite deeply engraved lines, toward the anterior border not

strongly projecting. Shell borders massive, blunt; plate-border formation slightly developed. Anterior border

and tip of the beak of the large shell mostly receding a little from the plane of the lateral border; in the small shell

projecting. Area very large, triangular, unevenly striate. In the large shell somewhat broken in the peduncular

groove; in the small one slightly deepened in the splanchnocoelic part; in both slightly excavated into furrows at the

almost rectilinear base. Peduncular groove deeply cut, narrowing slightly toward the tip of the beak. Traces of

the pseudo-area strongly developed, rectilinear, more or less converging posteriorly, separating the lateral borders.

Thickening of the shell quite regular, somewhat stronger at the splanchnocoelic part. Septa of both hardly per-

ceptible. Corneous processes of the small shell suppressed by the strongly developed median swelling, which includes

the entire protruded splanchnoccele and fills the sinus. The median swelling has a fine median furrow at the anterior

border. Central groove of the large shell as a rule deeply sunken and bordered by swellings. Posterior part very

broad, anterior projecting tip parallel-bordered.

a Locality 395 is represented in the collections of the United States National Museum; the remaining localities are taken from the references

given in the synonymy. The authority tor each locality cited is given in the list of localities, pp. 161-291.
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Principal vessel furrows broad and flat. Central swelling of same slightly pronounced. Central swelling of the

peripheral canals mostly separated into square sections by furrows which are parallel, directed obliquely outward,

and which subside posteriorly. Secondary inwardly radiating vessel furrows strongly and iiTegularly branched; in

the large shell perpendicular in their principal dii-ection to the principal vascular canals; the posterior ones running

out into the interior of the brachioccele, those more anteriorly placed bending toward the peripheral canal and
opening into the same. In the small shell these furrows take an oblique direction, anteriorly and internally from

the lateral parts of the principal vascular canals but posteriorly and externally from the parts turned off toward the

places of attachment of the anterior lateral muscles. Secondary outwardly radiating vascular traces in both shells

rectilinear, perpendicular to the principal vascular furrows, plainly forked, close before the opening into the

peripheral canal.

Places of attachment of the muscles in both shells strongly sunken, those of the central and outside lateral muscles

of the large shell oval, somewhat separated from one another by a small swelling.

Parietal band in both shells plainly developed, normally running out, brought out through the fine-grained condi-

tion of the surface

.

Observations: 0. crassus reminds one, in the form of its shell, of 0. acuminatus in relation to the position of the

traces of the pseudo-area; it takes, on the contrary, an intermediate position between 0. celatus and 0. obtusus. The
relations to 0. acuminatus have abeady been mentioned (p. 443). Further, at the same place it was pointed out

that the traces of the pseudo-area of both species (0. crassus and 0. celatus) converge posteriorly. The difference in

the position of the converging pseudo-areas of the two last-named species is, however, very essential and consists in the

fact that in 0. celatus the same opens into the tip of the beak; with 0. crassus, on the contrary, the borders of the area

intersect at a certain distance from the beak. The last can, under some circumstances, become so large that the traces

of the pseudo-area maintain a subparallel position which reminds one of that in 0. obtusus. A confounding of the two
species in this rarely occurring case is meanwhile excluded on account of the high triangular area and the deviating

form of the shell of 0. crassus. In a majority of the shells the convergence of the traces of the pseudo-area is dis-

tinctly pronounced.

The high, coarsely striate area has a plump form in consequence of the pleurocoelic part being only slightly drawn out

into the lateral borders, and on account of its convex external borders, which contrast strongly with those of 0. celatus. Its

base runs almost straight, is always composed, in common with the other species of the genus Obolus, of three shallow

curves, and is slightly grooved; tip in the large shell usually recedes somewhat from the plane of the shell borders.

The break in the surface of the area in the large shell, in the peduncular, is insignificant but somewhat stronger than
in 0. celatus; the sunken splanchnoccelic part of the area in the small shell has a trapezoidal form, in consequence of

the special position of the traces of the pseudo-area, and is somewhat hollowed out in the median direction. * * *

The profile of the shell borders shows in both shells, as a rule, a straight line; in the small shell it is at times

slightly bowed concavely. The shell borders themselves are, corresponding to the thick condition of the shells of

this species, thicker and less sharp than with the other species of the subgenus Schmidtia.

The external surface of the shell possesses a rather coarse concentric striation, which becomes somewhat stronger

toward the anterior border, but does not stand out in the projecting intricate form as observed in other species of

the subgenus.

The character of the internal surface of the shell offers in general the same picture which we have learned to know
in 0. celatus. With the majority of the shells the central pit has the normal, pestle-shaped form, and is inclosed by
a more or less pronounced swelling. One specimen shows the latter at the posterior border and on the sides of the

depression swollen up. With another specimen it is, on the contrary, entirely absent and the central depression appears

shallowed and indefinitely bordered. This shell is in a somewhat abnormal condition. It shows in profile an arrest

of growth through which the greatest height is shoved toward the beak. At the same time it shows the places of

attachment of the central muscles as thick protuberances—especially on the right side. The septa of both shells are

very weakly developed, likewise the corneous processes of the small shell, which, as with all Schmidtias, recede before

the powerfully developed median swelling. The latter is in its anterior half provided with a fine median groove.

In reference to the places of attachment of the muscles of 0. crassus there is nothing essential to be added to the

condition found in the other Schmidtias. They are found here in exactly the same position and condition as in the

other species of the subgenus, so far as the modified form of the shells does not condition slight alterations. It is at

all events to be insisted upon that these characters in the present species are found in a condition of distinctness, which
the remaining species of the subgenus do not show in equal degree.

Into the circulatory system of 0. crassus, on the contrary—which, through its prominent development and preser-

vation, explains many conditions which, in the other species, must remain undecided—I shall enter more closely.

The principal vessels of the large shell of this species are moved somewhat nearer to the median line than in 0.

celatus and at tinies acquire a subparallel position. This character, nevertheless, is extremely variable and is dependent
on the form of outline of the shell. Broader forms show these traces more approximated to the border of the shell.

In the small shell the principal vessel furrows run in the manner known near the border of the shell and parallel to

the same. The opening of the principal vascular canals of the large shell into the peripheral canal is plainly to be
seen under a lens by reflected light. * * *

The peripheral canals show a peculiar formation, which hitherto has not been noticed in the other species of the

subgenus Schmidtia. The median swelling of the peripheral canals (especially at its posterior parts) is separated by
short, obliquely placed cross furrows, which anteriorly run inward, posteriorly outward, into a series of small square

sections, which as a whole resemble a twisted ribbon. This character is somewhat inconstant and seems to appear
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only in those shells whose characters, upon the whole, are strongly pronounced. It is self-evident that such fine

particularities are only perceptible by strong magnification in reflected light; they could not be distinctly reproduced

without impairing the value of the figures.

The secondary vessels, which radiate inwardly, vary essentially both in their course and in the manner of their

ramification. In the large shell, as a rule, they ramify rectilinearly and perpendicularly to the principal vessels and

throw off short branches to both sides; only those which lie more anteriorly curve toward the anterior border and

open between the principal vascular furrows into the peripheral canal.

The accessory vessels run out entirely different in another specimen. Here they fork shortly after branching off

from the principal vessels and take their course to the posterior part of the shell. Nothing is to be seen of an opening

into the peripheral canal of the anterior border. Lastly, another shell, where these organs leave the most indistinct

traces, shows an iiTegular confusion of treelike ramified canals, the directions of which seem to alter by every turning

of the shell under the lens.

The accessory vessels of the small shell, which radiate inwardly, show similar differences. As a rule, the accessory

vessels issuing from the central part of the principal vessels, turn anteriorly immediately after their exit from the

latter, and are slightly cm'ved in the shape of an S and hardly ramified. Only those lying at the extreme back bend

into the angular spaces of the brachiocoele, which are formed by the parietal band; the accessory vessels, however,

which ramify from the anterior, inwardly bent «nds of the principal vessels, run rectilinearly posteriorly. Another

specimen, however, shows the central accessory vessels directed more posteriorly and very strongly ramified.

What significance these essential deviations have in the systematic aspect can not, however, be established at

present. No correlation has hitherto been obtained.

The secondary outwardly radiating vascular traces correspond, in all examined specimens, in regard to their

arrangement and course. Branching off perpendicularly to the principal vessels, the straight, short traces fork before

opening into the peripheral canal.

As in 0. celatus, the parietal band may be followed as a fine furrowed swelling, and where perceptible traces are

lacking it is often established through the difference in the character of the surface of the splanchnocoele and

brachiocoele.

This form owes its specific name to the massiveness of its shells.

Formation and locality. «—Upper Cambrian: Obolus sandstone at the following localities: (395) At Joa, near

Jegelecht, 12 miles {19.3 km.) east of Reval; (395a) at Tihala, near Jegelecht; (395b) at Ilgast; (395c) at Asserien,

75 miles (121 km.) east of Reval; (395d) at Ontika, about 95 miles (153 km.) east of Reval and 30 miles (48 km.)

west of Narwa; and (395e) at Isenhof, 85 miles (137 km.) east of Reval; all [Mickwitz, 1896, p. 192] in the Government

of Esthonia, Russia.

Obolus (Schmidtia) obtusus Mickwitz.

Plate XIV, figures 3, 3a-c.

Obolus (Schmidtia) ohtusus Mickwitz, 1896, M^m. Acad. imp. aci. St.-P6tersbom-g, 8th ser., vol. 4, No. 2, pp. 167-171,

PI. II, figs. 23, 24, 33, and 34. (Described and discussed in German as a new species; see below for translation.)

OboliLs (Schmidtia) obtusus longus Mickwitz, 1896, idem, pp. 171-172, PL II, fig. 25. (Described and discussed in

German as new variety.

)

Obolus (Schmidtia) obtusus acutus Mickwitz, 1896, idem, pp. 172-173, PL II, fig. 26. (Described and discussed in

German as a new variety.

)

Obolus (Schmidtia) obtusus latus Mickwitz, 1896, idem, pp. 174-175, PL II, fig. 27. (Described and discussed in Ger-

man as a new variety.)

Obolus (Schmidtia) obtusus minutus Mickwitz, 1896, idem, pp. 17.5-177, PL II, figs. 29 and 30. (Described and discussed

in German as a new variety.

)

Obolus (Schmidtia) obtusus ellipticus Mickwitz, 1896, idem, pp. 177-178, PL II, figs. 31 and 32. (Described and dis-

cussed in German as a new variety.)

Obolus (Schmidtia) obtusus extenuatus Mickwitz, 1896, idem, pp. 178-179, PL II, figs. 35 and 36. (Described and dis-

cussed in German as a new variety.)

Obolus obtusus (Mickwitz)?, Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, Bd. 6, pt. 1, No. 11, p. 63, PL III, fig. 12.

(New locality mentioned in German.)

Obolus obtusus (Mickwitz)?, Moberg and Segeeberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 2 (Aftryck

ur K. Fysiografiska Sallskapets HandL, N. F., Bd. 17), p. 65. (Locality mentioned in Swedish.)

Obolus obtusus (Mickwitz)?, Westerg.Ird, 1909, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck ur K.

Fysiografiska Sallskapets HandL, N. F., Bd. 20), p. 57. (Locality mentioned in Swedish.)

The original description by Mickwitz follows

:

This extraordinary species, whose principal characteristics consist in the peculiar character of the area which is

predominantly prolonged, consists of a large number ot shells, which do not essentially deviate in outline and size.

All of these forms are rare; of some of them only one was found; in consequence, their cospecificity could not be proven

a Locality 395 is represented in tlie United States National Museum collections
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in all cases through transitions. I was for a long time undecided as to whether I should refer all of these aberrant

shells to one species. Nevertheless, the fact that deviations in a much greater measure are not extraordinary in other

Obolus species, and, furthermore, the fear of multiplying the number of species without decisive reason, and, lastly,

the correspondence of the different forms in the mentioned principal characters persuaded me to look upon the entire

group as belonging to one species. The characteristic form was erected into a species and the others were subordinated

to it as varieties. However, it is possible that with more complete material the one or the other variety will be removed

from the species. At present this arrangement will make easy the general view of the forms.

Diagnosis: Shells moderately large, flatly arched, drawn out lengthwise. Outline subtriangular. Tip of beak

of the large shell somewhat protruded, obtuse-angled, externally obliquely truncated; small shell almost rectilinearly

cut off. Borders of the beak of the large shell receding from the plane of shell borders, going over into the lateral

borders with a roundish angle. Exterior surface of shell very smooth, strongly lustrous like varnish, concentric striae

very fine. Growth lamellse marked by somewhat coarser grooves, commonly standing out at the anterior border like

shingles. Area large, splanchnocoelic part broad, band-shaped; pleuroccelic part prolonged far into the lateral bor-

ders. Plane of the area of the large shells broken in the peduncular groove, in the small shell depressed into broad

grooves between the traces of the pseudo-area. Traces of the pseudo-area parallel in both shells very near to borders of

area. Peduncular groove broad, flat, parallel bordered. Thickening of shell slight, inner configuration slightly pro-

nounced. Central depression of large shell pestle-shaped, at times indefinitely flattened. Septa and corneous proc-

esses receding very much. Median swelling of small shell strongly developed, divided by a sharp furrow between

the places of attachment of the anterior lateral muscles. Places of attachment of the muscles distinctly pronounced.

Those of the outside lateral muscles of large shell circular, standing off from those of the central muscles and mostly

separated by a roundish swelling.

Observations: The few shells of this relatively rare species which are at hand in finest preservation do not allow

some necessary characters of the visceral surface to be distinguished. Especially the impressions of the lateral vessels

are withdrawn from observation, although just these characters, through their wonderful development and preserva-

tionin some species of the subgenus Schmidtia (e. g., in 0. celatus and O.'crassus), make possible in the highest degree

the study of the vascular system in Eichwald's genus. Yet, in spite of the incomplete characterization, 0. obtusus

belongs to the best-defined species of the subgenus Schmidtia.

The peculiarity shows itself for the first in the predominant prolongation and the slight arching, which find their

numerical expression in the respective value of b : 1 and h : 1. These relative numbers are in 0. obtusus smaller than in

all other species of the subgenus. * * *

To the longitudinally extended form now comes the broad obtuse-angled tip of the beak, which gives the shells a

subrectangular outline, and by which 0. obtusus is distinguished as well from all other species of the subgenus Schmidtia

as from those of the other subgenera. The tip of the beak of a large shell loses its blunt form, and the rounded angle

of the posterior border of the shell disappears, so that the outline becomes more broadly oval. In similar manner

the small shell is changed. The corners of the blunted tip of the beak become round, and the rectilinearly truncate

tip of the beak assumes a slightly convex form.

Of less specific account than the form, but not less striking to the eye, is the more considerable size of the shells,

which surpasses that of all other species of the subgenus Schmidtia, the average length of the large shell being 6.47

mm., while the corresponding valve of the next largest species (0. crass^us) only attains 5.96 mm. These results refer

to the species with the exception of the varieties; of the latter, 0. obtusus longus has a still more considerable length

(7.7 mm.).

The exterior smface of the shell of a specimen figured shows some short, radially placed, slight furrows on the

central part of the surface; the furrows are lacking on the posterior borders. This striation can, however, only be looked

upon as an occasional formation, for, even if slight furrows of the same kind can be noticed in another specimen, they

are entirely missing in all other shells examined. Isolated striae of this kind also occm' in the other Schmidtias.

The formation of the area is very aberrant. While this part of the shell is generally triangular in the other species,

it assumes in 0. obtusus the form of a broad band, which hems the tip of the beak and is prolonged far into the borders

of the shell. The splanchnocoelic part of the base of the area runs parallel to the borders of the beak and is, corre-

sponding to the tip of the beak, angled in the peduncular furrow. In the small one it is rectilinear or slightly concave.

The surface of the area of the large shell sinks, as in 0. celatus, only in a far stronger degree, from both sides toward

the peduncular groove; besides this the whole surface of the area inclines obliquely toward the exterior, so that the

borders of the beak recede from the surface of the border of the shell. The gap of the surface of the area in the pedun-

cular groove is partly a consequence of the deficient thickening of the posterior part of the shell, which causes the lamellae

of the area to appear as a mere covering of the hollow tip of the beak; yet it is partly brought about by a slight lateral

compression of the tip of the beak, which is also indicated at the exterior surface of the shell through a slight roundish

median edge perceptible in reflected light. In the small shell these conditions occur in a similar manner, but stand

out less distinctly.

Especially characteristic for this species is the position of the traces of the pseudo-area, which run parallel to the

median line of the shell and are very near the lateral borders of the area. In some the posterior part of these ti'aces

seems to bend toward the tip of the beak with a roundish angle. Yet in nature the traces of the pseudo-area run recti-

linearly to the posterior border of the beak and the deflecting apparent prolongations of the same are only accidental

examples of more strongly sculptured striae of the area.

62667°—VOL 51, pt 1—12 29
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This position of the traces of the area, which is far removed from the peduncular groove, appears to point to the

relative size of the embryonal shells—a conjectui'e to which the consideration of the broad, parallel-bordered peduncular

groove of 0. obtusus has already led. In the small shell, the traces of the pseudo-area run exactly in the same man-

ner, and inclose the flatly deepened splanchnocoelic part of the area between them, which allows a shallow, rather

broad groove in the median line, opposite the peduncular groove of the large shell, to be perceptible by reflected

light.

The thickening of the shells is generally very slight, and therefore the configuration of the inner surface stands

out but little. Nevertheless, predominant fluctuations occur also in this species. It is noteworthy that of all the

formations which stand out from the sm'face of the shell, the median swelling of the small shell is the most given

to variations, which often degenerate in a monstrous manner. * * * Xhe heart-shaped groove is given to

similar alterations of form as we have learned in 0. celatus, and may be partly dependent on the strength of the

thickening * * *.

The places of attachment of the muscles are in general distinctly pronounced, but not so sharply bordered as with

the large forms of Eichwald's genus. Especially there are here also, as with 0. celatus, the large central spots of attach-

ment of the large shell, only with difficulty decomposable into their constituent parts. As with the previous species,

the outside lateral muscles are delimited from the central muscles and form, close to the principal vascular canals,

isolated, shallow-pitted, excavated places of attachment.

Of the principal vascular canals there can be distinguished on all the specimens at hand, in both shells, only the

posterior parts; in the small shells, besides, as a rule, also the ends, curved around posteriorly and du-ected toward the

places of attachment of the anterior lateral muscles. The first are very broad, flat, and divided by a median swelling,

which often appears to be a prolongation of the lateral septa. The latter in no way deviates from the usual arrange-

ment. Of the accessory vascular' canals there can be observed only slight indications of the inwardly radiating canals,

which show as somewhat lighter colored lines.

Formation and locality."—^Tipper Cambrian: Obolus sandstone at the following localities: (395) At Joa, near

Jegelecht, 13 miles {19.3 km.) east of Reval; and (395b) at Ilgast; both [Mickwitz, 1896, p. 171] in the Government

of Esthonia, Russia.

(321c [Wiman, 1902, p. 68]) Drift bowlder of Obolus sandstone. No. 17, on Fanton Island, parish of Borstil,

Province of Stockholm, Sweden.

WESTONIA Walcott,6 subgenus of OBOLTJS.

Obolus ( Westonia) Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 683 and 691. (Described on latter page, as below,

as a new subgenus.)

{Westonia) Walcott, Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 205-206. (Copies

original description, and discusses the form as a subgenus more allied to Lingulella than Obolus.)

Lingulella Grabau and Shimer [not Salter], 1907, North American Index Fossils, vol. 1, p. 192. (Described as

Lingulella, but both species that are referred to it belong with Obolus {Westonia).)

Obolus { Westonia) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification

of genus.)

Ovate, with ventral valve slightly acuminate; area of ventral valve strongly defined and

divided by a relatively large pedicle groove. Surface marked by concentric and radiating

striae that are crossed by transverse, semi-imbricating, "ripple-embossed" lines. So far as

known, the muscle scars and vascular marldngs are essentially the same as in Oholus.

Type.—Lingula aurora Hall.

Of the species referred to Westonia, Oholus ( Westonia) aurora (Hall), 0. ( W.) ella (Hall and

Whitfield), 0. {W.) eughjphus (Walcott), 0. ( W.) chuarensis (Walcott), 0. ( TF.) stoneanus

o Locality 395 is represented in the United States National Museum collections.

b The s3^nonymy for this subgenus does not give a complete record of the various genera under which the species now included in Westonia

were formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed;

Lingula Hall [1861, p. 24].

Lingula Rogers [isei, p. 390; 1862, p. 4; 1863, pp.

126 and 127; 1867, pp. 103 and 104].

Lingulella Hall [1873, p. 244],

Lingulepis Hall and Whitfield [1877, p. 232].

Lingula Barrande [lS79b, Pis. CVI and CXI].

Lingulella Whitfield [1882, p. 344].

Lingulella Walcott [1886b, p. 97; 1891a, p. 607].

Lingulella Hall and Clarke [1892c, p. 58 and PI. II,

figs. 9-11 and 12-13].

Lingula Sardeson [1896, p. 95].

Lingulepis Walcott |1897a, p. 404].

Obolus (Lingulella) Walcott [1898b, pp. 399, 402,

and 413, and PI. XXVIII].

Lingulella Grabau [1900, p. 624].

Lingulella ? Matthew [1901a, p. 270].

Lingula Wiman [1902, p. 51].

Lingulella? Wiman [1902, p. 52].

Obolus Matthew |1902c, pp. 96 and 110].

Obolus (Westonia) Walcott [1902, p. 611].

Lingulella Weller [1903, p. 112].

Obolus (Westonia) Walcott [1905a, pp. 334, 335, 336,

and 337].

Lingulella Pack [1906, p. 296].

Lingulella (Westonia) Grabau and Shimer [1907,

p. 193].

Obolus (Westonia) Walcott [1908d, pp. 67, 68, and 69).
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(Wliitfield), 0. (IF.) rogersi (Walcott), 0. (TF.?) lamellosus (Barrande), and 0. (TF.) escasoni

(Matthew) all have transverse, irregular, elevated lines. In 0. (W.) stoneanus and 0. (W.)

rogersi these lines have two or three sharp undulations near the median line, and in 0. (W.)

aurora many short and more or less irregular undulations occur on the entire central portion of

the shell. Beyond the short, central undulations, more or less wave-like, long undulations extend

to the sides of the valve, usually with a slight backward curvature toward the margin.

Oholus (Westonia) Jinlandensis Walcott, 0. (W.) lottnicus (Wiman), and 0. (W.) wimani

Walcott, of the Middle (possibly Lower) Cambrian sandstones of Sweden, differ in surface

characters from the typical species of the genus. In these species the concentric lines and strise

of growtli are weU marked, also radiating hnes that extend from the umbo irregularly toward

the front and side margins of the shell. In addition there is a series of somewhat irregular

striae or lines that terminate at right angles to the lateral margin, start in toward the center of

the sheU, and then curve backward so as to meet at the center, or merge apparently into the

radiating striae (PI. XLVIII, figs. 3 and 3a). These lines were apparently formed by the same

agency (the front margin of the mantle) that formed the various irregular, more or less trans-

verse lines on the other species of the genus. The two other species from the sandstones of

Sweden, 0. ( W.) dlandensis Walcott and 0. ( W.) halticus Walcott, appear to have the typical

Westonia surface represented on 0. ( W.) ella, although it is exceedingly fine.

The generic name was given in honor of Mr. T. C. Weston.

Obolus (Westonia) alandensis Walcott.

^
Plate XLVIII, figures 6, 6a.

Lingular sp. No. 2, Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 52, PI. II, fig. 39. (Locality

given.)

Lingulella ? sp. No. 3, Wiman, 1902, idem, p. 52, PI. II, fig. 33. (Locality given. The specimen represented by iig. 33

is redrawn in this monograph, PL XLVIII, fig. 6.)

Lingulella '? sp. No. 5, Wiman, 1902, idem, p. 52, PI. II, fig. 35. (Locality given. The specimen represented by fig. 35

is redrawn in this monograph, PL XLVIII, fig. 6a.)

Obolus {Westonia) alandensis Walcott, 1905, Proc. IT. S. Nat. Mus., vol. 28, p. 334. (Discussed essentially as below

as a new species.)

This species is characterized by its broad form when compared with Oholus ( Westonia)

hottnicus (Wiman), 0. ( W.) wimani Walcott, and 0. ( W.) halticusWalcott. Its surface is marked
by fine concentric lines of growth, with very fine, threadlike, concentric striae between them.

In strong, reflected light, almost microscopic, transverse, very irregular lines can be seen that

give the surface somewhat the appearance of that of 0. (W.) ella (Hall and Whitfield).

For reference to the geological horizon of bowlders on Eggegrund Island, similar to the

ones containing this species, see description of 0. ( W.) hottnicus Walcott, p. 454.

The species derives its specific name from its occurrence on Aland Island.

Formation and locality.—Middle? Cambrian: (SXlj and 311k) Drift bowlders of bituminous sandstone, Nos.

28 and 29 [Wiman, 1902, p. 57], on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of Gefleborg;

and (311m) drift bowlder of bituminous sandstone, No. 1 [Wiman, 1902, p. 57], on Limon Island, about 12 miles (19.3

km.) northeast of Gefle, Province of Gefleborg; all in Sweden.

(311y) Drift bowlder of rusty sandstone [Wiman, 1902, p. 57], at Ytternds, Slevnnern, Aland Island, Finland, Russia.

Obolus (Westonia) axiroea (Hall).

Plate XLVI, figures 1, la-h.

Lingula aurora Hall, 1861, Rept. Supt. Geol. Survey Wisconsin, p. 24.

Lingula aurora Hall, 1862, Rept. Geol. Survey Wisconsin, vol. 1, p. 21, fig. 4. (No text reference.)

Lingula aurora Hall, 1863, Sixteenth Ann. Rept. New York State Cab. Nat. Hist., pp. 126-127, PL VI, figs. 4 and 5.

(Described and discussed.)

Lingula aurora Hall, 1867, Trans. Albany Inst., vol. 5, pp. 103-104, PL I, figs. 4 and 5. (Copy of preceding reference.)

Lingulella aurora Hall, 1873, Twenty-third Ann. Rept. New York State Cab. Nat. Hist., pp. 244-245. (Merely

changes generic reference
.

)
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lAngulella aurora (Hall), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, PL II, figs. 12 and
13. (No text reference.)

Lingula aurora Hall, Sardeson, 1896, Bull. Minnesota Acad. Nat. Sci., vol. 4, No. 1, pt. 1, p. 95. (New localities

mentioned.)

Obolus (Westonia) aurora (Hall), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes generic

reference.)

Lingulella aurora (Hall), Grabat; and Shimbr, 1907, North American Index Fossils, vol. 1, p. 193. (Described.)

General form broadly ovate, with the dorsal valve almost subckcular, except for the gentle

slope of the cardinal margins toward the low obtuse beak. The beak of the ventral valve is

almost invariably broken off, as shown in Plate XLVI, figures la to Id. If the cardinal slopes

are restored, as in figure Ic, the form of the beak is rather obtuse. Original convexity unknown,

as aU of the large number of specimens in the collection are compressed and often flattened on

the surface of the shaly sandstone. It appears to have been moderate like that of Lingulella

amfla (Owen) and Oiolus (Westonia) stoneanus (Whitfield). The shell appears to have been

built up of a thin outer laj^er and thin lamellose inner layers. On some of the casts of the valves

the character of both the inner and outer surface markings is shown.

The outer surface of the shell is marked by concentric striae and lines of growth and a

complex system of lamellose striae. The latter are almost directly transverse near the sides of

the shell and curve slightly backward over the central portion, where they have a sharp zigzag

character that is highly characteristic (PI. XLVI, figs. Ig and Ih). When the outer surface of

the shell is exfoliated the surface is marked by concentric lines and striae and fine radiating striae

(figs. 1 and lb). This latter surface is probably caused by the markings of the inner surface of

the shell and the inner surface of the outer layer or lamella, as is seen so frequently in the shell

of Lingulella acutangula (Roemer) (PL XVII) and Dicellomus folitus (Hall) (PI. LII). The
appearance of several specimens leads to the conclusion that the interior surface was more or

less punctate. It frequently happens that the outer surface of the shell is worn nearly smooth,

the only remaining traces of the beautiful surface ornamentation being toward the beak, or a

spot here and there protected by a strong raised line of growth.

This is one of the largest sheUs of the genus. A ventral valve from Mazomanie is 21 mm.
long, with a maximum width of 17 mm., and an associated dorsal valve is 17.5 mm. long and 17

mm. in width. The cardinal area is well defined in both valves. In the ventral valve it is

divided at the center by a strong pedicle groove and toward its margins by narrow, clearly

defined flexure lines. The striae of growth cross the area parallel with its base (PI. XLVI, fig. Ic)

.

The area formed a thin shelf between the pedicle groove and the lateral margins, and the

undercut extended back beneath the area, but how far can not be determined, as the cast of it

is broken away in the specimens in the collection.
'

The area of the dorsal valve is short as compared with that of the ventral valve. It extends

weU out on the cardinal slopes, and has a very faintly indicated flexure line near the lateral

margin. The cast of the visceral cavity (v) is partly shown in figure la. There is a peculiar

apron-like area that extends forward from the flattened cast of the pedicle groove (PI. XLVI,
figs. Ib-d) that probably represents a broad groove that existed in the interior of the shell

back of the visceral cavity. No clearly defined muscle scars have been observed.

Ohservations.—The surface ornamentation is very characteristic, and is of the same general

type as that of Oholus (Westonia) ella. (Compare PI. XLVI, fig. Ih, with PL XLVII, fig. lo.)

The outline of the valves is somewhat like that of Lingulella am/pla (Owen) (PL XXVIII).

It difl^ers in being wider in proportion to the length. As pointed out by HaU, Oholus (Westonia)

aurora is from the upper beds at Mazomanie and Lingulella ampla from the lower beds at

Trempealeau.

PoEMATioN AND LOCAUTT.—^Upper Cambrian: (S85x)o In the upper beds of the "St. Croix sandstone," near Mazo-

manie, Dane County; (85s) "St. Croix sandstone," at Prairie du Sac, Sauk County; (78, 78c, and 78s) "St. Croix sand-

stone" at Osceola, Polk County; (79) "St. Croix sandstone," in bluff near Hudson, St. Croix County; (86) "St.

a S86x is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected much later than the type specimens. The species also occurs in Localities 3281 and 328p.
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Croix sandstone," at Van Ness quarry, Gibraltar Bluff, Lodi, Columbia County; and (338b) St. Lawrence formation

[Sardeson, 1896, p. 95], at Osceola, Polk County; all in Wisconsin.

(339a) St. Lawrence formation [Sardeson, 1896, p. 95], at Otisville, Washington County; and (97 and 339c) Reeds
Landing, foot of Lake Pepin, Wabasha County; both in Minnesota.

Obolus (Westonia) balticus Walcott.

'^ Plate XLVIII, figures 7, 7a-b.

LinguleUa? sp. No. 4, Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 52, PI. II, figs. 37 and
38. (Locality given. The sisecimens represented by figs. 37 and 38 are redrawn in this monograph, PI. XLVIII,
figs. 7a and 7b, respectively.)

LinguleUa f sp. No. 6, Wiman, 1902, idem, p. 52, PL II, fig. 34. (Locality given. The specimen represented by fig.

34 is redrawn in this monograph, PL XLVIII, fig. 7.)

Obolus (Westonia) haltica Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 334. (Characterized aa below as a new
species.)

This species is characterized by its elongate form, with the sides of the dorsal valves regu-

larly rounded from the back to the rounded frontal margin. The dorsal valves are also more
regularly and strongly convex than in other species occurring in the Cambrian sandstones of

Sweden. The outer surface is marked by concentric and radiating striae, crossed obliquely by
very fine, irregiilar transverse strife. The latter are only to be seen with a strong magnifier

and favorable light.

For reference to the geologic horizon of bowlders on Eggegrund Island, similar to the ones

containing this species, see description of Oholus ( Westonia) hottnicus, page 454.

The species derives its name from its occurrence in the North Baltic region.

Formation and locality.—Middle? Cambrian: (311h) Drift bowlder of bituminous sandstone, No. '26 [Wiinan,

1902, p. 57], on Biluddeyi, about 20 miles (32.2 km.) east of Gefle; and (311o) drift bowlder of bituminous sandstone. No. 1

[Wiman, 1902, p. 57], on Skalstenarne Island, just west of Eggegrund Island, about 25 miles (40 km.) east-northeast

of Gefle; both in the Province of Gefleborg, Sweden.

(311t) Drift bowlder of mottled calcareous sandstone [Wiman, 1902, p. 57], at Ofverby, parish of Jomala, Aland
Island, Finland, Russia.

, Obolus (Westonia) blackwelderi Walcott.

Plate XXXIX, figures 10, lOa-c.

Obolus (Westonia) blackwelderi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 335. (Described and discussed as

below as a new species.)

General form elongate, with the width about one-half the length; front margin broadly

rounded; sides slightly arched up to the lateral slopes, which are quite straight in the ventral

valve and curved toward the rounded posterior end of the dorsal valve ; the beak of the ventral

valve is pointed and marginal. The convexity of the valves is moderate, that of the dorsal

apparently being the greater. Surface rnarked by concentric striae and lines of growth which
are crossed by irregular, fine, imbricating, more or less transverse lines; the transverse lines

trend slightly backward toward the sides of the valves. A dorsal valve 8 nma. in length has a
width of 5 mm.

Ohservations.—Nothing is known of the interior of the valves. When the shell is broken
from the limestone, the outer surface usually adheres to the matrix. The best exteriors are

those of shells on the surface of the layers. Of the known species of Westonia, 0. ( W.) njoimani

Walcott, and 0. (W.) 'balticus Walcott are most nearly related to 0. (W.) UlackweMeri. The
latter is a larger shell and also less narrow proportionally where the gently arching sides pass

into the posterolateral slopes.

The specific name is given for Prof. Eliot Blackwelder, of the University of Wisconsin, who
collected the specimens.

Formation and locality.—Middle Cambrian: (CI and C2) Lower shale member of the Kiulung group [Black-

welder, 1907a, pp. 37 and 40 (part of the 3d list of fossils), and fig. 10 (bed 4), p. 38], 2 miles (3.2 km.) south of

Yenchuang; and (C6) thin slabby limestone in the upper shale manber of the Kiulung group [Blachoelder, 1907a, pp. S7
and 41 (2d list of fossils), and fig. 10 (bed 12), p. 38\, 2.5 miles (4 hm.) southwest of Yenchuang; both in the Sintai

district. Shantung, China.
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Obolus (Westonia) bottnicus (Wiman).

Plate XLVIII, figures 4, 4a-c.

Lingula bottnica Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 51, PL II, figs. 4CM4. (Charac-

terized and discussed in German as a new species. The specimens represented by figs. 41, 42, 43, and 44 are

redrawn in this monograph, PI. XLVIII, figs. 4, 4a, 4b, and 4c, respectively.)

Obolus (Westonia) bottnica (Wiman), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 335-336. (Characterized and
discussed as below.)

The description of Oholus (Westonia) finlandensis Walcott so closely applies to this species

that it is only necessary to point out the difference between the two and to compare the figures

illustrating them.

The surface of Oholus (Westonia) hottnicus has the same concentric and radiating lines with

the irregular, transverse lines terminating at right angles to the margins, curving inward and
backward in such a manner as obliquely to cross the radiating lines that extend frona the umbo
forward to the anterior and anterolateral margins. The central scars of the dorsal valve are

much farther forward in 0. ( W.) hottnicus.

Wiman [1902, p. 51] refers this species to the Olenellus sandstone series. The bowlder

containing it also carried Aparchitesf anderssoni, Hipponicliarion matthewi, Acrqtreta egge-

grunSsnsis, Kutorginaf, Torellella Isevigata, and fragments referred to Olenellus. This fauna

is essentially Middle Cambrian in its facies and unless the fragments referred to Olenellus are

indisputably of that genus, I am inclined to refer the bowlder and its contained fossils to the

Middle Cambrian. The fact that Oholus (Westonia) hottnicus is nearly identical with 0. (W.)

finlandensis of the Middle Cambrian of Finland also points to the Middle Cambrian age of the

fauna.

The specific name is derived from the Swedish form of the word Bothnia.

Formation and locality.—Middle? Cambrian:' (311) Drift bowlder of coarse-grained, somewhat friable, glauconitic

sandstone, No. 3 [Wiman, 1902, p. 57], on Eggegrund Island, about 25 miles (40 hm.) east-northeast ofGefle, Province of

Oefleborg, Siveden.

Specimens which were doubtfully referred to this species by Wiman occur at the following

locality

:

Middle? Cambrian: (3He) Drift bowlder of rusty sandstone [Wiman, 1902, p. 57], south of Lumparn, parish

of Jomala, Aland Island, Finland, Russia.

Obolus (Westonia) chuaeensis (Walcott).

Plate XXV, figures 2, 2a-e.

Obolus (Lingulella) chuarensis Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 399. (Described and discussed

essentially as below as a new species.)

Oholus (
Westonia) chuarensis Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes generic reference.)

General form broadly ovate, almost subquadrate, with the ventral valve obtusely acunainate,

and the dorsal valve rounded subquadrate, the posterior margin being broadly obtuse ; convexity

m.oderate, increasing somewhat in the older shells. Surface of shell marked by rather strong,

concentric lines and strife of growth and very fine, more or less transverse and irregular, appar-

ently imbricating strife such as ornament the surface of Oholus (Westonia) ella (Hall and Whit-
field) and 0. (W.) euglyplius (Walcott). Fine radiating striae also appear under a strong

magnifying glass. Wlien the outer surface is exfoliated the inner layers of the shell show
traces of radiating strife. The inner surface is marked by pits or punctse, arranged in more or

less irregular concentric lines; also fine radiating strife. The shell is strong and formed of a

thin outer layer and several inner layers or lamellae, those near the outer margin being arranged

obliquely to the outer surface.

The only traces of the interior markings are those on the casts of the dorsal valve. These

show a short and rather broad area, strong vascular sinuses, and traces of the anterior lateral

muscle scars.
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Observations.—The character of the surface ornamentation and subquadrate form of the

' dorsal valve lead to a comparison with 0. ( W.) ella (Hall and Wliitfield) (PI. XLVII) of the

1 Eocky Mountain fauna. The species differs from the latter in having a thicker, stronger shell,

relatively shorter in proportion to its length. The surface is also of the same type as that

of 0. (W.) euglijfhus (Walcott) (PI. XLVIII), which occurs at the same horizon in the upper

portion of the "Tonto" sandstone but not associated with it. It differs from 0. ( TF.) euglyplius

in being much shorter and broader in proportion to its length.

The species derives its name from its occurrence in the Chuar Valley, Grand Canyon of the

Colorado, Arizona.

Formation and locality.—Middle Cambrian: (74) Sandstone about 300 feet (91.4 m.) above the base of the

Tonto group at the head of Nunkoweap Valley; (74b) sandstone about 1,000 feet (305 m.) above the base of the Tonto

group, at the head of Nunkoweap Valley; (73) sandstones of the Tonto group in Kwagunt Valley; and (73a) " Tonto "

sandstone, in Chuar Valley; all in the Grand Canyon of the Colorado, Arizona.

IX

Obolus (Westonia) dartoni (Walcott).

Text figures 40A-C.

(Discussed asOholus {Westonia) dartoni Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 67, PI. VII, fig. 14.

below as a new species. Fig. 14 is reproduced below, fig. 40A.)

This species has the general form and convexitj'' of Oholus' ( Westonia) euglyplius (Walcott)

(PL XLVIII, figs. 1, la-e). It differs in the dorsal valve being narrower posteriorly. The
surface of the two species differs very much,

that of 0. ( W.) dartoni being of the 0. ( IF.)

ella (HaU and Wliitfield) type (PL XLVII,
fig. lo) and not like that of 0. ( W.) euglyplius

(PL XLVIII, fig. If). From 0. (TF.) ella

this species differs in being more elongate

in outline and in having the surface more

clearly marked by the crossing of the minute

ridges. These ridges are slightly irregular

and curve from near the umbo obliquely

across the shell toward the lateral and front

margins so as to form a pattern much like

that shown on the front portion of Plate

XLVII, figure lo. Some portions of the

surface recall that of the central portions

of Plate XLVI, figure Ih. The largest ventral valve has an indicated length of 12 to 15

mm.; width, 9 mm.
The specific name was given for Mr. N. H. Darton, of the LTnited States Geological Survey,

who collected the specimens.

Formation and locality.—Middle Cambrian: (303o) Sandstones just above the granite, west of Garfield Peak,

50 milea (80.5 km.) west of Casper, Natrona County, Wyoming.

Obolus (Westonia) ella (Hall and Whitfield.)

Plate XXXIII, figures 3, 3a-c; Plate XLVII, figures 1, la-p.

Lingulepis ella Hall and Whitfield, 1877, U. S. Geol. Expl. 40th Par., vol. 4, p. 232, PL I, fig. 8. (Described and
discussed as a new species. The specimen represented by fig. 8 is redrawn in this monograph, PL XLVII, fig. lb.)

Lingulella ella (Hall and \Vhitfield), Walcott (in part), 1886, Bull. U. S. Geol. Survey No. 30, pp. 97-98, PL VII,

fig. 2; PL VIII, figs. 4, 4a, 4d, and 4e (not figs. 4b and 4c, now referred to Lingulella dubia). (Copies original

description and describes and discusses species. Fig. 4 is redrawn from the specimen represented in fig. 8 of

the preceding reference. The specimens represented by figs. 2 and 4 are redrawn in this monograph, PL
XLVII, figs. Im and lb, respectively.)

Lingulella ella (Hall and Whitfield), Walcott (in part), 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 607, PL LXVII,
figs. 2, 2a-b, and 2e (not figs. 2c and 2d, now referred to Lingulella dubia). (Horizons mentioned. Figs. 2, 2a-b,

and 2e are copied from figs. 2, 4a, 4, and 4e, respectively, of the preceding reference.)

A
Figure 40.

—

Oholus {Westonia) dartoni Walcott. A, Ventral valve, worn
smooth by beach action (U. S. Nat. Mus. Cat. No. 51GS3a). B, Dorsal

valve, worn smooth (U. S. Nat. Mus. Cat. No. 51GS3b). C, Enlargement ol

the sm-face, X 10 (U. S. Nat. Mus. Cat. No. 51683c).

The specimens represented are from Locality 302o, Middle Cambrian
sandstones near Garfield Peak, Wyoming. Figure 40.\ is copied from

Walcott [1908d, PI. VII, flg. 14]; it represents the type specimen.
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Lingulella ella (Hall and Whitfield), Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8,

pt. 1, p. 58, figs. 19 and 21 (not fig. 20, now referred to Lingulella dubia). (Species discussed in the text. Figs.

19 arid 21 are copied from Walcott, 1886b, PL VII, fig. 2, and PL VIII, fig. 4a.)

Lingulepis ella Hall and ^Vhitfield, Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 404. (Merely changes generic

reference.)

Obolus {Lingulella) ella (Hall and Whitfield), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, PL XXVIII, figs. 5-8.

(No text reference. The specimens represented by figs. 5-8 are redrawn in this monograph, PL XLVII,

figs. Ig, Ik, Id, and li, respectively.)

Obolus (Westonia) ella (Hall and "Whitfield), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes

generic reference.)

Obolus ella (Hall and ^^Tiitfield), Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, pp. 96

and 110, PL I, figs. 9a-b. (Discussed on both pages.)

Lingulella ella (Hall and AVhitfield), Pack, 1906, Jour. GeoL, vol. 14, No. 4, p. 295, PL I, figs. 2 and 2a. (Mentioned,

and new localities given.)

Lingulella {Westonia) ella (Hall and Whitfield), Grabau and Shimer, 1907, North American Index Fossils, vol. 1,

p. 193, figs. 229a-b. (Described. Figs. 229a-b are copied from Walcott [1886b, PL VIII, figs. 4 and 4a,

respectively].)

General form broad ovate, with the dorsal valve subquadrate or rounded quadrate and

the ventral valve obtusely acuminate; valves moderately convex, so far as can be determined

from the crushed and flattened specimens from the shales of Utah and Nevada. Surface of

the shell marked by concentric striae and lines of growth and, oh the type specimen, by very

fine, irregular, lamellose, more or less transverse strise and fine radiating lines; the siirface is

much like that of 0. ( W.) euglyphus (Walcott) (PI. XLVIII) ; fine, clearly defined radiating

lines occur on the inner layer of the shell of partly exfoliated specimens. The cast of the inner

surface of the shell shows papilla that filled punctse in the shell; they are rather large and are

arranged in the central portion of the shell in concentric lines, much as in Lingulella davisi.

The shell is strong and rather thick in old shells. It is made up of a thin outer layer and several

inner layers or lamellae that are well shown in the figure of the type specimen (PI. XLVII,

fig. lb).

The largest ventral valve thus far examined has a length of 16 mm. and a width of 13 mm.
A dorsal valve is 13 mm. long by 12.5 mm. in width.

The area of the ventral valve is of the same type as that of 0. ( IF.) aurora (Hall) (PI.

XLVI) and Lingulella ampla (Owen) (PL XXVIII). The flexure line is nearer the pedicle fur-

row than in Lingulella perattenuata (Wliitfield) (PI. XXI), L. acutangula (Roemer) (PL XVII),

Lingulella ampla, and Obolus ( Westonia) aurora, which resvilts in a wider outer lateral space on

the area (PL XLVII, fig. Ic (a')). The pedicle furrow is strong and deeply rounded, and in

one specimen referred to this species (PL XLVII, figs. Id and Ig) the cast of the base of the

undercut between the area and the outer shell is clearly shown on each side of the pedicle groove.

The area of the dorsal valve is low and broad; the flexure lines cross it so as to form a broad,

shghtly elevated space in the cast corresponding to a broad, shallow furrow in, the shell (PL

XLVII, fig. li). The strife of growth cross the area parallel with its base, both in the ventral

and dorsal valves.

The cast of the interior of the ventral valve shows the visceral cavity (PL XLVII, figs. Ic,

Id, and Ig) and the median septum of the dorsal valve is seen in figures li and Ik.

The muscle scars are not distinctly shown on the ventral valve. In the dorsal valve the

central scars (h) are preserved in specimens from Nevada (fig. li) and Montana (figs. 1 and Ik),

and the anterior laterals in Plate XLVII, figures Ik and 1 1.

The remains of markings made by the vascular system are limited to the main or trunk

sinuses of the two valves, and a portion of the parietal scar (ps) is seen on one specimen of the

ventral valve (PL XLVII, fig. Ig).

Observations.—The type specimen of this species is a somewhat crushed dorsal valve that

fortunately preserves the outer surface and much of the shell. Near the type locality, and

in the same band of slaty shales, were found a number of specimens, including a series of young

shells. Two of the larger shells are shown by Plate XLVII, figures 1 and la, and two of the
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young by figures le and If. The shells found near Helena, Montana, commonly occur as casts

in a siliceous shale and have the form of and appear to be specifically identical with the species

in the Wasatch and Oquiri-h mountains. A few specimens preserve the shell and show it to

be thick and stronglj^ laminated toward the front.

The form from the Bighorn Mountains of Wyoming appears to be identical with this

species, except that the surface ornamentation is coarser and much more distinctly outlined by
the zigzag, irregular, transverse strife. The strength of the strife and the size of the more or

less rhombic interspaces range from near those of 0. ( IF.) ella to more than double their size,

the increase in the size of the interspaces being made more prominent by the deposition of

what appears to be chalcedony on the outer surface or a replacement of the shell by chalcedony.

The form of the valves and the position of the central and anterior lateral muscle scars in the

dorsal valve are essentially the same as in 0. (TF.) ella.

On Gordon Creek in Montana this species occurs in association with the Albertella JieleTia

fauna [Walcott, 1908f, p. 202], which is referred to the highest zone of the Lower Cambrian.

Four small ventral valves were found that have the form and surface characteristic of Obolus

(Westo7iia) ella.

Oholus ( Westonia) ella has a wide geographic distribution in the Cbrdilleran and southern

Appalachian regions. It also has a vertical range from the summit of the Lower Cambrian
in Montana and British Columbia to 250 feet up in the Upper Cambrian.

Formation and locality.—Upper Cambrian: (4y and 54t) Limestone of the St. Charles formation [Walcott, 1908a,

p. 6], about 250 feet (76 m.) above the Jliddle Cambrian on the north side of Twomile Canyon, near its mouth, 2 miles

(3.2 km.) southeast of Malade, Oneida County, Idaho.

(54e) About 200 feet (61 m.) above the Middle Cambrian and 1,025 feet (212.4 m.) below the top of the Upper
Cambrian in limestones forming 3 of the St. Charles formation [Walcott, 1908f, p. 193], in Blacksmith Fork Canyon,

about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Middle Cambrian: (57g) About 1,700 feet (518 m.) above the Lower Cambrian and 3,250 feet (991 m.) below the

Upper Cambrian, in the siliceous shales forming 2d of the Stephen formation [Walcott, 1908f, p. 211], on Mount Bos-

worth, north of the Canadian Pacific Kailway between Hector and Stephen, on the Continental Divide, between
British Columbia and Alberta, Canada.

(5f) Limestone interbedded in the Wolsey shale [Weed, 1900, p. 285], in Meagher County, on the road to Wolsey,

about 4 miles (6.4 km.) south of the divide at the head of Sawmill Creek, and 11 miles (17.7 km.) south of Neihart,

Little Belt Mountains quadrangle (U. S. Geol. Survey), Cascade County; (340a) shales near Helena, Lewis and Clark

County; (302s) dark siliceous shale in a quarry in Last Chance Gulch, south slope of Mount Helena, 1.5 miles (2.4 km.)

south of Helena, Lewis and Clark County; (4u) shales in the Gallatin formation of Peale [1893, PL IV], northwest side of

canyon 0.5 mile (0.8 km.) south of Helena, Lewis and Clark County; (9m) shale 4 miles (6.4 km.) above Walker's ranch,

on North Fork of Dearborn River, in the eastern part of the Lewis and Clark National Forest, Lewis and Clark County;

(iq') limestone about 310 feet (94.5 m.) above the unconformable base of the Cambrian and 185 feet (56.4 m.) above

the top of the quartzitic sandstones in a shale which corresponds in stratigraphic position to the upper part of shale

No. 6 of the Dearborn River section [Walcott, 1908f, p. 202], on the ridge between Gordon and Youngs creeks, about

halfway between Gordon Mountain and Cardinal Peak, Ovando quadrangle (U. S. Geol. Survey), Powell County;

(4k) about 725 feet (221 m.) above the base of the Cambrian in the shales of the Gallatin formation of Peale [1893, PI.

IV], on the north side of West Gallatin (Gallatin) River, northeast of Logan, Threeforks quadrangle (U. S. Geol. Survey),

Gallatin County; and (4g) about 325 feet (99.1 m.) above the base of the Cambrian in the Flathead shales of Peale

[1893, p. 21], 1 mile (1.6 km.) north of the junction of East Gallatin and West Gallatin (Gallatin) rivers, 4 miles (6.4

km.) east-northeast of Logan, Threeforks quadrangle (U. S. Geol. Sm'vey), Gallatin County; all in Montana.

(6h and 55d) About 2,000 feet (609.6 m.) above the Cambrian quartzitic beds in a shale which is probably to be
refeiTed to the Bloomington formation [Walcott, 1908a, p. 7], on the south side of Twomile Canyon, near its mouth,

2 miles (3.2 km.) southeast of Malade, Oneida County; and (55c) Spence shale member of the Ute limestone [Walcott,

1908a, p. 8], about 50 feet (15.2 m.) above the Brigham quartzite and 2,755 feet (839.7 m.) below the Upper Cambrian,

in a ravine running up into Danish Flat from Mill Canyon, about 6 miles (9.6 km.) west-southwest of Liberty and 15

miles (24.2 km.) west of Montpelier, Bear Lake County; both in Idaho.

(171a) Sandstone in Big Goose Creek Canyon, in the Bighorn Mountains, west of Sheridan, Sheridan County;

and (4n) limestone about 325 feet (99.1 m.) above the unconformable base of the Cambrian in divide at the head of

Jackson Creek (locally known as Sheep Creek), a creek flowing into Jackson Lake about 0.5 mile (0.8 km.) south of its

northwestern comer, Teton Mountains, Grand Teton quadrangle (U. S. Geol. Survey), Uinta County; both in Wyoming.

(3g) Shales on the river bank 250 feet (76.2 m.) above the west end of the Denver and Rio Grande Railroad

tunnel, Glenwood Springs, Garfield County, Colorado.
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(329e) In Weber Canyon, about 2.5 miles (4 km.) northeast of Peterson, Morgan County; (30p) about 125 feel

(38 m.) above the Cambrian quartzitic sandstones, on the north side of Ogden Canyon, about 1 mile (1.6 km.) above

its mouth, east of Ogden, Weber County; and (30a) shale on north side of Big Cottonwood Canyon, 1 mile (1.6 km.)

below Argenta, Wasatch Range, southeast of Salt Lake City, Salt Lake County; all in Utah.

(32y) Shales about 175 feet (53.3 m.) above the Brigham quartzite [Walcott, 1908a, p. 8], in the Wasatch Moun-

tains 1 mile (1.6 km.) northwest of Geneva (Copenhagen), east of Brigham; (32p and 55e) Spence shale member of the

Ute limestone, about 100 feet (30.5 m.) above the Brigham quartzite [Walcott, 1908f, p. 197], in Wasatch Canyon, east

of Lakeview Ranch, 5 miles (8 km.) north of Brigham; and (329) green shales in a canyon about 7 miles {11.2 hm.)

north of Brigham (near the village of "Calls Fort" [Hague, 1877, p. 405]); all in Boxelder County, Utah.

(31e and 54a) About 750 feet (228.6 m.) above the Brigham quartzite and 3,440 feet (1,048.5 m.) below the Upper

Cambrian, in the shales forming 2a of the Ute limestone [Walcott, 1908f, p. 196], in Blacksmith Fork Canyon, about

10 miles (16.1 km.) east of Hyrum; (32d) shales about 150 feet (45.7 m.) above the Brigham quartzite [Walcott, 1908a,

p. 8], on the east side of the south fork of Paradise Dry Canyon (locally known as East Fork), east of Paradise; and

(siz and 55t) about 350 feet (106.7 m.) above the Brigham quartzite, in the Ute limestone [Walcott, 1908a, p. 7], on

west side of road 0.5 mile (0.8 km.) above the forks. Paradise Dry Canyon, east of Paradise; all east of Cache Valley,

Cache County, Utah.

(32o) Shale about 325 feet (99 m.) above the Cambrian quartzitic sandstones, 2 miles (3.2 km.) southeast of Muskrat

Spring, on the northwest face of Grantsville Peak, Stansbm-y Range
;
(3d) concretionary limestone about 100 feet (30.5 m.

)

above the Cambrian quartzitic sandstones, at Ophir, Oquirrh Range; (329e) shales in East Canyon, above Ophir,

Oquirrh Range; (3c) shales about 75 feet (22.9 m.) above the Cambrian quartzitic sandstones, at Ophir, Oquirrh

Rano-e ; and (32h and 32z) shales in a canyon on the west side of the Simpson Range, 4 miles (6.4 km.) south of Simpson

Spring, about 20 miles (32.2 km.) west-southwest of Vernon; all in Tooele County, Utah.

(30d) About 1,020 feet (310.9 m.) above the Lower Cambrian and 3,400 feet (1,036.3 m.) below the Upper Cambrian

in the limestone forming le of the Swasey formation [Walcott, 1908f, p. 182], at the head of Dome Canyon; and (31s)

490 feet (149.4 m.) above the Lower Cambrian and 3,925 feet (1,196.3 m.) below the Upper Cambrian in the pinkish

aroillaceous shale forming Id of the Howell formation [Walcott, 1908f, p. 182], south side of Dome Canyon about 1

mile (1.6 km.) below the divide; both about 3 miles (4.8 km.) west-southwest of Antelope Springs, House Range

[Walcott, 1908f, PL XIII], Millard County, Utah.

(31) Shales on the dump of the Chisholm mine; (333b [Pack, 1906, p. 295]) shales on the dump of the Half-moon

mine; (333a [Pack, 1906, p. 295]) shales on the dump of the Himon mine; (333 [Pack, 1906, p. 295]) shales on the dump
of the Abe Lincoln mine; (7k) shales in the dumps of the Half-moon and Chisholm mines, southwest slope of Ely Moun-

tains; and (31u) shales on the west slope of the spur facing the main part of the Highland Range; all about 3 miles

(4.8 km.) northwest of Pioche, Lincoln County, Nevada.

(90) Conasauga ("Coosa") shale, on Edwards farm, near Craigs Mountain, about 10 miles (16.1 km.) southeast of

Center, Cherokee County; and (141a) limestone 0.25 mile (0.4 km.) west of the hotel at Montevallo, Shelby County; both

in Alabama.

(14a) Sandstone of the Rome formation along First Creek Gap, 4 miles (6.4 km.) north-northeast of Knoxville

[Keith, 1905, areal geology sheet], Knox County, Tennessee.

Lower Cambrian: (4v) About 200 feet (61 m.) above the unconformable base of the Cambrian and 75 feet (22.9 m.)

above the top of the quartzitic sandstones in a shale which corresponds in stratigraphic position to shale No. 6 of the

Dearborn River section [Walcott, 1908f, p. 202], on Gordon Creek, 6 miles (9.6 km.) from South Pork of Flathead River,

Ovando quadrangle (U. S. Geol. Survey), Powell County, Montana.

(33i) About 100 feet (30.5 m.) above the Prospect Mountain quartzite in the shales of the Pioche formation [Wal-

cott, 1908f, p. 171], 0.25 mile (0.4 km.) below the Maxfield mine, Big Cottonwood Canyon, west front of the Wasatch

Mountains, southeast of Salt Lake City, Salt Lake County, Utah.

(30) Eight miles (12.8 km.) north of Bennetts Spring, on the west elope of the Highland Range, Lincoln County,

Nevada.

Specimens that are somewhat doubtfully referred to Oholus (Westonia) ella occur at the

following localities:

Middle Cambrian: (57y) About 1,900 feet (579 m.) above the Lower Cambrian and 3,050 feet (930 m.) below the

Upper Cambrian, in the siliceous shales forming 2a of the Stephen formation [Walcott, 1908f, p. 211], on Mount Bos-

worth, north of the Canadian Pacific Railway between Hector and Stephen, on the Continental Divide between British

Columbia and Alberta, Canada.

(31d and 541) About 500 feet (152.4 m.) above the Brigham quartzite and 3,700 feet (1,127.8 m.) below the Upper

Cambrian, in the Spence shale member of the Ute limestone [Walcott, 1908f, p. 197], in Blacksmith Fork Canyon,

about 10 miles (16.1 km.) east of Hyrum, Cache County; (32n) shales about 725 feet (221 m.) above the Brigham quartzite

[Walcott, 1908a, p. 8], in the Wasatch Mountains, 1 mile (1.6 km.) northwest of Geneva (Copenhagen), east of Brigham,

Boxelder County; and (lis) shales just above Simpson Spring, about 20 miles (32.2 km.) west-southwest of Vernon,

on the stage road from Vernon to Fish Springs, Tooele County; all in Utah.
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ObOLUS (WbSTONIA) ELLA ONAQUIENSIS Walcott.

Plate XLIX, figures 6, 6a.

Obolus (Westonia) ella onaquiensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 67-68. (Discussed as

below as a new variety.)

This variety is represented by a number of more or less imperfect specimens that at first

sight might be placed with Oiolus ( Westonia) ella (Hall and Whitfield), but the character of the

surface clearly distinguishes the two forms. In typical forms of 0. (W.) ella the transverse

striae are more regular, while in this variety they are in the form of sharp, finely zigzag, trans-

verse strise much like the shells of the species from the Bighorn Mountains. This surface is

formed by the interruption of very fine sharp ridges that curve from the umbo outward toward
the sides and front of the shell like engine-turned striae on a watch case.

This form derives its varietal name from its occurrence in the Onaqui Range of Utah.

Formation and locality.—Middle Cambrian : (33f) Shales about 400 feet (122 m.) above the Cambrian quartzitic

sandstones, on the western slope of the high peak southwest of Lookout Pass, Onaqui Range, west of Vernon, Tooele

County, Utah.

Obolus (Westonia) elongatus Walcott.

Plate LXIII, figures 8, 8a-d.

Obolus (Westonia) elongatus Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 68, PI. VII, fig. 12. (Described

and discussed as below as a new species. Fig. 12 is copied in this monograph, PI. LXIII*fig. 8a.)

General form elongate oval, with the ventral valve acuminate and the dorsal valve elongate

oval. Convexity unknown, as the shells are all flattened by compression.

The outer surface is marked by fine concentric lines of growth crossed by a series of finely

denticulated, imbricating lines that start on each cardinal slope and extend obliquely forward
across the median line, and then curve out toward the sides of the shell; minute rhomboidal
spaces are formed over the posterior and central portions of the shell by the crossing of the

oblique lines; the denticulated margin faces forward and is seen only on the thin epidermal

layer, while the general system of oblique lines shows on both the outer layer and the next
iimer layer of the shell.

The shell is built up of several thin layers or lamellae. The largest specimen of the ventral

valve has a length of 9 mm. ; width, 5 mm. ; a dorsal valve 6 mm. long has a width of 4 mm.
Nothing is known of the interior of these valves.

Observations.—This is a more elongate species than Obolus (Westonia) bottnicus Walcott
and 0. (W.) fnlandensis Walcott. The oblique surface lines have the same general direction

as those of the latter species, but they are finely denticidated on their front margin, and cross

at the center at a greater angle.

Formation and locality.—Middle Ordovician: (105x) Gray, siliceous shales, just below a band of quartzitic

•sandstones, probably corresponding in position to the upper part of the Simpson formation of the Oklahoma section,

Wasatch Canyon, east of Lakeview Ranch, about 5 miles (8 km.) north of Brigham, Boxelder County, Utah.'

, Obolus (Westonia) escasoni (Matthew).

Plate XLIX, figures 1, la-f.

Lingulella (?) escasoni Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, pp. 270-273, PL V,
figs. la-i. (Described and discussed as a new species. The specimens represented by figs. Id and Ig are redrawn
in this monograph, PL XLIX, figs, lb and la, laa, respectively.)

Obolus (Westonia) escasoni (Matthew), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes generic

reference.)

Westonia escasoni Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 206-209, PL XVI,
figs. la-i. (Copied from Matthew, 1901a, pp. 270-273, PL V, figs, la-i.)

General form ovate, with the ventral valve broadly subacuminate and the dorsal valve

rounded oval in outline. The valves are moderately convex, the ventral being most prominent
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toward the beak. The convexity gives a depth of about 1 mm. to shells 5 mm. in diameter.

Surface marked by radiating strise, concentric lines of growth, and fine, more or less undulating

transverse stride. When the thin outer layer of the shell is exfoliated, the next layer is marked

by rather strong, radiating strise and concentric striss and lines of growth. The inner surface

of the shell is strongly pitted, even over the visceral area, and the anterior and lateral margins

are marked by the impressions of the fine canals of the vascular system. The character of the

transverse lines is fully shown by Plate XLIX, figure If.

The shell is relatively thick, and formed of a very thin outer layer and several inner layers

or lamellse, which are more or less oblique to the outer layer. These layers are well shown by

the posterior portion of Plate XLIX, figure la.

The shell is small, the largest not exceeding 6 mm. in length. The dorsal valve is slightly

shorter than the ventral. The relative dimensions of the two valves may be seen by comparing

figures 1 and lb of Plate XLIX.
The details of the area of the ventral valve are not well shown by any specimens in the

collection. The pedicle groove appears to have been well marked, and the area to have extended

a short distance out on the cardinal slopes. The area of the dorsal valve is larger in proportion

than usual when compared with that of the ventral valve. The striae of growth cross it parallel

to the anterior margin.

The interior of the ventral valve is shown by Plate XLIX, figure la, which beautifully

preserves the central portion, and by the cast (fig. 1). The heart-shaped pit (x), so character-

istic of Oholus, is clearly defined in figure la, where it strongly resembles the same space in

Oholus apoUinis Eichwald (PI. VII) . No traces of a median septum have been observed in the

ventral valve, but in the dorsal valve the median ridge extends from back of the central muscle

scars to the anterior lateral scars. A strong, pestle-shaped depression extends in the ventral

valve from the area forward to the anterior margins of the visceral cavity. The visceral area

of the dorsal valve is narrow, elongate, and extends forward to the anterior third of the valve.

Owing to the small size of the shell and the exfoliation along the margins, no one valve

shows all of the muscle scars belongmg to it. In Plate XLIX, figure la, the outside lateral, mid-

dle lateral, and central scars are beautifully defined, but the transmedian and anterior laterals

have not been observed in the ventral valve. Many specimens show the anterior laterals and

centrals of the dorsal valve, also the transmedian. The outside and middle laterals appear to

be combined in one scar a little anterior to the transmedian. The umbonal and pedicle scars

have not been observed.

Of the markings left on the shell by the vascular system the main or trunk canals are the

most prominent. They are, however, rather mdistinct in most examples of the dorsal valve

and not specially prominent in the ventral valve. The channels occupied by the fine branches

of the exterior lateral canals are well shown by Plate XLIX, figures la and Ic.

Observations.—I have made a very close examination of Matthew's type material, which

he kindly sent to me for examination, but do not find the muscle scars of the ventral valve

as shown in his figure Ig [Matthew, 1903, PI. XVI]. On the contrary, as shown in my Plate

XLIX, figure la, the outside and middle laterals and central muscle scars are arranged very

much as in Ololus. It is exceedingly difficult to determine the exact position and size of the

muscle scars, but with a strong magnifying glass and reflected light the duU surface of the

point of attachment can often be determined. The pecuUar arrangement of the muscle scars

indicated in. Matthew's figure [1903, PI. XVI, fig. Ig] results from examinmg the specimen in

a fight which raises the ridges bounding the muscle scars so as to give the effect of transverse

lines. I find that the scars are not placed in exactly the same position on the two sides, and

that on the left side it is practically impossible to determine the outside laterals. In the study

of such minute objects there will always be an opportunity for different interpretation, but

with the experience I have had in the study of the Cambrian Brachiopoda, I think the position

given the muscle scars in figure la is essentially correct. The characteristic transverse sculp-

ture refers the species to Westonia. It is a beautiful shell and one of the most striking forms

of this type from the Cambrian rocks.
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The specific name is derived from "Escasonie," a local name for that part of Cape Breton
in which the species occurs.

Formation AND locality.—^tTpper Cambrian: (325 [Matthew, 1903, p. SOS]) Arenaceous shales possibly from the

horizon of the Peltura fauna {Division C3b), on McAdam shore; and (lOr)" arenaceous shales of Division C3a? of Mat-

thew at McAdam shore; both on East Bay, east of Bras d'Or Lake, southeastern Cape Breton, Nova Scotia.

Middle? Cambrian: flOo'l<» Arenaceous shales in the railroad cut on the shore of Brasd'Or Lake, atBarachois; and
(llz) sandstone on Big Ridge, 2 miles (3.2 km.) south of Marion Bridge, on the canal of John McDougald; both in

southeastern Cape Breton, Nova Scotia.

Obolus (Westonia) euglyphus (Walcott).

Plate XLVIII, figures 1, la-f.

Obolus (Lingulella) euglyphus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 402-403. (Described and dis-

cussed essentially as below as a new species.)

Obolus (Westonia) euglyphus Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes generic reference.)

General form ovate, with the ventral valve subacuminate, and the dorsal valve broad
ovate in outline. There is some range of variation in the outline of the valves; this may be

seen by comparing figures 1, lb, and Ic of Plate XLVIII. The convexity of the valves is

fairly strong and is nearly the same in each. A ventral valve 11 mm. in length has a width of

8 mm., convexity 1.5 mm.; and a dorsal valve 9 mm. in length has a width of 8 mm., con-

vexity 1.5 nun.

The outer surface of the shell is marked by strong concentric lines and strise of growth
and a complex system of lamellose striae of the type of those on Oholus ( Westonia) ella (Hall

and Whitfield). The strife have a transverse direction, are irregular, and sometimes inosculate.

They are somewhat coarser than those on the surface of 0. ( TF.) ella (PL XLVII, fig. 1 1)

and finer than those of 0. ( TF.) aurora (Hall) (PI. XLVI, figs. Ih and Ig). They are also less

irregular than those of 0. ( IF.) ella, and more so than those of 0. ( W.) aurora, the result being

a surface character intermediate between those of the species mentioned. When the outer layer

is exfoliated the surface of the inner layer is marked by numerous fine, radiating strise (PI.

XLVIII, fig. lb) and concentric lines of growth. The cast of the inner gurface of the shell

shows rather numerous papilla that fiU the pits or punctse in the shell. The shell is strong

and formed of a thin outer layer and several inner layers or lamellse that are arranged very
much as in Lingulella acutangula (Roemer) (PI. XVII)

.

As shown by casts of the interior the cardinal area of the ventral valve is rather long and
well extended out on the cardinal slopes. It is divided at the center by a cast of a strong,

rather deep pedicle furrow, and about three-fifths of the distance between the pedicle furrow

and the lateral margin by a sharp, narrow flexure line. The stride of growth cross the area

parallel to its base. Only a few traces of them are preserved in the pedicle furrow. The area

formed a thin shelf between the pedicle groove and the lateral margins, the undercut extending

far back under the area as in L. acutangula. This is shown in the cast by a tliin projection

of the embeddmg rock over the area (PL XLVIII, figs. Ic and Id). The area of the dorsal

valve is lower and less pronunent. It arches forward at the median fine and extends well

out on the cardinal slopes.

The cast of the visceral cavity (v) of the ventral valve includes the heart-shaped pit (x)

and a slight trace of the trapezoidal area, in which the central muscle scars and the middle and
outside lateral muscle scars occur. There are no traces of a median septum ia the ventral

valve, and it is only sHghtly indicated in one specimen of the dorsal valve. This is owing,

however, more to the condition of preservation of the specimen than to the character of the

septum. No muscle scars are clearly defined in either valve. Of the vascular sj^stem the

main or trunk sinuses are fairly well shown in the ventral valve (PL XLVIII, figs. Ic and Id),

but less so for the dorsal valve (PL XLVIII, fig. le).

Observations.—This form has the general shape of Lingulella acutangula (Roemer), but

differs in being more ovate; it also differs in the arrangement of the markmgs on the interior

a The specimens from Localities lOo and lOr are somewhat doubtfully referred to this species.
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of the valves, particularly the dorsal. In Oiolus ( Westonia^ euglyphus the traces remaining

on the casts indicate a close resemblance to 0. ( TT.) chuarensis (Walcott), and the surface

ornamentation is of the same character. Attention has been called to the character of the

surface, which is intermediate between that of 0. ( TF.) eUa (Hall and Wliitfield) (p. 456) and
0. (F.) aurora (Hall) (PI. XLVI).

This species differs from Lingulella Imeolata (Walcott) in its surface characters, thick-

ness of shell, and usually in outline; it is also usually a larger species, although a few examples

of L. lineolata approach it in size. From 0. ( TF.) chuarensis it differs in being much more
elongate and proportionately more ovate in outliae.

Formation and locality.—Middle Cambrian: (74c) "Tonto" sandstone, at the head of Lava Canyon; and

(74) sandstones about 300 feet (91.4 in.) above the base of the Tonto group, at the head of Nunkoiueap Valley; both in the

Grand Canyon of the Colorado, Arizona.

Obolus (Westonia) finlandensis Walcott.

Plate XLVIII, figures 3, 3a-b.

Obolus (Westonia) finlandensis Walcott, 1902, Proc. TJ. S. Nat. Mus., vol. 25, pp. 611-612. (Described and discussed

as below as a new species.)

General form elongate ovate, with the ventral valve subacuminate and the dorsal valve ovate

in outline. Convexity of the two valves moderate. A ventral valve 11 mm. in length has a

convexity of about 1.25 mm., and a dorsal valve 8 mm. in length has a convexity of 1 mm.
above the plane of the margin.

The outer surface of the shell is marked by concentric lines of growth with very fine inter-

stitial strife. The latter are crossed by fine, radiating strife that are interrupted more or less

by the concentric lines of growth. In addition to the concentric and radiating striae there is a

series of imbricating lines that are slightly oblique to the longitudinal axis of the shell. These

lines terminate at right angles to the margins, curving inward and backward apparently to the

opposite side. This type of ornamentation is much like that of several species of Westonia,

except that it is somewhat more complicated.

The cast of the interior of the shell shows the interior surface to have been marked by scat-

tered punctse that had a tendency to gather concentrically on the lines of growth. A few rather

strong radiating striae also occur outside of the visceral area.

The shell is rather thick. It is formed of a thin outer layer and several inner layers or

lamellffi that are more or less oblique to the outer surface and marked near the front margin by
fine radiating striae. The largest specimen has a length of 11 mm., with a width of 7 mm. A
dorsal valve of the same width has a length of 8 mm.

The area of the ventral valve is unknown. That of the dorsal valve is strongly defined and

extends well forward on the cardinal slopes. It is marked by transverse striae of growth parallel

to the base.

The only interior markings known are in the dorsal valve. These indicate the course of

the main vascular sinus, and the size and length of the median ridge, also the position of the

central muscle scars.

Observations.—The oblique, imbricating lines on the outer surface of this species relate it

closely to Oholus ( Westonia) hottnicus (Wiman) and 0. ( TF.) unmani Walcott. The two speci-

mens showing the outer shell are unfortunately slightly worn along the median line, so that

it is not possible to trace the growth of the oblique, imbricating lines entirely across the shell.

In form the shell resembles Lingulella acutangula (Roemer).

FoEMATiON AND LOCALITY.—Middle Cambrian: (311x) Compact, fine-grained, quartzitic sandstone at Saltvik,

Aland Island, Finland, Russia.

Obolus (Westonia) iphis Walcott
^

Plate XLIX, figures 4, 4a-d.

Obolus (Westonia) iphis Walcott, 1905, Proc. 1'. S. Nat. Mus., vol. 28, p. 336. (Described as below as a new species.)

The general form of this shell is well shown by the illustrations. It differs from all other

species of Westonia in having a more elongate and acuminate ventral valve and in the presence

1

i
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of a marked mesial depi-ession on the dorsal valve. The shell is rather thin and made up of

several very thin layers or lamellse. The outer surface is marked by fine radiating strise, con-

centric strife and lines of growth, and fine, more or less undulating, transverse lines that cross

both the radiating and concentric lines. The transverse lines appear to be the edges of slightly

elevated imbricating lamella of the shell.

Formation and locality.—Lower Ordovician : (201a) Pogonip limestone, east slope of the ridge east of Ham-
burg Ridge, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Tipper Cambrian: (64) Limestone near the Bullwhacker mine, Eureka district [Hague, 1892, Atlas], Eurelca

County, Nevada.

(S4j) About 700 feet (213.4 m.) above the Middle Cambrian and 525 feet (160 m.) below the top of the Upper Cam-
brian, in the arenaceous limestone forming 2c of the St. Charles formation [Walcott, 1908f, p. 192], in Blacksmith Fork

Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Obolus? (Westonia?) lamellosus (Barrande).

Plate XII, figures 7, 7a-d.

Lingula lamellosa Barrande, 1879, Systeme silurien du centre de la BohSme, vol. 5, PL CVI, figs, i: 1-5; PL CXI,
figs, ix: 1-3. (Not described, but figured as a new species. PI. CVI, figs, i: 2A, i: 3f, and PL CXI, figs, ix:

2A; IX : lA, and ix: If are copied in this monograph, PL XII, figs. 7, 7a-d, respectively.)

Obolus {Westonia?) lamellosus (Barrande), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes

generic reference.)

This species appears to be the Bohemian Lower Ordovician representative of Obolus ( Wes-

tonia) stoneanus (Wliitfield) of the Upper Mississippi Valley Middle Cambrian fauna. The
two forms agree in relative size and proportions and in type of surface ornamentation. This may
be seen by comparing figures 2, 2a-g, Plate XXVIII, with figures 7, 7a-d, Plate XII. Another
point of similarity is that both species are very abundant in the localities in which they occur.

The principal differences to be noted are that OJ ( WJ) lamellosus has apparently a thicker

and stronger shell than 0. (W.) stoneanus. This, however, may be due to the fact that all the

specimens of the latter species are more or less flattened in the shaly sandstone, and that the

shell substance has been largely removed by solution. It is on account of the resemblance of

the two forms that Barrande's sjiecies is referred to the genus Obolus and subgenus Westonia,

despite the absence of any knowledge of the area or the interior vascular markings or muscle

scars.

It is hoped that the paleontologists of Bohemia will take up the study of this species and
others that have been referred to Obolus, in order to establish clearly their generic relations.

Formation and locality.—Lower Ordovician: (3031 [Barrande 1879b, PL CVI]) Etage dl, Libetschov,

Bohemia, Austria-Hungary.

Obolus (Westoxia) notchensis Walcott.

1/ Plate LXIII, figure 9.

Obolus (Westonia) notchensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No, 3, p. 69, PL VII. fig. 13. (Discussed

as below as a new species. Fig. 13 is copied in this monograph, Plate LXIII, fig. 9.)

This species is represented by two specimens of the ventral valve that have the general

outline of Lingulella ampla (Owen) (PI. XXVIII, figs, la and If). The exterior surface is

marked by concentric lines of growth and transverse, irregular, imbricating lines mucli like

those of Obolus {Westonia) stoneanus (A^liitfield) (PL XXVIII, fig. 2) and 0. (TF.) ipUs (PI.

XLIX, figs. 4a-c). The form of the valve differs fi'om that of the latter species.

The largest specimen has a length of 11 mm., with a maximum width of 9 mm.
The specific name is derived from Notch Peak, Utah, on which the species occurs.

Formation and locality.—Lower Ordovician: (105t) Thin-bedded, bluish-gray limestone [Walcott, 1908f,

p. 173 and Pis. XIII and XIV], at the summit of Notch Peak, House Range, Millard County, Utah.

Obolus (Westonia) eogersi (Walcott).

'-"'

Plate XLII, figures 2, 2a-d.

Lingula prima Rogers [not Conrad MS., Hall], 1861, Proc. Boston See. Nat. Hist., vol. 7, p. 390. (Mentioned.)

Lingula antiqua Rogers [not Emmons], 1861, idem, p. 390. (Mentioned.)
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Obolus (Lingulella) rogersi Walcott, 1898, Proc. U. S. Nat. Mu8., vol. 21, pp. 413-415. (Described and discussed

essentially as below as a new species.)

Lingulella rogersi (Walcott), Geabau, 1900, Occas. Papers Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 624-625, PI.

XXXI. fig. 4. (Described and discussed.)

Obolus (Weslonia) rogersi Waloott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes generic reference.)

General form elongate ovate, with the ventral valve subacuminate and the dorsal valve

ovate in outliae. There is considerable range of variation in the outline of the valves, owing

largely to distortion apparently produced by movement of the matrix. The convexity of the

valves is fairly strong and nearly the same in both, except that the dorsal valve curves more
abruptly inward toward the beak.

The outer surface of the shell usually adheres to the matrix, but, in three specimens, portions

of it are preserved which show that it is of essentially the same character as that of Oholus

( Westonia) stoneanus (PI. XXVIII). The surface is formed by very fine concentric lines and
strife of growth crossed transversely by strong, undulating, slightly lamellose lines (PI. XLII,
figs. 2 and 2d). When the outer layer is exfoliated the inner layers are marked by concentric

lines of growth and fine radiating striae. This is also the character of the inner surface, so far as

can be determined from the specimens in the collection. The shell is rather thick and btiilt

up of a thin outer layer and several inner layers or lamellse, the latter becoming increasingly

nmnerous toward the fi'ont. The largest dorsal valve in the collection has a length of 13 mm.
with a width of 11 mm., and a smaller ventral valve with a length of 12 mm. has a width of

9 mm. The dimensions of most of the specimens in the collection average less than those

here given.

The area of the ventral valve is relatively short for a species of this type. It is divided

midway, as seen in the cast, by a strong pedicle furrow. Owing to the imperfection of the mate-
rial, none of the specimens show flexure lines or strise of growth. The area of the dorsal valve is

short and extends but a short distance on either side of the median line. The cast of the interior

of the ventral valve is very much like that of the interior of Obolus cyane (PI. XVII). It has the

same median ridge and the transverse trapezoidal area which includes the central, middle lateral,

and outside lateral muscle scars. The main vascular smuses are indicated by slight ridges

(PI. XLII, figs. 2a and 2b). The cast of the interior of the dorsal valve shows a narrow median
septum, two central muscle scars of average size, situated a short distance back of the center of

the shell, and two small anterior lateral scars, located some distance in advance of the center,

wliich give an elongated visceral cavity somewhat like that of Lingulella hayesi (PL XXV) of

the Middle Cambrian and Obolus lamborni (PI. XXII) of the Upper Cambrian.

Observations.—The external form of the more elongate specimens of this species is very
much like that of Lingulella acutangula (Roemer) (PI. XVII). When compressed laterally it

occasionally has the form of Lingulella (Lingulepis) acuminata (Conrad). It is distinguished,

however, from all described species of Westonia known to me bj^ its highly characteristic

surface ornamentation. Obolus (Westonia) stoneanus (PI. XXVIII) has the same type of

surface, but it differs from the latter in being a much more elongate shell.

The material described in this monograph was collected by Prof. N. S. Shaler and Mr. J. B.

Woodworth from the pebbles on the beach on the northern shore of Marthas Vineyard, Massa-
chusetts, and at several points along the shores of Narragansett Bay.

The first notice we liave of these fossiliferous pebbles is that by W. B. Rogers, who [1861,

p. 389] announced the discovery, by Norman Easton, of pebbles carrying fossils of the Potsdam
fauna in the Carboniferous conglomerate north of Fall River, Massachusetts. In 1875 [p. 100]

Rogers announced the discovery of impressions, suggestive of the fossil Lingulas mentioned by
him from Fall River, in the pebbles in the conglomerate at Newport, Rhode Island. He
thought that the pebbles were derived from rocks probably closely connected in time with
the Braintree Paradoxides zone.

Among the material sent by Professor Shaler I fomid the remains of a large Linguloid
brachiopod, which appears to be identical with Obolus (Lingulobolus) affinis (Billings), from
the Lower Ordovician rocks of Newfoundland. The material is somewhat imperfect, but I
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do not know of any other large brachiopod of this type from the Cambrian or Ordovician rocks.

The reference to the Lower Ordovician is made by reason of the presence of this Lingulobolus.

The specific name is given for Mr. W. B. Rogers, v/ho first called attention to the species.

Formation and locality.—lower Ordovician : (336) Liraestone pebbles on the beach, on the northern shore of

I.Iarthas Vineyard; and (326a [Grabau, 1900, p. 613]) limestone pebbles in a Carboniferous conglomerate north of Fall

River, Bristol County; both in Massachusetts.

(343 [Rogers, 1875, p. 11, and U. 8. Nat. Mils.]) Limestone pebbles on the beach near Neioport and at several points

along the shores of Narragansett Bay, Rhode Island.

(114h) Sandstone 1 mile (1.6 km.) north of Lance Cove, Great Belle Island, Conception Bay, Newfoundland.

Obolus (Westonia) stoneanus (Whitfield).

I.

Plate XXVIII, figures 2, 2a-g; Plate XLIX, figures 2, 2a.

Lingula aurora var. Hall, 1863, Sixteenth Ann. Kept. New York State Cab. Nat. Hist., pp. 127-128, PL VI, figs. 6-8.

(Described and discussed.)

Lingula aurora var. Hall, 1867, Trans. Albany Inst., vol. 5, pp. 104-106, PL I, figs. 6-8. (Copy of preceding reference.)

Lingulella aurora var. Hall, 1873, Twenty-third Ann. Rept. New York State Cab. Nat. Hist., pp. 244-245, PI. XIII,

fig. 5. (Mentions change of genus. Fig. 5 is drawn from the same specimen as Hall, 1863, PL VI, fig. 7.)

Lingulella stoneana Whitfield, 1882, Geology of Wisconsin, vol. 4, pp. 344r-345, PL XXVII, figs. 6 and 7. (Charac-

terized and discussed as a new species.)

Lingulella stoneana 'WTiitfield, Hall and Clakke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, PL II, figs.

9-11. (No text reference. Figs. 9 and 11 are copied from Hall, 1863, PL VI, figs. 7 and 8, respectively; and

fig. 10 from Hall, 1873, PL XIII, fig. 5.)

Lingulella stoneana Whitfield, Wellee, 1903, Geol. Survey New Jersey, Eept. Paleontology, vol. 3, p. 112, PL I, fig. 6.

(Described and discussed. The specimen represented by fig. 6 is redra^vn in this monograph, PL XLIX,
figs. 2 and 2a.)

Obolus (Westonia) stoneanus (Whitfield), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Merely changes

generic reference.)

In form Obolus (Westonia) stoneanus (PI. XXVIII) approaches quite closely to the more
rounded shells of Lingulella amjAa (Owen) , except that in the dorsal valve the posterior lateral

slopes are broadly rounded, giving a subelliptical outline to the valve. The original convexity

of the valves is not presei'ved, but it appears to have been moderate, like that of Lingulella

ampla. A large ventral valve from Prairie du Sac has a length of 15 mm., with a maximum
width of 11 mm. An associated dorsal valve, 10 mm. wide, has a length of 11.5 mm. The
surface of the shell is strongly characteristic. It is formed by very fine concentric lines or strife of

growth crossed transversely by strong, undulating slightly lamellose lines (PL XXVIII, fig. 2d,

and PI. XLIX, fig. 2a). The margins of the inner surface of the shell show fine radiating lines.

All of the large number of specimens in the collection are flattened in the shaly sandstone, and

there is usually little left of the substance of the shell to afford a basis for an opinion of the

form or thickness. A careful study of the material, however, leads to the conclusion that the

valves were moderately convex and comparatively thin. In casts of the interior the concentric

strise and transverse lamellose lines are ahnost invariably strongly marked, and no traces of

the interior muscle scars or markmgs are preserved.

The area of the ventral valve, as seen in a cast, is divided midway by the cast of the strongly

marked pedicle groove and, on each side and well out toward the margin, by the flexure lines.

The few strise of growth presei'ved cross the area parallel to its base. On the dorsal valve the

area is short, broad, and slightly arched forward near the center; the flexure lines are fairly

well preserved in a compressed cast of the shell. No muscle scars or vascular markings have

been observed on the interior casts of the ventral valve. A dorsal valve shows the central

muscle scars (h) and the base of the main vascular sinuses (vs) (PL XXVIII, fig. Ih).

Observations.—This species was separated as a variety of Obolus (Westonia) aurora by

Professor Hall [1863, p. 127]. Later [18S2, p. 344], Professor Wliitfield, finding that its pecu-

liarities persisted in specimens found at localities where 0. (W.) aurora did not occur, gave it

a specific name. The peculiar surface ornamentation clearly distinguishes it from other species

62667°—VOL 51, ft 1—12 30
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of the genus except 0. (T7.) aurora, from which it differs in having a more elongate form and in

the fact that the surface markings, though of the same type, vary in being much coarser and
in having longer undulations. (Compare PL XXVIII, fig. 2d, with PI. XLVI, fig. Ih.)

The form found by Stuart Weller [1900, p. 112] in the Upper Cambrian sandstones of north-

ern New Jersey is illustrated on Plate XLIX, figures 2, 2a.

The specific name was given for Mr. R. E. Stone [Whitfield, 1882, p. 345].

FoKMATioN AND LOCALITY.—^TJpper Cambrian: (85x) Upper beds of the "St. Croix sandstone" at Mazomanie,

Dane County; (81b) "St. Croix sandstone" near Devils Lake, Sauk County; (328m) sandstone 1 mile (1.6 km.) south

of Osceola, Polk County; (328f [Hall, 1863, p. 128]) sandstone at the falls of St. Croix River, Polk County; and (85 and

85s) « "St. Croix sandstone" at Prairie du Sac, Sauk County; all in Wisconsin.

(lie) Hardyston quartzite [Weller, 1903, pp. 110 and 112], O'Donnell and McManniman's quarry, Newton, Sussex

County, New Jersey.

(327) Arenaceous limestone east of Gold Camp; (327a) arenaceous limestone about 500 feet (152 m.) above the base

of the Cambrian in McKinley Canyon; (327b) arenaceous limestone near the base of the section on the south side of

Cerro Cuchillo ; and (327c) arenaceous limestone in the Caballos Mountains (exact locality unknown) ; all in the Caballos

Mountains, Sierra County, New Mexico.

Obolus (Westonia) THEMIS Walcott.

Plate XI, figures 2, 2a-c.

Obolus (Westonia) themis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 336-337. (Described and discussed as

below as a new species.)

General form subsemicircular, with the ventral valve subacuminate and the dorsal valve

broadly ovate in outline. Valves rather strongly convex. Surface of the shell marked by
strong concentric lines of growth with finer intermediate striae; in addition there are very fine,

irregular, raised, more or less transverse strife that inosculate, forming a minutely papillose

or granular surface much like that of Oholus (Westonia) ella (PI. XLVII). It often occurs

that the outer surface has been removed by attrition in the sand, so that the shell has a smooth
polished surface. Owing to the condition of preservation the markings of the inner layers are

not preserved. The shell is strong and tliick in advance of the center. It is made up of the

thin outer surface layer and several inner layers or lamellae that in the posterior portions are

slightly oblique to the outer surface. After the shell has attained a size of 2 or 3 mm. the

lamellae are more oblique to the outer surface and form a thick, strong shell, the outer edges

of which often produce a rather rough surface. This is shown by the figures illustrating the

species.

The largest ventral valve in the collection lias a length and breadth of 10 mm.; a dorsal

valve 10 mm. in length has a width of 11 mm. The only interior portions of the shell known
are on a fragmentary ventral valve in which the visceral area does not reach the center, and the

naain vascular sinuses are about halfway between the center and the lateral margins of the

valve.

Ohservatiojis.—The general form of the shell is much like that of Obolus loperi (PI. IX)

.

It differs from the latter in surface characters.

Formation and locality.—Middle Cambrian: (17c) Sandy limestone 235 feet (71.6 m.) above the "Tonto" sand-

stone. Grand View trail, north of Last Chance copper mine, south side of the Grand Canyon of the Colorado, Arizona.

Obolus (Westonia) wasatchensis Walcott.

Text figures 41A-F, page 467; Plate XLIX, figures 5, 5a.

Obolus (
Westonia) wasatchensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 69-70, PI. VIII, figs. 1 and la.

(Discussed as below as a new species. Figs. 1 and la are copied in this monograph as figs. 41A and 41D.)

This species is founded on some large shells that differ from Obolus ( Westonia) ella (Hall

and Whitfield) (PI. XLVII) in attaining a larger size and greater proportional width and in

o 85s is the type locality, though the specimens in the United States National Musenm to which that number is assigned were collected much
later than the type specimens.



OBOLIDiE. 467

having the surface marked by radiating hnes that extend from the umbo with a gentle curva-

ture toward the sides and front of the shell, so as to terminate at right angles to the margin,

very much as in Oholus (Westonia) Jinlandensis (PI. XLVTII, figs. 3 and 3a).

In the Blacksmith Fork section of the Middle Cambrian terrane in the Wasatch Moun-
tains of northern Utah 0. {W.) wasatchensis occurs 1,590 feet higher in the section than

0. (TF.) dla.

The specific name is derived from its occurrence in Wasatch Canyon, Utah.

Formation and locality.—Middle Cambrian: (34u) Shales about 950 feet (289.6 m.) above the Cambrian quartzitic

beds, 2 miles (3.2 km.) southeast of Muski-at Spring, on the northwest face of Grantsville Peak, Stansbury Range,

Tooele County; and (33t) shale about 1,500 feet (457.2 m.) above the Brigham quartzite, 1 mile (1.6 km.) northwest

of Geneva (Copenhagen), east of Brig-

ham, Boxelder County; both in Utah.

(54c[) Drift block supposed to have

come from the horizon of Locality 32x;

(32x) about 1,700 feet(518.2 m.) above

the Brigham quartzite [Walcott, 190Sa,

p. 8], in shales correlated with the

shales forming 2d of the Bloomington

formation in Blacksmith Fork Canyon

[Walcott, 1908f, p. 195]; and (33])

about 2,300 feet (701 m.) above the

Brigham quartzite; all in Wasatch

Canyon, east of Lakeview Ranch, 5

miles (8 km.) north of Brigham, Box-

elder County, Utah.

(54h) About 3,140 feet (957.1 m.)

above the Brigham quartzite fWalcott,

1908a, p. 8] and 1,050 feet (320 m.)

below the Upper Cambrian in the lime-

stones forming la of the Bloomington

formation [Walcott, 1908f, p. 194]; and

(54k) about 2,100 feet (640 m.) above

the Lower Cambrian and 2,100 feet

(640 m.) below the Upper Cambrian

in the shales forming 2d of the Bloom-

ington formation [Walcott, 1908f, p.

195] ; both in Blacksmith Fork Canyon,

about 10 miles (16.1 km.) east of Hy-
rum. Cache County, Utah.

(55d) About 2,000 feet (609.6 m.) above the Cambrian qua,rtzitic beds, in a shale which is probably to be referred

to the Bloomington formation [Walcott, 1908a, p. 7], on the south side of Twomile Canyon near its mouth, 2 miles

(3.2 km.) southeast of Malade, Oneida County, Idaho.

E D
Figure il.—Obolus {Westonia) wasatchensis Walcott. A, Elongate ventral valve, the type

specimen (U. S. Nat. Mus. Cat. No. 51733a). B, Interior view of an elongate ventral valve
(U.S. Nat. Mus. Cat. No. 51737a). C, Interior of a broken, flattened ventral valve (U.S. Nat.
Mils. Cat. No. 51734b). D, Exterior of dorsal valve (U. S. Nat. Mus. Cat. No. 61734a).

E, Interior of a flattened dorsal valve (U. S. Nat. Mus. Cat. No. 51734c). F, Interior of a
dorsal valve (U. S. Nat. Mus. Cat. No. 51734d).

The specimens represented by figures ilA and 41B are from Localities 54q and S5d, respec-

tively; and those represented by figures 41C-F are from Locality 54k. Figures 41A and 41D are

copied from Walcott [190Sd, PI. VIII, figs. 1 and la, respectively).

I

Obolus (Westonia) wimani Walcott.

Plate XLVIII, figures 5, 5a-b.

Lingula? sp. No. 1, Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 51, PI. II, fig. 36.

mentioned.)

Lingulella? sp. No. 1, Wiman, 1902, idem, p. 52, PL II, fig. 30. (Locality mentioned.

fig. 30 is redrawn in this monograph, PL XLVIII, fig. 5.)

Lingulella? sp. No. 2, Wiman, 1902, idem, p. 52, PL II, fig. 31. (Locality mentioned.

fig. 31 is redrawn in this monograph, PL XLVIII, fig. 5a.)

Lingulellaf sp. No. 7, Wiman, 1902, idem, p. 52, PL II, fig. 32. (Locality mentioned.

fig. 32 is redrawn in this monograph, PL XLVIII, fig. 5b.)

Obolus ( Westonia) wimani Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 337. (Discussed essentially as below as a

new species.)

The general form of this species is not unlike that of Oholus ( Westonia) lottnicus (Wiman)
(PL XLVIII). The cardinal slopes of the ventral valve are more rounded, which makes the

valve broader near the center. AU of the specimens are also smaller. The surface markings

(Locality

The specimen represented by

The specimen represented by

The specimen represjnted by
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are of the same character as those of Oiolus ( Westonia) jinlandensis Walcott (PI. XLVIII) and

0. ( W.) hottnicus.

It is not improbable that with the discovery of a large series of specimens the three species

may be combined, or 0. ( TF.) hottnicus and 0. ( W.) wimani placed as varieties of 0. ( W.)

Jinlandensis.

For reference to the geological horizon of bowlders on Eggegrund Island, similar to the

ones containing this species, see description of 0. ( W.) hottnicus, page 454.

The specific name is given for Dr. Carl Wiman, of the University of Upsala.

Formation and locality.—Middle? Cambrian: (311c, 311g, and 311i)o Drift bowlders of bituminous sandstone, Nos.

7, 16, and 27 [ Wiman, 1902, p. 57], on Biludden, about 20 miles {32.2 km.) east ofGefle, Province of Gefleborg, Sweden.

(311t) Drift bowlder of mottled calcareous sandstone [Wiman, 1902, p. 57], at Ofverby, parish of Jomala, Aland

Island, Finland, Russia.

Obolxjs (Westonia) sp. undt. a.

Fragments of a species of Obolus with a very minutely reticulated surface occur in associa-

tion with Cyrtoceras camhria Walcott and suggest Oholus ( ^Yestonia) ella, except that the surface

ornamentation is so minute that it can only be seen with a strong lens. The fragments indicate

a shell about the size of 0. ( TF.) ella.

Formation and locality.—^tipper Cambrian: (C56) Lower part of Cliaumitien limestone, 25 feet below the top

of Pagoda Hill [Blackwelder, 1907a, p. 42 (part of last list of fossils)], 1 mile (1.6 km.) west of Tsinan, Shantung,

China.

Obolus (Westonia) sp. undt. b.

Fragments of a shell showing the characteristic surface ornamentation of Westonia occur

in the Ordovician limestone, Eureka district, Nevada. The shell must have been at least

as large as Oholus ( Westonia) stoneanus (Wliitfield) , but the material is too imperfect for

identification.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (205) siliceous

limestone on Roundtop Mountain, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Genus LINGULELLA Salter.

[Lingula.]

Tellinomya McCoy [not Hall], 1854, British Paleozoic Fossils, p. 274. (Described from distorted specimens of Lin-

gulella davisi (McCoy).)

Lingulella Salter, 1866, Mem. Geol. Survey Great Britain, vol. 3, p. 333. (Described and disCussed as a new genus.)

"The name Lingulella was first introduced about 1861, with the late Dr. S. P. Woodward's full consent; and

the name appears at page 9 of Sir Roderick Murchison's address to the geological section of the British Asso-

ciation, Manchester, 1861," but was not described (see Davidson, 1866, p. 55).

Lingulella Salter, Davidson, 1866, British Fossil Brachiopoda, vol. 8, pt. 7, No. 1, p. 55. (Original description copied

and Lingulella discussed as either a genus or subgenus.)

Lingulella Salter, Davidson, 1868, Geol. Mag., vol. 5, p. 304. (Genus discussed.)

Lingulella Salter, Dall, 1870, Am. Jour. Conchology, 2d ser., vol. 6, pt. 2, pp. 153 and 159. (Described.)

Lingulella Salter, Meek, 1871, Proc. Acad. Nat. Sci. Philadelphia for 1871, vol. 23, pp. 186-187. (Notes on genus in

discussion of "Lingulella lamborni.")

Lingulella Salter, Dall, 1877, Bull. U. S. Nat. Mus. No. 8, p. 44. (Mentioned.)

Lingulella Salter, Zittel, 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, pp. 663-664. (Described in German.)

Lingulella Salter, Salter and Etheridge, 1881, Mem. Geol. Survey Great Britain, vol. 3, 2d ed., p. 537. (Copy of

Salter, 1866b, p. 333.)

Lingula {Lingulella) Salter, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1261. (Described in French.)

Lingulella Salter, Bornemann, 1891, Nova Acta Acad. Cses. Leop. Carol. Germanicse Naturae Curiosorum, Bd. 56,

No. 3, pp. 435^37. (Discussed in German.)

Lingulella Salter, Hall and Clarke (in part), 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 232-233.

(Described. Lingulella davisi is given as the type, but as a generic illustration Botsfardia cselata is figured on

PI. III.)

Lingulella Salter, Hall and Clarke (in part), 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp.

548-549. (Copy of preceding reference.)

o 311c is the type locality.
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Lingulella Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 55-59. (Original

description copied and genus discussed. Lingulella davisi is given as the type, but figures of Obolus {Westonia)

ella accompany the text and as a generic illustration Botsfordia cxlata is figured on PI. II. Species belonging

with other genera are also mentioned as belonging to Lingulella.)

Obolus (Euoholus) Mickwitz (in part), 1896, Mem. Acad. imp. sci. St.-Petersbourg, Sth ser., vol. 4, No. 2, p. 129.

(Described in German.)

Obolus (Lingulella) (Salter), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 390-392. (Discussed.)

Lingulella Salter, Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, p. 201. (Characterized

in discussion of Palseobolus, see p. 471, for copy.)

Obolus {Lingulella) (Salter), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 683. (Characterized.)

Eoobolus Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 97. (Characterized without

reference to Mickwitz and without any indication of the fact of its being intended as a new subgenus; see

Matthew, 1903, p. 135.)

Lingulella Salter, Matthew, 1902, idem, p. 103. (Nova Scotia representatives mentioned.)

Leptobolus Matthew [not Hall], 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 105-106.

(Described, see p. 472 for copy.)

Lingulella Salter, Matthew, 1903, idem, p. 116. (Discussed.)

Obolus (Eoobolus) Matthew, 1903, idem, p. 135. (Characterized as a new subgenus.)

Lingulella Salter, Delgado, 1904, Communicagoes Commissao Servigo Geol. Portugal, tome 5, fasc. 2, p. 367. (Dis-

cussed in French.)

'Mot Lingulella GrabAv a.nd Shimer, 1907, North American Index Fossils, voL.l, p. 192. (Described, but one of the

species referred to belongs with Obolus (Westonia) and the other is the type of that subgenus.)

Lingulella Salter, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification

of genus.)
'

Type of genus.—Lingula davisi McCoy.

Valves subequal, equilateral; elongate ovate, broad ovate, or subtriangular in outline.

Ventral valve usually subacuminate, wdth a distinct area, pedicle groove, and flexure lines.

Dorsal valve sonaewhat shorter, less acuminate, and with a less clearly marked pedicle groove

on the shorter area. Beaks terminate at the margin of the areas, which are usually in the

plane of the margins of the valves; the areas, which vary in size and shape in the different

species, are usually more or less triangular; in the ventral valve they may be so shortened and

arched as to nearly lose this marked form; the areas of the dorsal valve also vary in their form

length, and extension on the cardinal slopes.

Shell substance calcareocorneous; structure consists of a thin outer surface layer and

numerous inner layers or lamellse that are subparallel to the surface over the posterior portions

of the shell and more or less obUque to it over the central, lateral, and anterior portions; the

short oblique layers usually form the inner flattened rim of the valves which is frequently seen

in the casts (PL XVII, fig. li). Surface of shell marked by fine concentric striae and lines of

growth, and in some species finely mosculatiag, lamellose strise; also, in most if not all species,

radiating strise and lines

.

The visceral area (splanchnocoele [Mickwitz, 1896]) is usualh^ confined to the central and

posterior portions of the ventral valve, but it may extend far into the brachial area (brachio-

ccele [Mickwitz, 1896]) (PL XVII, fig. Ic); in the dorsal valve it extends farther forward than

in the ventral valve of the same species; in both valves it may range from the posterior third

of the shell forward to the anterior third, and in the dorsal well into the latter; in both valves

the visceral area extends back to the base of the areas where it is bounded exteriorly by the

flexure lines (lines of folding of the area lamellp')-

A narrow median ridge or septum is frequently observable in the dorsal valve, but with the

exception of what may be considered as indicating its probable presence in one specimen of a

ventral valve of Lingulella. davisi (McCoy) (PL XXXI, fig. 6f), no traces of a septum have been

observed in the ventral valve of any of the species that I have studied. The main vascular

sinuses vary in size, direction, and length in the various species; in all they begin in front of

the area at the median hne and extend forward and outward across the parietal band into the

central-lateral and anterior parts of the brachiocoele. The impressions of the secondary vascular

canals are rareh^ preserved, but the few traces observed indicate that they were numerous and

extended toward the peripheral canal and into the middle of the shell in the direction neces-

sitated by the arrangement of the main sinuses and the boundaries of the visceral area.
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In the anterior portion of the visceral area of the dorsal valve of some species the "heart-

shaped pit" of Oholus is distinctly marked (PI. XVII, fig. If). It is rarely so well shown,

although its anterior outline is preserved in nearly all species whose interior characters are weU
marked. A median ridge may or may not be present in the interior of the dorsal valve.

The preservation of all vascular markings depends largely on the thickness of the shell,

being rarel}^ seen in thin shells and often found in thick ones.

There are six pairs of muscle scars that have been observed, in addition to the pedicle scar

(m) which is situated on the ventral valve between the two scars (gg) left by the divided umbonal

muscle close to the area; on the dorsal valve the single umbonal scar (g) is just in advance of

the base of the area. The central scars (h) are usually situated about the center of the dorsal

valve a short distance each side of a median septum; in the ventral valve they are inclosed

in a trapezoidal area (c), with the scars of the outside and middle lateral muscles, on each

anterolateral side of the heart-shaped area (x). The transmedian scars are shown as one

scar on each side a little in advance of and on a line with the flexure lines of the area; the

variation in their relative position in the two valves and in various species may best be under-

stood by studying the illustrations and descriptions of species. The scars (k) of the middle

lateral muscles are inclosed within the area (x) with the central and outside laterals; in the

dorsal valve they blend with those of the outside laterals (1) in advance and a little outside of

the transmedian scars (i). As previously stated, the scars of the outside lateral muscles in the

ventral valve are combined with the central and middle laterals, while in the dorsal valve they are

united with the middle lateral muscles. The scars of the anterior lateral muscles (j) of the

ventral valve are usually so closely united with those of the transmedians (i) that it is only in

unusually well-preserved specimens that the two scars can be differentiated; in the dorsal

valve they are more or less in advance of the centrals, and divided by a narrow median

septum or ridge ; they may be situated a little back of the center of the valve or at any distance

between that and a short distance from the frontal margm of the shell. In both valves the

scar of the parietal band closely circumscribes all muscle scars externally, crossing the main

vascular sinuses and terminatmg at the base of the flexure line of the area.

The principal forms of Lingulella may be grouped mider five divisions by the outlines of

the ventral valve.

Acuminate: Ovate-elongate:

Lingulella perattermata (PL XXI). Lingulella hella (PI. XIX).
L. acutangula (PL XVII). Ovate-quadrangular:

L. manticula (PL XX). Lingulella mosia (PL XVIII).
L. nanno (PL XXIV). L. winona (PI. XVIII).

Subacuminate: Subtriangular:
Lingulella davisi (PI. XXXI). Lingulella auga (PL XXIV).

Intermediate forms are illustrated by Lingulella martinensis (PL XXXVIII), which is

rounded subtriangular and acuminate, and L. pJiaon (PI. XXVI), which is both acuminate and

subacuminate.

The outline, relative size, and position of the visceral areas (splanchnocceles) are exceed-

ingly variable.

In Lingulella oweni (PL XVIII) the area is very short, while in L. acutangula (PL XVII),

L. perattenuata and L. similis (PL XXI), L. punctata (PL XX), and L. radula (PL XLV) it is

elongate. The narrow type of visceral area in the dorsal valve is seen in Lingulella acutangula

(PL XVII), L. Jiayesi (PL XXV), L. similis (PL XXI), L. manticula (PL XX), L. leos (PL XXIV),

L. ampla (PL XXVIII), and L. radula (PL XLV).

The surface characters vary from the almost smooth and highly polished Lingulella nanno

(PL XXIV), on which only the faintest traces of radiating striae and depressed rounded lines

of growth are visible, to shells with strong concentric strise and lines of growth, Lingulella auga

(PL XXIV). Whenever the surface of the shell is sufficiently well preserved to permit close

examination radiating strise have been observed.

Ohservations.—Prior to the investigation of the material described and illustrated in this

monograph,'' the data relating to Lingulella were too meager to permit detailed comparison with

a Announced in a preliminary paper: Proo. U. S. Nat. Mus., vol. 21, 1898, p. 390.
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other genera. The presence of a pecuHar central channel in the cardinal area was the only

character of importance observed by Davidson [1866, p. 55] that served to distinguish Lin-

gulella from Lingula. In the original description, Salter [1866b, p. 333] calls attention to the

resemblance of the muscular scars of Lingulella to those of Obolus, but he considers that the

difference in relative position is sufficient to distinguish the two genera. Attention is also called

[Salter, 1866b, p. 333] to Obolella Billings, and to the fact that tlie later figures of Billings "show

a very different set of muscular scars." Davidson had the same material tiiat Salter had and

more, but was unable to find any satisfactory interiors, and hence left the genus as doubtful,

evidently considering it as closely related to Lingula.

Mckwitz met with the same difficulty as Davidson, in having unsatisfactory material upon

which to base an opinion. After stating [1896, p. 126] that Ololella Billings would probably

have to make room for the genus Oholus Eichwald, he says: "Whether Lingulella Salter will

share the same fate I will not venture to predict with the same degree of certainty, since the

diagnosis and figures are even more imperfect than in Billings's genus."

Wlien in Wales, in 1888, I made a small collection of Lingulella davisi (McCoy) at thetype

locality at Portmadoc, and later Mr. G. J. Williams sent me a number of fine specimens for

study. With this material, supplemented by a beautiful series of specimens of a number of

American species, it has been possible to obtam a clear conception of Lingulella and its relations

to Obolus, Oholella, Schmidtia, Lingulobolus , Lingulepis, and Lingula.

The memoir of Mckwitz [1896] gave the genus Obolus a position that it had not held prior to

his very thorough investigation. With Ms descriptions and plates and a fine suite of specimens

worked out from material very generously given me by Dr. Fr. Schmidt, I have been able to

make a series of comparisons with Lingulella that at times has led me almost to doubt the

advisabiHty of characterizing Lingulella as generically distinct from Obolus. Tliis distinction is

now based on the more elongate form of most of the species of Lingulella, and the greater tliick-

ness of the shell of the typical forms of Obolus. There are differences in the position, size, and

form of the muscular scars, visceral area, and vascular canals of Obolus and Lingulella, but they

are not greater than those between different species referred to Lingulella. The same general

arrangement of muscle scars prevails, but on comparing the interior of the dorsal valve of

Lingulella davisi (McCoy) (PL XXXI, fig. 6e) with that of Lingulella acutangula (Roemer)

(PI. XVII, fig. Ih) or Lingulella ampla (Owen) (PL XXVIII, fig. Ih) we find as great variation

as when the comparison is made with the dorsal valve of Obolus (PL VII, figs. 6-9). The same

is true of the ventral valve, although the means of comparison are in this case not so good.

One of the oldest species of Lingulella, L. granvillensis Walcott (PL XXII) of the upper

Olenellus zone, has the outline of Obolus {Sclimidtia) celatus Volborth, and the interior markings

of the ventral valve are also of the same type. Lingulella acutangula (Roemer) (PL XVII,

fig. If) has the heart-shaped pit so characteristic of Obolus (PL VII, figs. 1-4) and the arrange-

ment of the muscular scars is essentially as in Obolus, but the outline of the valve is much more

elongate. Lingulella davisi (McCoy) and Lingulella ampla (Owen) vary decidedlj^ from Obolus

in the interior markings, but not more than Lingulella ampla differs from Lingulella acutangula.

The variations are so well shown by the figures on the plates that detailed comparisons will

not be entered upon.

Matthew [1899b, p. 201] proposed to distinguish Obolus from Lingulella by its

—

roundness of outline, short cardinal area and depressed beaks, advanced position of muscle scars in the valve, and

strong arch of the vascular trunks in the ventral as well as the dorsal valve. There is, however, a more important

distinction, which, in consequence of imperfect preservation of the valves, can seldom be observed ; that is, the position

of the secondary muscles of the central group in the ventral valve, as compared with the great muscle of that group.

In Oholus they are lateral, but in Lingulella anterior to the great muscle. This shows a radical difference of structure

between the two genera.

I am not able to recognize as constant the characters mentioned by Matthew, owing to

the great variation in the large group of species referred to Obolus and Lingulella. The data

for a clear distinction of the two, Obolus and Lingulella, are still too limited for more tlian an

arbitrary reference of Lingulella to a generic place in relation to Obolus. This is particularly
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the case with the position of the muscle scars of the ventral valve to wliicli Matthew refers.

The central muscles of the ventral valve of Oholus vary greatly in the position of the points of

attachment ; tliis is shown by Plate VII, figures 1-13, for Oholus apoUinis. The scars of the central

muscles of Lingulella are rarely preserved so that they can all be identified; in one species,

Lingulella acutangula (PL XVII, figs. Ic and Ig), they appear to be arranged as in Oholus

apollinis. The same is true for Oholus (Westonia) escasoni (Matthew) (PL XLIX, fig. laa).

The genus Schmidtia Volborth is made a subgenus of Oholus by Mickwitz [1896, p. 25].

A comparison of typical specimens of Oholus {Schmidtia) celatus Volborth and Lingulella

davisi (McCoy) leads to the view that Schmidtia is identical with Lingulella except that Lin^'

gulella is a radially striated shell and Schmidtia is not. I did not fuUy appreciate tliis distinc-

tion when writing a preliminary notice [1898, p. 392] of the study of Lingulella and hence

referred to Schmidtia as a synonym of Lingulella.

Any extended comparison with Oholella is unnecessary, as it is a thick, round-ovate shell

with a cardinal area and pedicle opening unlike Lingulella or any of the subgenera of Oholus.

Linguloholus has the same arrangement of muscle scars as Lingulella, but differs in the greater

tliickness of the shell in both valves. Lingulepis is scarcely more than a very acuminate form

of Lingulella with the area and visceral ca^aty of the ventral valve modified in shape to meet

the extreme elongation of the posterior portion of the valve.

That Lingulella is closely related to Lingula is seen at once by comparing the markings

on the interior of the two shells.

Under observations on Oholus (p. 375) the differences between Oholus and Lingula have

been stated. Lingulella differs from Lingula in the same manner as Oholus in having its visceral

area continued back to the posterior margin of the interior of the valves, but it has the same

general form as Lingula. Without the interior of the valves for comparison it would be very

difficult to determine that many of the Cambrian species were not true species of Lingula.

Matthew [1903, p. 105] refers a group of small shells heretofore placed under Lingulella

to the Ordovician genus Leptoholus of Hall. He says

:

Such forms have usually been included in Lingulella, but in addition to their minute size they are separated

from that genus by important characters.

These little shells have thin test, weak umbones; vascular trunks are situated near the lateral margins, and both

the central and lateral muscles in both valves are advanced far toward the front of the valves.

As a result of the examination of the types of the Ordovician species of Leptoholus I find

that they have quite strong, tliick shells in proportion to their size, quite as much so as the

young shells of species of Lingulella that acquire tliickened shells as they attain their fuU

growth. The vascular trunks are well out toward the margin, but this feature also occurs in

large forms of Lingulella, as indicated in the table under Oholus (p. 377). The position of the

central and lateral muscle scars is also too variable a character to afford a basis for generic

reference. Leptoholus is marked by a peculiar visceral area in the ventral valve imknown in

any Cambrian shell, and the bifurcation of the strongly marked ridges of the path of advance

of the central and lateral muscle scars in the dorsal valve is a distinguisliing character not

found in the Cambrian shells referred to Leptoholus. The Cambrian forms referred to Lepto-

holus by Matthew [1903] are: L. atavus, L. atavus insulx, L. atavus tritavus, L. collicia, L.

collicia collis, L. jlumenis, L. gemmulus, L. cf . linguloides, and L. torrentis.

If the above species are included in a distinct genus, several others should go with them,

notably: Lingulella ferruginea Salter (PL XXIX), L. lepis (Salter) (PL XXXI), and L. cania

(Walcott) (PL XXXV).
One of the oldest species known of the genus Lingulella, Lingulella schucherti (Walcott)

(Pl.XXI, fig. 6), is in all respects, so far as can be determined from the material, a true Lingu-

lella. The shell is phosphatic, relatively tlnn, elongate, resembling in tins respect Lingulella

acutangula (Roemer) (PL XVII). From this it appears that we have in the Olenellus fauna

of the Lower Cambrian, associated with Oholella, a typical representation of the genus Lingu-

lella. This association shows that the differentiation in the group of brachiopods represented

by Lingula and Oholella, or the Lingulidse, had advanced a long way before the period in Lower
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Cambrian time represented by the fauna at Troy, New York. It is to be borne in mind that

the fauna at Troy was collected both from stratified and conglomerate limestones. On this

account it is not practicable to state that all the species from either are from the same geologic

horizon, but LinguMla schucherti (Walcott) (PI. XXI) and Oholella crassa (Hall) (PI. LIV)
occur in the same pieces of limestone. Lingulella granvillensis Walcott (PI. XXII) occurs at

numerous places in Wasliington County, New York, in strata near the top of the Lower Cambrian
zone. Lingulella naihorsti Linnarsson (PI. XXXI, figs. 1, la-b) occurs in the Holmia hjerulfi zone

of Sweden. It has nearly the outline of Lingulella acutangula (Roemer) in some examples of

the ventral valve. (Compare PI. XXXI, fig. Ic, with PI. XVII, fig. la; and PI. XXXI, fig.

la, with PI. XVII, figs. Ih-k; also fig. 1 on each of the two plates.) Lingulella delgadoi Walcott

(PL XXIX, figs. 6 and 6a) from the Olenellus zone of Portugal is, from our present knowledge

of it, a true Lingulella.

Matthew [1903, p. 109] in speaking of the growth of Lingulella and allied forms, speaks of

a law that the young shells are. often round and the adults more elongate. This is in accord

with the view that the protegulum of all forms of the Atremata is semicircular or semielliptical.

In Lingulella (Lingulepis) gregwa (Matthew) (PI. XLIV) and L. (L.) exigua (Matthew) (PI.

XLIII) the young shells are more elongate than the adult, owing to the broadening of the

anterior portions of the valves as they increase in size.

Lingulella? paliformis [Hall and Clarke, 1892c, PI. II, figs. 6-8] has the form of some of

the more acuminate species of Lingulella, but from a study of the tj^pe specimens I am led to

conclude that the material is too limited to decide the true generic relations of the species.

The area of the dorsal valve is like that of Lingulella, but the only specimen showing the area

of the ventral valve suggests that the pedicle furrow was confined to the dorsal valve. Nothing
is known of the interior marldngs of either valve.

The vertical range of Lingulella is from the upper horizon of the Olenellus or Lower Cambrian
fauna to the summit of the Cambrian and into the Ordovician fauna. One of the oldest known
species is Lingulella schucJierti (Walcott), found in the limestone conglomerate at Troy, New
York, in association with Oholella crassa (Hall), Bicia gemma (Billings), Elliptocephala asa-

plioides Emmons, etc. Lingulella granvillensis Walcott, which is associated with Olenellus

in the strata referred to the upper portion of the Olenellus zone, L. naihorsti Linnarsson of the

Holmia Tcjerulfi zone of Sweden, and L. delgadoi Walcott are found in association ^iih. Olenellus.

The greatest development of the species is in the Middle and Upper Cambrian, only a few forms

continuing on into the Lower Ordovician.

The small Lingulella desiderata ranges from the base of the Mddle Cambrian in the Cor-

dilleran region to the Ordovician. Thei-e may be specific differences, but in the large amount
of material now available for study there are none that appear to be of specific importance.

Lingulella isse also has a great vertical range.

Lingula attenuata Sowerby [Davidson, 1866, p. 44, PL III, figs. 18-27] has the form of Lin-

gulella and may possibly be a survival into the Middle Ordovician of a species of the genus. We
do not have sufficient data to know whether the interior markings of the valves are more like

those of Lingula or Lingulella.

Of the 77 sjiecies and 4 varieties fi'om the Cambrian referred to Lingulella in this monograph,
5 species occur in the Lower Cambrian, 46 species and 1 variety in the Middle Cambrian, 35
species and 3 varieties in the Upper Cambrian, 6 species in the passage beds between the Cam-
brian and the Ordovician, and there are 13 species from the Ordovician. Of the Middle Cam-
brian species 13 pass up into theUpper Cambrian, of which two are found in the Ordovician. Two
species pass from the Upper Cambrian to the Ordovician and two from the Upper Cambrian
to the passage beds.

The range of all known species is given in the tables of genera and species (pp. 98-113).

Subgenera of Lingulella.—Leptemholon Mckwitz [1896, p. 199] is rather difficult to charac-

terize. Mickwitz [1896, p. 199] says of it:

The subgenus Leptemholon is based on a species of Obolus which externally resembles Lingula very closely, and
in fact was regarded as such by earlier authors [Schmidt, Fr., 1881, p. 17]. The specimens of the internal surfaces
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of the valves, however, showed, together with some suggestions of the last-mentioned genus {Lingula), unmistakable

marks of the genus Obolus, so that the species, which would not be assigned to any of the other groups, had to be ranked

in a special subgenus of Eichwald's.genus.

Type.—Obolus {Leptembolon) lingulxformis Mickwitz (PL XIV, figs. 5, 5a-b).

Lingulepis Hall [1863, p. 129] is a LinguleUa-]ike shell with the ventral beak much atten-

uated. Type: Lingula acuminata Conrad.

For the species hitherto referred to Lingulella that are now referred to other genera or

subgenera see pages 58-62.

Lingulella acutangula (Roemer).

Plate XVII, figures 1, la-o.

Lingula acutangula Roemer, 1849, Texas, p. 420. (Described in Latin and discussed in German as a new species.)

Lingula acutangula Roemer, 1852, Kreidebildungen von Texas, p. 90, PI. XI, figs. lOa-b. (Described in I/atin and

discussed in German.)

Lingulepis acutangulus (Roemer), Sohitchekt, 1897, Bull. U. S. Geol. Survey No. 87, p. 259. (Merely changes generic

reference.)

Obolus (Lingulella) acutangulus (Roemer), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 392 and 394; PI. XXVII,

fig. 6; PI. XXVIII, figs. 1 and 2. (Mentioned in the text in discussion of Lingulella. Figs. 6, 1, and 2 are repro-

duced in this monograph, PL XVII, figs. Ic, If, and Ih, respectively.)

General form elongate ovate with the ventral valve subacuminate and the dorsal valve

ovate in outline. When the ventral valve is slightly compressed the cardinal slopes are often

crushed down over the area about the pedicle groove, so as to make the outline of the valve more

acuminate. This appears to be the case with the type figure of Roemer, and it is partly shown

by Plate XVII, figure le. There is considerable range of variation in the outline of the valves

(PI. XVII) . The convexity of the two valves is fairly strong, and it is nearty the same in each,

except that the dorsal valve curves inward more rapidly toward the beak. A ventral valve

9 mm. in length has a convexity of 1.25 mm., and a dorsal valve 10 mm. long arches 1.5 mm.
above the plane of the margin.

Surface of the shell marked by radiating and concentric strise and lines of growth. The

radiating strise are usually indistinct, but in a number of shells they are well marked or inter-

rupted somewhat by irregular rounded lines that alternate, blend, and disappear without any

apparent system (PI. XVII, fig. 1 1). The concentric striae are fine, usually having an unbroken

curvature, but in some instances they are broken into short vmdulations, such as characterize

the surface of several other species of Lingulella. In some examples the undulations are close

and pronounced, and form a fine broken reticulation that is discernible only with a strong mag-

nifj^ing glass. Wlien the outer layer of the shell is partly exfoliated the radiating strife appear

as sharp, clear-cut lines, but they do not extend to the inner surface of the shell (PL XVII, fig. 1 1)

.

The interior surface is usually marked hj strong puncta? which vary greath" in number and

arrangement. This is illustrated by the casts of the interior of several shells, where the punct«

are represented by papillse. On figure Ic the papillfe are large and somewhat scattered, while

in figure la the}'' are smaller and arranged in concentric lines quite to the edge of the shell.

In the dorsal valve the punctse are not quite so strong and they do not extend out to the margin

(PL XVII, figs, li, Ij, and Ik) ; in specimens showing the interior scars and markings the punctse

are less numerous (figs. If, Ih, and Ij).

The shell is thicker than m most species of the genus, in this respect resembling in a modified

degree the type of Obolus, 0. apollinis Eichwald. The shell is formed of a thin outer layer

and several thinner layers or lamellae that are slightly obhque to the outer layer (fig. Ini), a

structure quite similar to that of the shell of the recent Lingula anatina Bruguiere.

The longest ventral valve m the collection has a length of 14 mm., and a maximum width

of 10 mm. Roemer's figure [1852, PL XI, fig. 10] is larger, 18 mm. by 13 mm. The average

length of the ventral valve is from about 8 to 10 mm., and 'of the dorsal valve 6.5 to 8.5 mm.
The relative dimensions of the two valves may be seen by a comparison of figures 1 and li,

Plate XVII.
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As determined by a studj^ of interior casts, the plane of the cardinal area of the ventral

valve coincides near its edges with the edge of the shell, rising slightlj- toward the deep, rounded

pedicle furrow. The area is divided at the center by the pedicle furrow, and toward its margms
by elevated lines, or extremely narrow ridges, that extend from the apex with a slight^ outward
curvature to the base of the area (the flexure marks of the area parallel with its base) ; they

are rounded and strong in the pedicle groove, sharp and crowded on the lateral slopes; they

cross the pedicle groove transversely, slope forward across the central spaces (splanchnocoele

of Mckwitz [1896, p. 116]) curve almost backward in the flexure lines and slope forward at a

low angle across the lateral spaces (pleuroccele of Mickwitz [1896, p. 116]). The area forms a

thin shelf between the pedicle groove and the lateral margins, the undercut extending far back
under the area. This is sho\\Ti in the cast by a tliin projection of the embedding rock over the

area (PL XVII, figs la, Ic, and If), where the broken edges remain. The area of the dorsal

valve is lower and less prominent; the stride of growth cross it parallel to the anterior margin,

being interrupted by the flexure lines, which are but slightly indicated on most specimens.

The shaUow furrow, corresponding to the pedicle furrow of the ventral valve, usually extends

across the space between the flexure lines. The pedicle groove on the ventral valve is deep,

narrow, and strongly defined, tapering very graduall}^ from the anterior end toward the beak.

The cast of the visceral cavity (v), including the heart-shaped pit (x) of the ventral valve,

is shown by Plate XVII, figures la, Ic, If, and Ig, the latter particular^ well by figure If,

where it strongly resembles the same space in Oholus apoUinis Eichwald. There are no traces

of a median septum in the ventral valve; in the dorsal valve it is sho'WTi in the casts as a very

narrow, clearly defined, sharp depression (s) extending a short distance back of the central

muscle scars, in some specimens, and forward nearly to the anterior lateral scars (PI. XVII,
figs. Ih and Ij).

The muscle scars are finely shown m casts of both valves. The umbonal scar (gg) of the

ventral valve is divided as in Oholus, the pedicle scar (m) being situated between the two parts

(PI. XVII, fig. If) ; the latter are oval in outlme, their longer axis being slightly inclined forward

and outward. In the dorsal valve the umbonal scar (g) is very close to the area and extends

across nearly the entire distance between the central portion of the area delimited by the flexure

lines (PL XA1I, figs. Ih and Ij). In one specimen fine strise cross the scar subparallel to the

median line of the shell.

The scars of the central muscles are not clearly defined in the ventral valve, owing to their

being crowded in with the scars of the middle and outside laterals. Their position, judging

from the location of the centrals in Oholus, is within the trapezoidal area (c) indicated on Plate

XVII, figures If and Ig. The central muscle scars (hh) are large and distincth^ defined on a

number of casts of the interior of the dorsal valve. They are situated a little in advance of the

center of the sheU, on each side of the median septum, with their longer axis mclined outward
at an angle of nearly 45° (PL XVII, figs. Ih and Ij). The anterior laterals (j) are clearly defined

in both valves; their form, size, and position are shown by figures If and Ig for the ventral

valve, and figures Ih and Ij for the dorsal valve. The middle and outside lateral scars on the

ventral valve are situated in the trapezoidal area (c), but neither are clearly separable in an}'

of the specimens in the collection unless it be in that represented by figure Ic, where a small

round scar (k) occurs, corresponding in position to that of the middle lateral scars of Oholus.

On the dorsal valve the middle and outside laterals are closely united as in Oholus, and they

are apparently combined in the elongate scar (1) (PL XVII, figs. Ih and Ij). This scar corre-

sponds m position with the two scars in Oholus, in which genus it is usually impossible to dis-

cover the line of demarcation between them. The transmedian scars (i) are distinctly shown
on the dorsal valve (PL XVII, figs. Ih and Ij), but in the ventral valve they are so closely

united with the anterior laterals (j) that it is impossible to differentiate them.

Portions of the markings left on the sheU hj the vascular system are finely preserved in a

few casts of the interior of the valves. The desci'iption is of the present appearance of the

casts, which is the reverse of the actual condition in the interior of the shell. The main or trunk



476 CAMBRIAK BRACHIOPODA.

sinuses (vs) are indicated for the ventral valve in figure Ig, and for the dorsal valve by figures

Ih and Ij. The latter are rather indistinct, rounded ridges, with a few lateral branches showing

in the specimens. In figure Ig the inteiior lateral branches (ivs) are shown, and the peripheral

sinuses (pvs) ai-e seen in figures Ih and Ij, Plate XVII.

The parietal scar (ps) is distinctly shown in front of the visceral area of the ventral valve

(PI. XVII, fig. If), but it has not been traced outside of the main sinus. In one specimen of

the dorsal valve its course may be followed from the median line in front of the anterior lateral

muscle scars, curving outward to the main vascular sinus and outside of the sinus around the

outside lateral, where it turns back toward the flexure line of the area (fig. Ij).

Observations.—The specimens described by Roemer [1849, p. 420] came from a limestone

in San Saba County, Texas. He figures [1852, PL XI, fig. 10] a ventral valve that is larger

and more acuminate than the majorit}^ of the specimens in the collection before me; but, in

the absence of a closely alhed species from the Cambrian of Texas, and m view of the fact that

there is a considerable range of variation in the form of the valves, I do not hesitate to identify

the form here described as belonging to the species studied by Roemer. He compares it [1852,

p. 90] with "Lingula cuneata" of the Medina sandstone of New York, to point out that it is more
acuminate than that species. It also differs from it in the character of the interior markings

and muscle scars and the greater thickness of the shell. From other species of the genus,

Lingulella acutangula varies in form and in the arrangement of the muscle scars. It is some-

what closely related to Lingulella cuneola (Wliitfield) of the Mddle Cambrian of the Black Hills,

South Dakota, and the latter species may even be identical with it.

Formation and locality.—TTpper Cambrian: (141)) Limestone on Cold Creek at north end of gorge opposite the

north end of Sponge Mountain, 2 miles (3.2 km.) south of the San Saba County line, in Llano County; (14i) upper

part of the limestone exposed 1 mile (1.6 km.) west of Cherokee, San Saba County; (353) limestones [see Roemer,

1849, p. 420] on San Saba River, San Saba County; (68 and 68e) interbedded limestone and sandstone, Packsaddle

Mountain, Llano County; (69) limestone, near Honey Creek, Burnet County; (67 and 67c) sandstone on Tatur Hill,

7 miles (11.2 km.) northwest of Burnet, Burnet County; (353c) heavy dark ferruginous sandstone collected somewhere

in Llano County; and (70 and 70e) limestone, near Morgans Creek, Burnet County; all in Texas.

Middle Cambrian: (llj) Basal part of Bonneterre limestone. Mine Lamotte, Madison County; and (Ilk) limestones

of the "Edgewise beds," beneath the Elvins formation, St. Francois County; both in Missouri.

(17c) Sandy limestone, 235 feet (71.6 m.) above the "Tonto" sandstone, Grand View trail, north of Last Chance

copper mine, south side of the Grand Canyon of the Colorado, Arizona.

Specimens that are somewhat doubtfully referred to LingitMJa acutangula occur at the

following localities:

Upper Cambrian: (327) Arenaceous limestone east of Gold Camp, in the Caballos Mountains, Sierra County,

New Mexico.

(Ill) Arenaceous limestone of the Elvins formation, 50 feet (15.2 m.) above the "Edgewise beds," St. Francois

County, Missouri.

Middle? Cambrian: (313c) Limestone 12 miles (19.3 km.) west-southwest of Alpha Station, Eureka County,

Nevada.

Lingulella agnostoeum (Wallerius).

Plate XXX, figure 15.

Lingula agnostorum Wallerius, 1895, Undersokningar ofver Zonen med Agnostus Ixvigatus i Vestergotland, pp. 64-65,

figs. 8a-b. (Described in Latin, and discussed in Swedish, as a new species.)

Shell very small. Outline ovate, with the ventral valve subacuminate; moderately convex.

Surface of shell marked by concentric strife and strong growth lines that, near the umbo, form

deep undulations separating the minute, elevated, smaller umbo from the less elevated con-

centric ridges in front of it. The ventral valve illustrated by Wallerius is about 3 mm. in length

and that of the specimen before me is 1.5 mm. I have not seen a dorsal valve.

Observations.—This minute shell is associated with Acrotreta farvula (Wallerius) and

Agnostus Isevigatus. It differs from Lingulella sp. undt. a of the Olenus truncatus zone in its

minute size, more acute beak, and less distinctly striate surface characters.
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This form owes its specific name to its association with Agnostus.

Limestone in passage beds between

yienus truncatus zone; at Borgholm, c

LiNGXJLELLA AMPLA (OwCn).

Formation and locality.—(310i) Limestone in passage beds between the Middle Cambrian Paradoxides forch-

Jiammeri zone and the Upper Cambrian Olenus truncatus zone; at Borgholm, on Oeland Island, Sweden.

Plate XXVIII, figures 1, la-j.

lAngula ampla Owen, 1852, Eept. Geol. Survey Wisconsin, Iowa, and Minnesota, p. 583, PI. I b, figs. 5 and 12.

(Described as a new species, see p. 478 for copy. The specimen represented by fig. 5 is redrawn in this mono-

graph, PL XXVIII, fig. 1.)

Lingula ampla Owen, Hall, 1863, Sixteenth Kept. New York State Cab. Nat. Hist., p. 125, PL VI, fig. 10. (Original

description, Owen, 1852, p. 583, copied and species discussed.)

Lingula ampla Owen, Hall, 1867, Trans. Albany Inst., vol. 5, pp. 101-102, PL I, fig. 10. (Discussion and figure copied

from preceding reference.)

Lingulella ampla (Owen), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 257. (Merely changes generic reference.)

Obolm (Lingulella) amplus (Owen), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 392 and 394, PL XXVIII,
figs. 3-4. (Mentioned in the text in discussion of Lingulella. The specimens represented by figs. 3 and 4 are

redrawn in this monograph, PL XXVIII, figs. If and Ih, respectively.)

General form ovate, with the ventral valve obtusely acuminate and dorsal valve broadly

ovate; valves moderately convex. Surface of shell marked by concentric strise, and lines of

growth and indistinct radiating sti'ise ; very fine radiating striae occur on the inner surface of

the outer layer of the shell, and the casts show the presence of papillse that indicate that the

inner surface of the shell was punctate (PI. XXVIII, fig. Ig). The shell is of medium thickness

and formed of a thin outer layer and several inner laj^ers or lamellse which give a greater thick-

ness to the posterior half. The lamellse are arranged as in Lingulella acutangula (Roemer)

where they are slightly oblique to the outer layer.

One of the larger ventral valves has a length of 18 nun., with a maximum width of 12 mm.,

and an associated dorsal valve has a width of 12 mm. and a length of 15 mm.
As shown in the cast of the interior of the shell, the area of the ventral valve is nearly flat

near its lateral margin and rises from about the flexure line toward the pedicle groove. The
pedicle furrow is shown by a narrow, elevated, rounded, tapering ridge which divides the area

midway. The area is marked also by rather strong flexure lines which extend from the beak

obliquely across the area at some distance from the outer margin, as shown in Plate XXVIII,
figures Ic-f. The striae of growth cross the area parallel with its base; they are very fine and

closely groiiped together on the lateral slopes; none of the specimens show their presence on

the cast of the pedicle furrow. The area forms a thin shelf between the pedicle groove and

the lateral margins, the undercut extending backward far imder the area. This is well shown

in several of the casts, although the cast of the imdercut is usually broken away. A portion

of it remains, however, in Plate XXVIII, figure Ic.

The area of the dorsal valve is well defined and is marked in one specimen by strong flexure

lines (f, fig. Ih), and fine transverse strise. As in the ventral valve, the area forms a thin shelf,

the cast of the undercut extending well under the area in several of the specimens. Its ragged

edges are shown in figure li.

The cast of the interior of the ventral valve shows the visceral cavity (v), and there are

slight traces of a median septum (s) in the dorsal valve (PI. XXVIII, fig. Ih). The muscle

scars are partly preserved. In the ventral valve the anterior laterals (j) are shown in one cast

(PI. XXA^II, fig. Ic). The central, middle lateral, and outside lateral muscle scars are all

crowded together and lost in the space in front of the anterior portion of the visceral cavity.

The central (h) and anterior lateral (j) muscle scars are well defined in the dorsal valve (PI.

XXVIII, figs. Ig and Ih).

Of tjie mairkings left on the cast by the vascular system only the main sinus (vs) is pre-

served (PI. XXVIII, figs. Ic, Id, and If for the ventral valve and figs. Ig and Ih for the dorsal

valve).

Observations.—One of the specimens illustrated by Owen [1852, PI. I b, fig. 5] is in this

monograph represented by Plate XXVIII, figure 1 . It appears to be a ventral valve that
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has been broken away toward the apex. His second figure [1852, PL I b, fig. 12] is a partially

covered dorsal valve which shows the characteristic form and the concentric striae of the species.

His description [1852, p. 583] is as follows:

This species has a greater circumference and superficial area than any of the others hitherto discovered in F. 1.

Shell nearly oval, rather fiat; beak blunt, and not projecting beyond the general contour of the shell, and formed

more after the manner of the beaks of Terabratulaa. A few faint concentric stria;. Length 11/16 of an inch; width

8/16 of an inch.

This species occurs in the Lingula and Obolus grits, member c, near Mountain Island, at the Dalles of the St. Croix,

and elsewhere in Wisconsin.

James Hall did not have the type before him when he described the species. He identified

a form from the lower bed at Trempealeau, which he regarded [1863, p. 125] as the typical

form of the species. The original type came from Mountain Island, in the Mississippi just

above the mouth of Trempealeau River. It also occurs at about the same horizon 10 miles

lower down on the west shore of the river, opposite the mouth of Black River. In general

form, this species somewhat resembles Lingulella hillingsiana (Wliiteaves) from Newfoundland,

but it differs from that species in the character of the surface marldngs and that of the interior

markings and scars, especially those of the dorsal valve. The position of the main vascular

sinus of the dorsal valve distinguishes it from other species of which we haA^e the interior mark-

ings. In a specimen of the ventral valve (PI. XXVIII, fig. If) there appears to be a unique

marldng (y) in the central anterior portion of the valve. It recalls the heart-shaped pit (x)

of Oholus and Lingulella acutangula (Roemer) (PI. XVII, fig. If), but it is so far away from

the normal position of that pit that it appears to be the result of a malformation or an impression

in the cast which accidentally resembles the outline of the heart-shaped pit.

Formation and locality.—Upper Cambrian: "St. Croix sandstone" at the following localities: (80) 0.66 mile

(1.1 km.) southwest of the railway depot at Menomonie, Dunn County; (100) near Menomonie, Dunn County; and

(98) near Eau Claire, Eau Claire County; all in Wisconsin.

Middle Cambrian: (84 and 84f) "St. Croix sandstone," at Dresbach opposite the mouth of Black River, Winona.

County; (84s) near Dakota, Winona County; and {33Se) on Mountain Island, Minnesota, in Mississippi River just above

the mouth of Trempealeau River; all in Mimiesota.

(328g) Wisconsin shore of the Mississippi, near Trempealeau, Trempealeau County; and (328e) "St. Croix sand-

stone" at St. Croix Falls, Polk County; both in Wisconsin.

A closely related if not identical species occurs at the following locality. A ventral valve

from this locality is illustrated in Plate XXVIII, figure Ij.

Middle Cambrian: (88a) Limestone about 100 feet (30.5 m.) above the quartzitic sandstone at the base of the-

Cambrian in the northern suburbs of Deadwood, Black Hills, South Dakota.

LiNGXILELLA ARGUTA (Walcott).

1/
Plate XXIV, figures 5, 5a-b.

Lingula? manticulaWBiTB (in part), 1874, LT. S. Geog. Surveys W. 100th Mer., Prelim. Rept. on Invertebrate Fossils^

pp. 9-10. (Described as a new species, including specimens referred to both Lingulella arguta and L. manticula.)'

Lingula ? mantiada White (in part), 1877, U. S. Geog. Surveys W. 100th Mer., vol. 4, pp. 52-53, PL III, fig. 2a (not

fig. 2b). (Described and discussed. The specimen represented by fig. 2a is redrawn in this monograph, Pl-

XXIV, fig. 5. The specimen represented by fig. 2b is referred in this monograph to Lingulella manticula.)

Oholus {Lingulella) argutus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 396. (Described and discussed as below

as a new species.)

General form ovate, with the ventral valve obtusely acuminate; valves moderately con-

vex. Exterior surface of the shell unknown. Very fine radiating strise and concentric Imes

of growth occur on the outer surface of the inner layer of the shell. The shell appears to be

of medium thiclcness and formed of a thm outer layer and one or more thin inner layers or-

lamellae. The type specimen of the ventral valve has a length of 6 mm. and a width of 4.5 mm.
Observations.—This species is founded upon one of the specimens illustrated by White-

[1875, PI. Ill, fig. 2a] as Lingula f manticula. The broadly ovate form of the ventral valve

clearly distinguishes it from that species. From the associated fragments of trilobites it evi-

dently occurs at a lo"wer horizon m the Middle Cambrian. A dorsal valve from the same localitj^
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and in a slightly different character ot limestone is illustrated and provisionally referred to the

same species (PL XXIV, fig. 5a).

In outline this shell resembles Lingulella beUa (Walcott) and L. bellula (Walcott) from
Newfoundland; it is more broadly acuminate than these species and much smaller than
Lingulella hella. It may also be compared with L. punctata (Walcott), from which it differs in

being more ovate.

Formation AND LocAiiTY.—Upper Cambrian: (313f) Limestone at Schellbourne, Schell Creek Range, White Pine

County, Nevada.

Middle Cambrian: (3e) Thin-bedded limestone less than 400 feet (121.9 m.) above the quartzitic sandstones of

the Cambrian, near Ophir, Oquirrh Range, Tooele County, Utah.

(llw) About 1,050 feet (320 m.) above the Lower Cambrian and 3,350 feet (1,021.1 m.) below the Upper Cambrian

in the shales forming Id of the Swasey formation [Walcott, 1908f, p. 182], at the head of Dome Canyon; (3w) about

2,350 feet (716.3 m.) above the Lower Cambrian, and 2,050 feet (624.8 m.) below the Upper Cambrian, in the central

portion of the thin-bedded limestones forming Ic of the Marjum limestone [Walcott, 1908f, p. 180], in the cliff about

2 miles (3.2 km.) southeast of Marjum Pass; (lOy) about 2,900 feet (884 m.) above the Lower Cambrian and 1,500 feet

(457.2 m.) below the Upper Cambrian in the central portion of the limestone forming la of the Marjum limestone

[Walcott, 1908f, p. 179], about 1 mile (1.6 km.) south-southwest of Marjum Pass; (3x and Hx) about 2,200 feet (670.6 m.)

above the Lower Cambrian and 2,200 feet (670.6 m.) below the Upper Cambrian, in the limestones forming Id of the

Marjum limestone fWalcott, 1908f, p. 180], 2.5 miles (4 km.) east of Antelope Springs, in ridge east of \\Tieeler Amphi-
theater; and (llq and lly) about 2,350 feet (716.3 m.) above the Lower Cambrian and 2,050 feet (624.8 m.) below the

Upper Cambrian, in the limestones forming Ic of the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east

of Antelope Springs, in ridge east of Wheeler Amphitheater; all in the House Range [Walcott, 1908f, Pis. XIII and
XV], Millard County, Utah.

(14m) Limestone about 7 miles (11.2 km.) south ot Towner's ranch, Indian Creek, Lincoln County; (54) Eldo-

rado limestone [Walcott, 1908f, p. 184], on the east slope of Prospect Mountain, in New York Canyon, Eureka district

[Hague, 1892, Atlas], Eureka County; (59) limestone at the base of the western slope of Combs Peak, near the plain

of Antelope Valley, Eureka district [Hague, 1892, Atlas], Eureka County; and (313e) limestone 2 miles (3.2 km.)

west of Green's ranch, ^Vhite Pine County; all in Nevada.

A shell which is provisionally referred to Lingulella arguta occurs associated with the latter

species in the following locality:

Middle Cambrian : (313a) Limestone at Schellbourne, Schell Creek Range, White Pine County, Nevada.

Lingulella atava (IVIatthew).

Plate XXXV, figures 5, 5a-h.

Leptobolus atavus Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, pp. 200-201, PL II,

figs, la-b and d-f. (Described and discussed as a new species. The specimens represented by figs, la and Id

are redrawn in this monograph, PI. XXXV, figs. 5 and 5c, respectively.)

Obolus (Lingulepis) gregioa Walcott (in part) [not (Matthew)], 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 692 and 694.

(Matthew's "Leptobolus atavus" mentioned as the young of "Lingulepis gregiva.")

Obolus (Lingulella) atavus (Matthew), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 609-610. (Described and
discussed essentially as below.)

Leptobolus atavus Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 106-109, PI. VI,

figs. 2a-b and d-g. (Described and discussed. Pigs. 2a-b, d-e, and g are copied from Matthew, 1899b, PI. II,

figs, la-b and d-f, respectively.)

General form elliptical, with the ventral valve subacuminate, and the dorsal valve broadly
subacuminate in outline. In the shorter form of the valves the sides are almost uniformly

rounded from the cardinal slopes to the frontal margin. The convexity of the valves is fairly

strong, that of the dorsal valve being broken by a slight longitudinal flattening that extends

from the posterior portion to the frontal margin. As shown by the matrix, the outer surface

is marked by concentric ridges and fine striae of growth. The interior cast shows concentric

lines and traces of rather coarse radiating lines. None of the specimens preserve the shell,

but from the strength of the interior surface markings it is inferred that the shell was rather

thick.

The longest ventral valve in the collection has a length of 6 mm.; width, 3. .5 mm. The
dorsal valves are slightly shorter.

The area of the ventral valve is divided at the center by a strong pedicle furrow, and
about midway between the pedicle furrow and the outer margin by clearly marked flexure
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lines that extend from tlie apex, with a sUghtly outward curvature, to the base of the area.

Striae of growth cross the area parallel with its base, being much stronger on the area than in

the pedicle furrow. The area of the dorsal valve is fully as prominent as that of the ventral

valve. It curves forward at the center and extends well out on the cardinal slopes. The
flexure lines are clearly defined well out toward the lateral margin. The striae of growth cross

the area parallel to the base.

The cast of the interior of the ventral valve shows only the outline of the visceral cavity,

and that the main vascular sinuses extend a considerable distance in advance of the visceral

cavity. The cast of the interior of the dorsal valve shows that it had a strong, broad, central

ridge, divided by a faint longitudinal median sinus. Only traces have been seen of the main
vascular sinuses.

Observations.—This is a very pretty little species that, in the absence of well-defined speci-

mens, I [1901, p. 694] confused with the young of "Lingulepis gregwa" Matthew. Material

collected by S. Ward Loper at the type locality, however, proves that the shell differs consider-

ably from that of the young of Lingulella (Lingulepis) gregwa, although specimens of the dorsal

valve of the two forms are often very much alike.

Matthew's illustrations [1903, PI. VI, figs. 2a-b, d-g] of Lingulella atava are somewhat
diagrammatic, as though they were drawn to represent the average form of several specimens.

With the type specimens before me I find considerable variation in width and outline. Some
have the outlme of Lingulella collicia (Matthew) and the two types of the latter species are

much like Matthew's figures of Lingulella atava [1903, PI. VI, figs. 2a-b, d-g]. The specimens

of Lingulella collicia have the rotund, subquadrate outline of Lingulella atava and not the uniform

curvature of Matthew's figures of Lingulella collicia [1903, PI. VI, figs. 3a, 3b]. With a large

series of well-preserved material from the type locality and formation, I have endeavored to

represent two forms that may be referred to Lingulella atava and Lingulella collicia, respectively.

Lingulella atava is more slender and its sides are more uniformly curved than L. collicia, and it

is also usually larger. Lingulella cania (Walcott) is a narrow, elongate form.

Formation and locality.—Middle Cambrian: (lOp) Sandstones just below the waterfall in Division E2b; (13d

and 13d') sandstones opposite the third waterfall, between Divisions E2a and E2b; (131') sandstones of Division

E3a; (344) sandy shales of Division E3b; (13n" and 344b) sandstones of Division E3d; (13n') o sandstones of Division

E3e; and (13nand 344d) sandstones of Division E3f; all in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook,

Indian River, eastern Cape Breton, Nova Scotia, Canada.

Lingulella atava iNSLiLiE (Matthew).

Plate XXXV, figures 8, 8a.

Leptobolus atavus insulm Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 110-112,

PI. VI, figs. 4a-c. (Described and discussed as a new variety. The specimens represented by figs. 4a and 4b
are redrawn in this monograph, PI. XXXV, figs. 8 and 8a, respectively.)

The form of this shell is much like that of Lingulella cania (Walcott) or a narrow L. atava

(Matthew). The material representing it is not well preserved. Matthew [1903, PI. VI, figs.

4a-c] has illustrated it with three somewhat diagrammatic figures that give his conception of

its form and interior markings. I have figured two of the best preserved of the typical

specimens. They show the general form and character to be similar to those of L. atava.

Formation and locality.—Middle Cambrian: (307d [Matthew, 1903, p. 110]) Sandstones believed to belong to

Division E2a of Matthew's Etcheminian, at Youngs (McFees) Point, George River, eastern Cape Breton, Nova Scotia.

I

Lingulella axjga (Walcott).

Plate XXIV, figures 6, 6a-g. ,

Obolus {Lingulella) auga Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 396-397. (Described as below as a new
species.)

General form svibcuneate, with ventral valve obtusely acuminate, and the dorsal valve

rounded acuminate; valves moderately convex. Surface of the shell, as indicated by casts

a ISn' is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected later than the type specimens. Localities 344, 344b, and 344d are cited by Matthew (see pp. 2G8-269).
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in the fine sandstone, marked by lines of growth, and fine, slightly undulating striae ; the inner

surface is marked by somewhat irregularly scattered pits or punctse, some of which are unusually

large for the size of the shell. The few remaining traces of the shell indicate that it was relatively

thin. The largest well-preserved cast of the ventral valve has a length of 5 mm., with a width

of 4.5 mm. The dorsal valves are a little shorter, the length and breadth being nearly the

same. Casts of the interior of the ventral valve show the presence of a rather long area divided

midway by a narrow, clearly defined cast of a pedicle groove; traces of flexure lines are also

preserved. The area of the dorsal valve is proportionately shorter than that of the ventral

valve; traces of the visceral cavity (v) and the base of the main vascular sinuses (vs) are pre-

served in a few specimens and in one specimen the anterior lateral muscle scars appear to be

present.

Observations.—In the form of the valves this species is somewhat similar to Lingulella

grandis (Matthew) (PI. XXXVIII); otherwise it appears to be quite distinct from any other

described species. It has a long cardinal area and a narrow, deep pedicle furrow on the ventral

valve.

Formation and locality.—Middle Cambrian : (10a) Sandstones of the Rome formation, in west railroad cut

through Shooks Gap; and (10b) limestones of the Rome formation at the western end of the central railroad cut through

Shocks Gap; both in Bays Mountains, 10 miles (16.1 km.) southeast of Knoxville [Keith, 1895, areal geology sheet],

Knox County, Tennessee.

I

Lingulella sella (Walcott).

Plate XIX, figures 2, 2a-q; Plate XXXVI, figure 4.

Obolm (Lingulella) helium Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 397-398. (Described and discussed as a

new species.)

Oholus {Lingulella) bellus Walcott (in part), 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 685-687. (Described and dis-

cussed, including specimens now referred to Lingulella condnna Matthew and L. lens (Matthew).)

Oiolus (Lingulella) bellus Walcott, Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 204.

(Says "0. (L.) bellus" does not include "Lingulella concinna" .)

General form ovate, with ventral valve obtusely acuminate, and dorsal valve broad ovate

to ovate quadrate; valves moderately convex as far as can be determined from the somewhat

compressed specimens as they occur in the sandy shales. The small ventral valves are more

acuminate than the large ones and the smaller dorsal valves are more elongate. The change

in form is slight from one to another specimen in the series, but the two extremes are so difl'erent

that without the connecting series two species could be determined.

Surface of shell with numerous concentric lines of growth and fine radiating lines. The

inner layers are marked by concentric lines and numerous fine radiating striae.

The shell is relatively thin over the anterior portions and stronger near the cardinal mar-

gins. It is formed of a very thin outer layer, with one or more thin layers or lamellae. The

casts of the interior surface of the ventral valve show numerous papillae arranged in concentric

lines on the posterior half of the shell. These correspond to the punctae of the inner surface.

A large ventral valve has a length of 22 mm.; width, 15 mm.; and a dorsal valve 18 mm.
in length had a width of 14 mm. The specimens in the collection average from 2 to 3 mm.
smaller than those measured.

The cast of the area of the ventral valve shows that it was rather long and extended well

out onto the cardinal slope; it is divided midway by a strong pedicle furrow, and toAvard the

lateral margin by a narrow flexure line. The area is marked by fine striae of growth parallel

to the margin. The area of the dorsal valve is rather short, but it extends laterally well out

on the cardinal slopes. The shallow curve corresponding to the pedicle groove of the larger

valve is wide and clearly defined.

The casts of the interior of the valves show almost no traces of the vascular markings or

muscle scars. Only the central and anterior lateral muscle scars and the main vascular sinuses

have been observed in the ventral valve.

62667°—vol 51, pt 1—12 31
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Observations

.

—This fine species occurs in great abundance in the upper beds of Little Belle

Island associated with a narrow form of Lingula; and also in the higher beds on Great Belle

Island, and a little below the layers carrying Oholus (Lingulololus) affinis (Billings) and 0. (L.)

spissus (Bilhngs). The species is found at some little distance above the horizon in which I

collected a species of Olenus and I refer the horizon to the Ordovician or the passage beds to

the Ordovician fauna.

The species appears to be clearly distiiict from any described form. It may be compared

with Lingulella davisi (McCoy) in relation to its size and outline, but not in other respects.

It differs in the size and position of the muscle scars and the more strongly punctate interior

surface. Some of the smaller shells closely resemble Lingulella concinna Matthew and the

larger ones L. lens (Matthew). When studying the material of the two latter forms in 1901,

I referred them all to Lingulella bella [Walcott, 1901, p. 685], but with the large series now
before me this reference is not sustained.

Formation and locality.—Lower Ordovician: (114b) Sandstone 1 mile (1.6 hm.) north of Lance Cove, Great Belle

Island, Conception Bay, Newfoundland.

Upper Cambrian : (114 and 114a) Uppermost sandstone beds and the sandy shales underlying them on Little Belle

Island, in Conception Bay, Newfoundland.

(343b) Limestone pebble on Sachuset Beach, near Newport, Narragansett Bay, Rhode Island.

Lingulella belltjla (Walcott).

-- Plate XIX, figures 1, la-e.

Oholus {Lingulella) bellulus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 398. (Described and discussed as below,

as a new species.)

Oholus {Lingulella) bellulus Walcott, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton,

p. 205. (Says this species and "Lingula hillingsana" Whiteaves are the same.)

General form ovate with the ventral valve obtusely acuminate; dorsal valve round ovate;

valves moderately convex. Surface of shell marked by concentric lines of growth and exceed-

ingly fine, irregular striae that give the same appearance to the surface as that seen on Oholus

( Westoniay ella (Hall and Whitfield) , Ololus fragilis (Walcott) , and on a larger scale on

Lingulella radula Matthew. The outer layer of the shell usually adheres to the arenaceous

matrix, leaving the shiny inner layer on the shell; this is marked by concentric striae and lines

of growth, and fine radiating strise. The shell is thin and formed of a very thin outer layer

and one or more thin inner layers or lameUse.

The average length of the ventral valve is from 4 to 5 mm.; width, 3 to 3.5 mm. The

dorsal valves are a little shorter, 0.5 mm. to 1 mm.
The cast of the area of the ventral valve shows it to be elongate, divided midway by a

narrow but strong pedicle furrow, and, about midway between the pedicle furrow and the

lateral margin, by a narrow flexure line; it is marked by strise of growth parallel to its base.

The area of the dorsal valve is not well shown on the specimens in the collection.

The cast of the interior of the ventral valve shows somewhat imperfectly the visceral cavity,

but not the muscle scars. In an interior of the dorsal valve the main vascular sinuses (vs)

are well shown (PI. XIX, fig. Id), also the median septum (s). The central muscle scars are

faintly shown in one fragmentary interior of the dorsal valve.

Observations.—This beautiful little species occurs in the arenaceous shales and thin-bedded

sandstones of Little Belle Island, in association with the larger species Lingulella bella (Walcott).

It is closely related to Lingulella ferruginea Salter, but differs somewhat in form and the more

anterior position of "the visceral cavity in the dorsal valve." The species is the Upper Cam-

brian representative of the Middle Cambrian species L. ferruginea. It occurs at about the

same horizon as L. billingsiana CV\^iiteaves) , but differs decidedly from it in form and convexity,

the only points of comparison which the material permits.

Formation and locality.—^TTpper Cambrian: (114 and 114a) <^ Uppermost sandstone beds and the sandy shales

underlying them on Little Belle Island, Conception Bay, Newfoundland.

a Ilia is the type locality.



OBOLIDiE. 483

LiNGULELLA BILLINGSIANA (Whiteaves)

.

Plate XXIX, figures 3, 3a.

Lingula hillingsiana Whiteaves, 1878, Am. Jour. Sci., 3d ser., vol. 16, p. 226. (Described, see below, as a new species.)

Lingulella? billingsana (^\^liteaves), Schuchert (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 256. (Merely

changes generic reference and spelling of Whiteaves's Lingula hillingsiana, cited above. Includes also reference

to specimens now referred to Lingulella grandis.)

Not Lingula billingsana Whiteaves, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 205.

(Mentions "Obolus (Lingulella) bellulus" Walcott as the same as "Lingula billingsana.")

The original description by Wliiteaves follows

:

Shell small, very slightly convex, compressed at the sides; outline elliptic ovate, narrowest behind; length nearly

twice the width; margin of the valves widening convexly and gradually from the beaks to the center, or a little

beyond it; front narrowly and evenly rounded. Surface marked by fine concentric striations and faint radiating

lines. Internal markings unknown. Length, about two lines and a half; width, one line and a half.

Observations.—Through the courtesy of Prof. J. F. Whiteaves I have been able to study

the type specimens of this species. Much to my surprise I find them to be distinct from the

forms {Lingulella hella and L. hellula, PL XIX) I collected on Little Belle Island and Great Belle

Island, Conception Bay, and those (Lingulella grandis (Matthew), PI. XXXVIII) tentatively

compared with the species by Matthew. The shell is more elongate and convex than that of

Lingulella iella (Walcott). Two specimens of the ventral valve are illustrated (PL XXIX,
figs. 3 and 3a). No dorsal valves occur in the material available for study.

The outer surface is exfoliated from all of the specimens so as to show the shiny surface

of the inner layer described by Whiteaves [1878, p. 226]. One of the broken ventral valves

shows a narrow pedicle groove.

The specific name was given in honor of Mr. E. Billings.

Formation and locality.—^tipper Cambrian; (314a [Whiteaves, 1878, p. 226]) Shales on Kelleys Island, Concep-

tion Bay, Newfoundland.

,

Lingulella bobnemanni (Walcott).

Plate XXX, figures 18, 18a-c.

Lingula attenuata Boknemann [not Sowerby], 1891, Nova Acta Acad. Cses. Leop.-Carol. Germanicse Naturae Curio-

sorum, Bd. 56, No. 3, pp. 437-438, PI. XIX (XXXIV), figs. 1-10. (Described and discussed in German, see

below for liberal translation. Figs. 10a, 4, 8, and 7 are reproduced in this monograph, PI. XXX, figs. 18,

18a-c, respectively.)

Obolus (Lingulella) bornemanni Walcott, 1901, Proc. U. S. Nat. Mus., vol. 22, pp. 687-688. (Described and dis-

cussed essentially as below as a new species.)

The original description by Bornemann follows

:

Shell oblong oval, sharply pointed toward the beak, marked with fine concentric stripes which are usually regular,

and also often marked with large, irregular, concentric folds. Faint radiaj or longitudinal striation usually appears

distinctly on the surface in the center of the shell. At the vertex there is usually a distinct, straight, longitudinal

impression.

Shape exceedingly variable, often unsymmetric, short rounded-triangular or almost circular, or narrower and
elongated, more or less arched or even flat. The long-extended specimens resemble Lingulella (Lingulepis) acuminata

(Conrad); others agree perfectly with Murchison's original figures of Lingula attenuata; others again may be compared
with Lingulella davisi (McCoy) and were at first placed with that species. The simultaneous occurrence in enormous
multitudes and the numerous transition stages leave no doubt that all these forms belong to one species, and the average

type of them fits best to Lingula attenuata Sowerby.

Size, 2 to 9 mm.
The state of preservation is best in the slates, yet there the specimens are mostly pressed flat. The specimens

existing in great numbers in the sandstones often still exhibit their original arching, but the delicate shells are

ordinarily distorted in an irregular manner and poorly preserved.

Bornemann [1891, p. 437] identified this species with Lingula attenuata Sowerby, on account
of the resemblance in outline of many of the specimens. Other specimens closely resemble Linr-

gulella (Lingulepis) acuminata (Conrad) from the Middle and Upper Cambrian of North America.
It is so improbable that a species of this character should persist from Middle Cambrian time
to Middle Ordovician time that, notwithstanding the resemblance, I think it is better to
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distinguish it from lAngula attenuata Sowerby [Davidson, 1866, p. 44] and give a specific name
that will not lead to erroneous stratigraphic correlations. The Cambrian fauna of Sardinia is

so distinct from that of other localities and the stratigraphic succession of the subfauna is so

confused that I think it unwise to identify its species with described species unless the material

is so full and well preserved that there is no doubt of their specific identity.

The specific name was given in honor of Dr. J. G. Bornemann.

Formation and locality.—Middle? Cambrian: (354) Yellowish-brown slates not far from, the buildings of Canal

Grande; (364a) grayish-white quartzitic sandstone in the valley of Guttui'u Sartu; (354b} yellowish sandstone with

Archxocyathus at Punta Pintau and elsewhere; all [Bornemann, 1891, p. 438] in the island of Sardinia, Italy.

, LiNGTJLELLA BXJTTSI Walcott.
V

Plate XXIX, figures 4, 4a-b.

Lingulella buttsi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 70-71, PI. VIII, fig. 6. (Described and

discussed as below as a new species. Fig. 6 is copied in this monograph, PL XXIX, fig. 4.)

General form elongate ovate, with the ventral valve bluntly acuminate and the dorsal valve

a little more rounded on the posterior margin. Both valves rather strongly convex. The great-

est convexity of the dorsal valve is at the umbo, and of the ventral valve along the central sec-

tion. A ventral valve 12 mm. in length has a convexity of 2 mm., and a dorsal valve 8 mm.
long arches 1.75 mm . above the plane of the margin. A narrow, median, slightly flattened,

almost concave space that extends from the apex to the front margin occurs on the dorsal

valve. The exterior surface of the shell is dull dark-bluish gray and the inner layers shiny

bluish black. The outer surface is marked by concentric striae and lines of growth with a few

indistinct radiating striae ; the striae on the dorsal valve bend sUghtly backward where they cross

the median, flattened space. The inner layers have many concentric striae, also numerous

fine radiating stiise. The shell is built up of several layers or lamellae, so as to be strong in the

umbonal region and thin toward the edges.

The largest ventral valve in the collection has a length of 12 mm. and a maximum width

of 9.5 mm. at the anterior third of its length; a dorsal valve 10 mm. long has a width of 7 mm.
A partly exfoliated ventral valve indicates the presence of a strong ridge on each side of

the visceral area somewhat similar to that in Lingulella acutangula (Roemer) (PI. XVII).

Ohservations.—This fine shell has the general outline of the group of small shells of which

Lingulella ferruginea Salter is typical. It differs from them in its large size and strong shell.

All of the larger species of Lingulella are either more acuminate or broader in outline.

The material was collected by Mr. Charles Butts, of the United States Geological Survey,

and I take pleasure in naming the species after him.

Formation and locality.—Middle Cambrian: (90b) Conasauga limestone in cut on Louisville and Nashville

Eailroad, near Woodstock; and (90c) Conasauga limestone near Kimbrel; both in Bibb County, Alabama.

Lingulella cania (Walcott).

V
Plate XXXV, figures 3, 3a-d.

Obolus (Lingulepis) gregiva Walcott (in part) [not (Matthew)], 1901, Proc. U. S. Nat. Mus., vol. 23, p. 694. (Speci-

mens now referred to Lingulella cania are here mentioned as representing the young of Lingulella (Lingulepis)

gregiva.)

Obolu.s (Lingulella) canius Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 610-611. (Described as below as a new
species.)

Shell small. General form elongate oval, with the ventral valve slightly acuminate. In

both the ventral and dorsal valve the shell narrows posteriorly, the front being broadly rounded.

The convexity of the two valves is well marked, and it is nearly the same in each.

Surface of the shell marked by fine concentric strise and a few lines of growth. When the

outer shell is exfoliated fine radiating striae cross the fine concentric striae. The shell appears

to be of moderate thickness and formed of several thin layers or lamellae. The largest ventral

valve in the collection has a length of 5 mm. ; width, 3 mm. ; and a dorsal valve 4 mm. in length

has a width of 2 mm.
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The area of the ventral valve is elongate, being nearly one-fifth the length of the shell. It

is divided midway by a very distinctly defined pedicle furrow. The flexure line is just percep-

tible about half the distance out from the pedicle furrow to the lateral margin.

The area extends well forward on the cardinal slopes and is marked by strong striae of

growth parallel to its base. The area of the dorsal valve is shorter than that of the ventral,

and is marked by fine lines of growth and clearly marked flexure lines that extend from the

apex forward on a line with the main vascular sinuses.

The cast of the interior of the ventral valves shows a general outline of the visceral cavity

and the main vascular sinuses. Only the base of the main vascular sinus has been seen in the

dorsal valve.

Observations.—This very pretty little species occurs in association with Paradoxides. In

my first study of the brachiopods collected by S. Ward Loper from Cape Breton I confused it

[1901, p. 694] with the young of Lingulella (Lingulepis) gregwa (Matthew). By means of a larger

collection made by Loper in 1901, I have been able to separate it from the young of the associ-

ated Lingulella (Lingulepis) exigua (Matthew) and from somewhat similar species that occur at

a lower horizon, Lingulella atava (Matthew) and L. collicia (Matthew). It differs from both the

latter species in having a more elongate oval outline. It differs from the young of Lingulella

(Lingulepis) gregiva in being more regularly oval and in having the posterolateral margin
curved uastead of nearly straight.

Formation and locality.—Middle Cambrian: (3i) Compact, fine-grained, thin-bedded, gray sandstone of the

Paradoxides zone, on McLeans Brook, 1 mile {1.6 km.) east of McCodrum Brook and 1.5 miles (2.4 km.) west of Marion

Bridge; and (10s) sandstone on McLeans Brook, near Marion Bridge; both in eastern Cape Breton, Nova Scotia, Canada.

Lingulella cedens (Barrande)

Plate XXX, figure 8.

Lingula cedens Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, p. 102, fig. 66. (Described in

French. Fig. 66 is copied in this monograph, PL XXX, fig. 8.)

Lingula cedens Barrande, 1868, Neues Jahrb. t'tlr Mineralogie for 1868, jjp. 691-692, unnumbered plate, fig. 66. (Copy
of preceding reference.)

This is one of the larger shells of the fauna at Hof, but as it is deformed by pressure it is

difficult to give its specific characters. The author states that the surface of the internal cast

contains traces of rather strong concentric strise, with finer intermediate striae; also traces of

very fine longitudinal striae. Length, 18 mm.; greatest width, 12 mm.
Barrande [1868a, p. 102] compares this form with Lingulella davisi (McCoy), from which it

appears to be very little different. It is probable that an extended series of specimens would
unite it with Lingulella wirthi (Barrande).

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

ISeSa, p. 102]) Suburbs of Hof; and (303f [Pompeckj, 1896a, pp. 7 and 8]) railway cut near Schellenberg, a little dis-

tance back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.

Lingulella clarkei n. sp.

Text figures 42A-D, page 486.

The ventral valve of this species has the same general outline and form as that of Lingulella

acutarujula (Roemer) (PI. XVII, figs. 1, la, Ig) except that it is a little broader across the front.

The dorsal valve differs materially in being proportionally narrower on the posterior half and
in having a broad shallow sinus extending from the umbo to the front margin. A similar sinus

occurs on one dorsal valve of Lingulella manticula (Wliite) (PI. XX, fig. la) and on all dorsal

valves of Oholus (Fordinia) perfectus Walcott (PI. LXIII, fig. 10b).

The largest ventral valve has a length of 9 mm.; width, 7 mm. A broad dorsal valve has

a length of 5 mm.; width, 4.25 mm.
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The exterior surface is marked by very fine concentric striae or fine ridges of growth;

numerous radiating strise occur on the inner layers of the shell. Nothing is known of the interior

of either valve.

The specific name is given in honor of Prof. J. M. Clarke, of Albany, New York.

FiGUEE i2.—Lingulella clarTcei n. sp. A, A', Exterior and side outline of ventral valve (U. S. Nat, Mus. Cat. No. 51853a). B, Exterior of ventral

valve, the type specimen (U.S. Nat. Mus. Cat. No. 51863b). C, Broad form of dorsal valve (U. S. Nat. Mus. Cat. No. 51853c). D, Dorsal valve

with exterior layer of shell exfoliated (U. S. Nat. Mus. Cat. No. 52458a).

The specimens represented by figures 42A, 42B,and 42C are from Locality 58; that represented by flgm"e42D is from Locality 60; both in Nevada.

Formation and locality.—Middle Cambrian: (60) Limestone in the upper beds of the Secret Canyon shale,

across the canyon from the dump of the old Richmond mine shaft; and (58) shaly limestones in the upper part of the

Secret Canyon shale, east side of New York and Secret canyons; both in the Eureka district [Hague, 1892, Atlas], Eureka

County, Nevada.

LiNGULELLA coLLiciA (Matthew).

u
Plate XXXV, figures 1, la-f, 2, 2a-d.

Leptobolus ? collida Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, p. 200, PL I, figs. 3a-e.

(Described as a new species. Figs. 1, la-b, PL XXXV, of this monograph are drawn from three of Matthew's

specimens, but closer identification is impossible.)

Obolus {Lingulella) collida (Matthew), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 610. (Characterized.)

Leptobolus collida Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 112-113, PL VI,

figs. 3a-e. . (Described and discussed. Figures copied from Matthew, 1899b, PL I, figs. 3a-e.)

Leptobolus collida collis Matthew, 1903, idem, pp. 114-115. (Characterized as a new variety.)

This shell is associated with Lingulella atava (Matthew), but differs fi'om that species

in being larger and in having a more acuminate and broader ventral valve and more broadlj'

oval dorsal valve. The exterior surface is marked by very fine, slightly irregular, concentric

strise. The variety collis is simply a wide form, that is so closely united to L. collicia by many
gradations among the shells before me that I do not think it worthy of a distinct name.

PoEMATioN AND LOCALITY.—Middle Cambrian: (lOp) Sandstones just below the waterfall in Division E2b; (13d')

sandstones opposite the third waterfall in Dugald Brook, between Divisions E2a and E2b; (344a [Matthew, 1903,

p. 26]) sandy shales of Division E3c; (13n')a saiidstones of Division £3e; (344d [Matthew, 1903, p. 82]) sandy shales of

Division E3f; all in Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, Cape Breton, Nova Scotia.

(13m) Sandstones of Division E3f in Matthew's Etcheminian, Gillis Brook, eastern Cape Breton, Nova Scotia.

(344e [Matthew, 1903, p. 78]) Shales of Division Eld of Matthew's Etcheminian, on Boundary Brook, eastern

side of the Escasonie Indian Reservation, eastern Cape Breton, Nova Scotia, Canada.

Lingulella concinna Matthew.

Plate XXXIII, figures 2, 2a-h; Plate XXXIV, figures 1, la-r.

Lingulella condnna Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, pp. 273-274, Pl.V,

figs. 2a-b. (Described and discussed as a new species. PL XXXIII, fig. 2d, of this monograph is drawn from

one of Matthew's specimens, but which one can not be determined.)

Obolus {Lingulella) bellus Walcott (in part), 1901, Proc. U. S. Nat. Mus., vol. 23, p. 68.5. (Matthew's Lingulella

condnna is referred to, and described with Lingulella bella.)

Obolus (Lingulella) concinnus (Matthew), Walcott, 1902, idem, vol. 25, pp. 608-609. (Described and discussed some-

what as on p. 487.)

a 13n' is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected later than the type specimens.
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Lingulella concinna Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 203-204, PI. XIV,
figs. 5a-b. (Description and figures copied from Matthew, 1901a, p. 273, PI. V, figs. 2a-b.)

General form ovate. Ventral valve obtusely acuminate; dorsal valve broad, rounded

ovate; valves moderately convex. Surface of shell marked with numerous concentric Unes of

growth and with intervening bands of strise that are somewhat undulating. "V\Tien the outer

surface of the shell is exfoliated the shiny inner layers of the shell are marked by both con-

centric and radiating stnse.

The shell is thin and formed of a thin outer layer, and several thin inner layers or lamellje.

In some of the layers of argillaceous shale the shell has a bluish tinge ^vith a ghstening surface,

often wrinlded and ridged by longitudinal compression and also compressed into transverse

ridges when the shell has been distorted by movement in the shale. In some of the

specimens in the sandy layers, a few concentric hnes of minute punctse occur on the posterior

portion of the inner surface. A large ventral valve has a length of 15 mm. with a width of

10 mm., and a dorsal valve 11 mm. in length has a width of 8 mm. The average length of

several hundred specimens of the ventral valve is from 6 to 7 mm.
The cast of the area of the pedicle valve shows it to be rather long and well extended out

on the cardinal slopes. A clearly defined pedicle furrow divides it midway, and a narrow
flexure line occurs about halfway between the pedicle furrow and the outer margin. The area

is marked by fine strise of growth parallel to the margin. The area of the brachial valve is

short and seldom well preserved.

The cast of the interior of the valves, both in the argillaceous and sandy shale, shows almost

no traces of vascular markings or muscle scars.

Observations.—When studying this species in 1901 I had a few specimens which at the

time I considered to be identical with Lingulella hella (Walcott). During the season of 1901

S. Ward Ijoper collected many hundred specimens on McNeil Brook, and other localities in

Cape Breton, that clearly showed that Matthew [1901a, p. 273] was correct in assigning it to a

distinct species. I was not sure that his Lingulella lens (Matthew) was distinct, as the material

from which he described and figured it was badly crushed and broken, the fragments of shell

being embedded together in the limestone. None of the typical specimens show the apex of

the ventral valve. The one used in illustration by Matthew [1901a, PI. V, fig. 3a] has all the

apex broken away, and the shell is somewhat compressed laterally. A photograph of this

specimen of Lingulella lens (Matthew) is reproduced in Plate XXXIII, figure 1

.

Among the collections made by Loper, there are a large number of shells crushed and
crowded together very much as in the typical material of Lingulella lens used by Matthew.
There are, however, in the accompanying shales large numbers of individual specimens which
are beautifully preserved, which illustrate the outline and conyexity of the shell. The series

illustrates the gro\vth of the shell, also the various forms in which it occurs owing to the differ-

ence in sediment in which it has been embedded. The material collected by Loper came from
several horizons of the Upper Cambrian. Matthew [1901a, pp. 273-274] assigns "Lingulella

concinna" to the Dictyonema zone, and "Lingula lens" to the Paraholina zone.

The shells in the arenaceous shales on McAdam shore are clearly Lingulella concinna,

but in the calcareous layers the shells are different and I retain the name lens for them.
I received from Dr. G. Lindstrom a specimen from the black Dictyonema shales of Skane,

Sweden, labeled "Lingulella nathorsti Linnarsson." This is evidently an accident, as that

species occurs only in the Lower Cambrian and the specimen is a broader shell much like that

of L. concinna of Cape Breton. With our present information it is provisionally referred to

L. concinna.

Formation and locality.—Upper Cambrian: (31i) Shale and shaly limestone on McNeil Brook, 1.5 miles (2.4

km.) east of Marion Bridge; (307 [Matthew, 190S, p. 204]) shales of Division CScof Matthew on McLeodBrooh (=Barachois
River); (lOo) shales on west side of Barachois River; (lOn) shale in ravine on east side of Barachois Glen, 3 miles (4.8 km.)
from Barachois; (XOe, lOf, lOg, and lOh) shale on small east branch of Barachois River, about 0.75 mile (1.2 km.) north
of the crossroad fromBoisdale to Upper Leitches Creek; (8d and 372) shale at Upper Leitches Creek; (10m and 372a)

shale 2 miles (3.2 km.) south of the Boisdale Road from Upper Leitches Creek; (lOd and lOi) shale in high bank on
west side of Barachois River, just north of the Boisdale Road; (13h) shale on east bank of Barachois River, 1.5 miles
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(2.4 km.) north of Boisdale; (101) shale on east bank of Barachois River, 6 miles (9.6 km.) from Little Bras d'Or Lake;

(3g[) shale in Barachois Glen, 4 miles (6.4 km.) south of Little Bras d'Or Lake; (3p and 372b) shale in ravine 0.5 mile

(0.8 km.) north of McMullins, on the crossroad to Boisdale; (16o) shales on McMullins Brook, in the east Boisdale

district; (3o and 372c) shale in ravine east of the railroad, just south of Barachois; and (372d) shale on McAdam
shore on East Bay, east of Bras d'Or Lake; all in eastern Cape Breton, Nova Scotia.

Middle Cambrian: (3i) Compact, fine-grained, thin-bedded, gray sandstone of the Paradoxides zone, on McLean
Brook, 1 mile (1.6 km.) east of McCodrum Brook and 1.5 miles (2.4 km.) west of Marion Bridge, eastern Cape

Breton, Nova Scotia.

A specimen from the following locality is provisionally referred to LinguleUa condnna:

tTpper? Cambrian: (310h) Shale collected somewhere (probably Fogelsang), in the old Province of Skane, now
the Provinces of Malmohus and Christianstad, Sweden.

LiNGIILELLA CUNEOLA (Wllitfield).

Plate XXVII, figm-es 7, 7a-b.

Lingulepis cuneolus Whitfield, 1877, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geology Black Hills

of Dakota; Prelim. Rept., pp. 8-9. (Described and discussed as below as a new species.)

Lingulepis citncoZus Whitfield, 1880, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geology and Resources

Black Hills of Dakota, by Newton and Jenney, p. 336, PI. II, figs. 5 and 6. (Description copied from preceding

reference. The specimen represented by fig. 6 is redrawn in this monograph, PL XXVII, fig. 7.)

Obolus {Lingulelln) cuneolus (Whitfield), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 82, pt. 2, p. 443. (Merely

changes generic reference.)

The original description by Whitfield follows

:

Shells small, rather below the medium size, triangularly ovate in outline or sometimes subcuneate; ventral valve

triangularly ovate, with a sharp somewhat pointed beak, the width and length about as three and four, and the point of

gi'eatest width near the lower thu-d of the length of the valve; cardinal slopes abrupt, scarcely convex; basal line

roimded at the sides, but nearly straight in the middle; surface of the valve strongly convex, becoming almost sub-

angular in the upper part; dorsal valve much shorter proportionately than the ventral, the length but little exceeding

the width; side and base more rounded and the beak truncate; sm-face distinctly convex.

Surface of the shell apparently smooth, but usually exfoliated, in which condition a few fine radiating lines are

visible.

This shell differs from L. pinnaformis Owen in size and in the more distinctly cuneate form of the ventral valve.

At first sight it might be taken for the young of that species, but a little critical examination soon reveals marked dis-

tinctions in the truncation of the front margin, and especially in the form of the cardinal slopes, which are rounded

and never concave, as in almost all ventral valves of that species. In consequence of this latter featiu-e the beak does

not appear so attenuated as in that one, although proportionately quite as long. In the general surface characters and

form of the valves it corresponds with the genus Lingulepis, although we have not been able to distinguish the muscular

impressions.

Were it not for the difference in the size of the shells we should be inclined to think this might be the species

figured by Messrs. Meek and Hayden [1865, p. 3, PI. I, figs, la-b] as Lingulepis dakotensis; but as their figures appear

to be of the natural size, we should suppose it to be very distinct, as all the specimens of our shell noticed have been

small, none exceeding one-fourth of an inch in length.

Observations.—This species does not appear to be correctly referred to Lingulepis. In

outline it resembles some of the cuneate forms of LinguleUa, and in its thick laminated shell it

approaches Lm^uZeZZajj/iaon (Walcott) (PI. XXVI). Like that species, it has a thick outer layer

and strong, radially striated inner layers, and numerous lamellee slightly oblique to the outer

layer over the anterior portions of the shell, especially about the anterior and lateral margins.

Most of the specimens are in the form of partial casts, only a portion of the outer shell adhering

to the cast.

The form of the ventral valve approaches that of some of the broader shells of LinguleUa

perattenuata (Whitfield) (PI. XXI). It diifers, however, in being more cuneate. Except for

the somewhat straighter slope of the sides toward the beak it might be identified with LinguleUa

acutangula (Roemer) (PL XVII). Although fairly large collections were made from the Cam-
brian formations in the Black Hills during the field season of 1897, no specimens were found

that could be definitely identified as belonging to this species, the only material available for

study being that in the original collections of W. P. Jenney.

Formation and locality.-—Middle Cambrian: (355) Sandstones in Red Canyon Creek, southwest side of the

Black Hills, South Dakota.
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Specimens somewhat doubtfully referred to this species occur at the following locality

:

Middle Cambrian: (167) Sandstone beneath limestone and resting on the pre-Cambrian in a bluff 9 miles (14.4

km.) west of Custer, Black Hills, South Dakota.

LiNGULELLA DAMESI (Walcott)."

Plate XXXIX, figures 8, 8a-c.

Oholus (Lingulella) dnmesi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 329. (Characterized as below as a new
species.)

The general descriptions of Oholus cMnensis (Walcott) (p. 387) and Lingulella prima (Hall)

(p. 526) apply so closely to this species that it does not appear necessary to do more than call

attention to the points in which they differ. From Oholus cMnensis (PL XXXIX) this species

varies in having a more elongate, acuminate ventral valve and a more ovate dorsal valve; the

valves are also less convex. From Lingulella prima (PI. XXVII) it differs in the more gradual

curvature of the sides from the apex to the front margin, in this respect resembling some varieties

of L. ferruginea Salter (PI. XXIX). The average size of the ventral valve is about 5 mm. in

length by 3.5 mm. in width.

The specific name was given in honor of Dr. W. Dames.

Formation and locality.—Middle Cambrian: (C7) Lower limestone member of the Kiulung group [Black-

welder, 1907, pp. 37 and 39 (last list of fossils), and fig. 8a (bed 33), p. 29], 2.2 miles (3.5 km.) southwest of Yenchuang;
and (CIO) lower shale member of the Kiulung group [Blackwelder, 1907, pp. 37 and 40 (part of 3d list of fossils), and fig.

8a {bed 35), p. 29], about 3 miles (4.8 hn.) southwest of Yenchuang; both in the Sintai district, Shantung, China.

A shell which may be a variety of this species occurs at the following locahty:

Upper Cambrian: (C64) Upper limestone member of the Kiulung group [Blackwelder, 1907, pp. 37 and 42 (first

list of fossils), and fig. 10 (bed 20), p. 38], 2.7 miles (4.3 km.) southwest of Yenchuang, Sintai district, Shantung,

China.

Lingulella davidsoni (Barrande).

Plate XXXII, figures 1, la-e.

Lingula davidsoni Barrande, 1879, SystSme silurien du centre de la Boheme, vol. 5, PL CIV, figs, vixi: 1-4. (Not

described, but figured as a new species. PL CIV, figs, viii: lA, lb, 3A, 3b, 4E, and 4 are reproduced in this

monograph, PL XXXII, figs. 1, la-e, respectively.)

In the absence of specimens for study an opinion of the generic relations of this fine species

is necessarily based on the illustrations given by Barrande. Comparing Plate XXXII, figures

1 and lb, with Plate XVII, figure la, we note at once the similarity between Lingulella davidsoni

and L. acutangula (Roemer) in their general form and the character of their areas as far as shown
for Lingulella davidsoni. Fragments of the exterior shell of the latter (PI. XXXII, fig. lb)

may be compared with the exterior surface of the former (PL XVII, fig. 1). The dark oval

spots in front of the area in figure Id may be of importance, or they may represent only a depres-

sion on each side of the median ridge such as often occurs in compressed shells. If this species

is a typical Lingulella, it is one of the last of its race, occurring as it does in Etage d4 of

Barrande's section.

The specific name was given in honor of Thos. Davidson.

Formation and locality.—Ordovician: (303m) Etage d4 at Lieben; (303n) Etage d4 at Wraz; and (303o)

Etage d4 at Lodenitz; all [Barrande, 1879b, PL CIV] in Bohemia, Austria-Hungary.

Lingulella davisi (McCoy).

Plate XXX, figures 2, 2a; Plate XXXI, figm-es 6, 6a-h.

Lingula sp. Davis, 1846, Quart. Jour. Geol. Soc. London, vol. 2, pt. 1, p. 70. (Mentioned only.)

Not Lingula ovata McCoy, 1846, Silurian Fossils of Ireland, p. 24, PL III, fig. 1. (Described and discussed. This

species is not taken up in this monograph.)

a Better preserved and more complete series of specimens of tliis species collected by i)r. J. P. Iddings, in Manchuria, indicate that the form

bears a closer relationship to Obolus than to Lingulella. In the volume on Paleontology of Willis's work on Eesearch in China (Carnegie Insti-

tution of Washington) the species will be described and figured under the title, Obolus iamesi (Walcott).
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lAngula sp. Sedgwick, 1847, Quart. Jour. Geol. Soc. London, vol. 3, pt. 1, pp. 140, 143, and 147. (Mentioned only.)

Tellinomya lingulx-comes McCoy [not Salter],' 1851, Annals and Mag. Nat. Hist., 2d ser., vol. 7, p. 56. (Described

and discussed. Salter's species is not a brachiopod and is not taken up in this monogi-aph.)

Lingula davisi McCoy, 1851, idem, vol. 8, pp. 405^06. (Described and discussed as a new species.)

lAngula davisi McCoy, 1854, British Paleozoic Fossils, p. 252, PL IL, figs. 7, 7a-b. (Description copied from preceding

reference and one locality added.)

Lingula ovata McCoy (in part), 1854, idem, p. 254, PL IL, figs. 6 and 6a. (Described and discussed. Specimens of

Linguhlla davisi were included with "Lingula ovata" in this description. The specimens belonging with

Lingula ovata are not taken up in this monograph.)

Tellinomya lingulicomes McCoy [not Salter], 1854, idem, p. 274, PL IX, fig. 18. (Described and discussed almost as

in McCoy, 1851n, p. 56.)

Linguhlla davisi (McCoy), Salter, 1866, Mem. Geol. Survey Great Britain, vol. 3, pp. 333-334, PL II, figs. 7-12, PL
IV, figs. 14 and 14a. (Described in Latin and discussed in English.)

Lingulella davisii (McCoy), Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, pp. 56 and 57, PL IV,

figs. 1-16. (Described and discussed. Figs 9, 3, 7, 6, 4, 5, 13, 14, and 15 are copied from Salter, 1866b, PL II,

figs. 7-12, and PL IV, figs. 14 and 14a, respectively. Figs. 10, 11, and 12 are reproduced in this monograph, PL
XXXI, figs. 6, 6a-b, respectively.)

Lingulella davisii (McCoy), Salter, 1867, Siluria, by Murchison, 4th ed., pp. 44 (and footnote) and 52; fossils (5)

fig. 1; fossils (10), fig. 11. (Mentioned.)

Lingulella davisi (McCoy), Davidson, 1868, Geol. Mag., vol. 5, pp. 304 and 306, PL XV, figs. 13-15. (Species discussed.)

Lingulella davisi (McCoy), Meek, 1871, Proc. Acad. Nat. Sci. Philadelphia for 187], vol. 23, pp. 186-187, fig. 2, p. 185.

(Discussed in discussion of "Lingulella lamborni." Fig. 2 is copied from Davidson, 1866, PL IV, fig. 14.)

Lingulella davisii (McCoy), Hall, 1873, Twenty-third Ann. Kept. New York State Cab. Nat. Hist., PL XIII, fig. 4.

(No text reference. Fig. 4 is copied from Davidson, 1866, PL IV, fig. 16.)

Lingulella davisii (McCoy), Roemer, 1876, Letheea geognostica, pt. 1, Lethaea palseozoica. Atlas, PI. II, figs. 5a-c.

(No text reference.)

Lingulella davisii (McCoy), Salter and Etheridge, 1881, Mem. Geol. Survey Great Britain, vol. 3, 2d ed., pp. 537-538,

PL II, figs. 7-12; PL IV, figs. 14 and 14a. (Copied from Salter, 1866b, p. 333, PL II, figs. 7-12; PL IV, figs.

14 and 14a.)

Lingulella sp. Kayser, 1883, China, by Richthofen, vol. 4, pp. 35-36, PL III, fig. 3. (Described in German. Fig.

3 is reproduced in this monograph, PL XXX, fig. 2a.)

Lingulella davisi (McCoy), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 232,

fig. 239. (No text reference, figure copied from Salter, 1866b, PL IV, fig. 14a.)

Lingulella davisi (McCoy), Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 548,

fig. 239. (Copy of preceding reference.)

Lingulella davisi (McCoy), Hall and Clarke, 1892, Nat. Hist. New York Paleontology, vol. 8, pt. 1, pp. 56 and 57,

fig. 18. (Discussed in the text and figure copied from Salter, 1866b, PL IV, fig. 14a.)

Lingulella cf. davisii (McCoy), Kayser, 1897, Zeitschr. Deutsch. geol. Gesell. for 1897, Bd. 49, Heft 2, No. 2, p. 280, PL
VII, fig. 6. (Characterized. Fig. 6 is reproduced in this monograph, PL XXX, fig. 2.)

Obolus (Lingulella) davisii (McCoy), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 394 and 395, PL XXVII, figs. 1-5.

(Mentioned in discussion of genus Lingulella. The specimens represented by figs. 1, 2, 4, and 5 are redrawn in

this monograph, PL XXX, figs. 6f, 6d, 6e, and 6h, respectively.)

Lingulella cf. davisii (McCoy), Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 407-408.

(Described.)

Lingulella cf. davisii (McCoy), Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 203.

(Copied from preceding reference.)

The characters of this species, as far as known to me, are illustrated on Plate XXXI, and

reference is made to some of them in the description of the genus Lingulella. Many interest-

ing observations are given by Davidson [1866, p. 57] in his description of the species and its

occurrence at various localities in Wales.

E. Kayser [1897, PI. VII, fig. 6] illustrates a dorsal ? valve from the Cambrian beds of Iruya,

Province of Salta, Argentina, which he compares with Lingulella davisi. The specimen indicates

the presence of a form that may be the representative of L. davisi, but it may be a new form,

or possibly identical ^vith some one of the species of the Atlantic basin fauna found in New
Brunswick or Newfoundland. The original figure is reproduced on Plate XXX, figure 2.

The form illustrated by Kayser [1883, PI. Ill, fig. 3] in the report on the Cambrian brachi-

opods of Liaotung is also suggestive of Lingulella davisi, as may be seen by comparing a copy

of Kayser's figure on Plate XXX with the illustration of L. davisi on Plate XXXI, figure 2a.
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It should also be compared with Lingulella ampla (Owen) (PI. XXVIII, figs. 1, la-j) of the

Mississippi Valley.

The specific name was given in honor of Mr. J. E. Davis, who first called attention to the

species.

PoBMATioN AND LOCALITY."—Oidoviciaii : (304ii) "Coniston (Bala) limestone" [McCoy, 1854, p. 254], at Coniston,

Lancashire, England.

Upper Cambrian : (366d) Lower Lingula flags at Carnedd Filiast, Bangor; (366e) Lower Lingula flags at Marchillyn-

mawr, Llanberis; both [Davidson, 1866, p. 57] in Carnarvonshire, North Wales.

Lower Lingula flags at the following localities: (366f) Ffestiniog; (366g) Dolgelly; (3661i) Pen-y-Biyn, 5 miles (8 km.)
north of Dolgelly; (366i) Llyn Dywarchen; (366j) Pont Nant-y-Lladron, on the Bala Road; (366k)6 Penvwrfa: (3661)&

Tremadoc; and (366m) 6 near Nant-y-Groes, locst of Bala; all [Davidson, 1866, p. 57] in Merionethshire, North Wales.

(366n) Lower Lingula flags at Portmadoc; (366o) "Bala schists" [McCoy, 1854, p. 254] at Bryn Melyn, near Bala;

(366p [Davidson, 1866, p. 57]) Upper Tremadoc beds at Deudraeth; (366ci [Davidson, 1866, p. 57]) Upper Tremadoc beds
at Garth, opposite Portmadoc ; and (366a) upper portion of Middle Lingula flags, 6 miles (9.6 km.) east of Ffestiniog; all

in Merionethshire, North Wales.

(366r) Shale 2 miles (3.2 km.) north of Builth, Brecknockshire; and (366 [Davidson, 1866, p. 57]) atWhitesand Bay,
near St. Davids Head, Pembrokeshire; both in South Wales.

(318m [Davidson, 1866, p. 57]) Near the base of the lower black slates, in the Waterfall Valley near Maentwrog,
North Wales.

(307a [Matthew, 1903, p. 203]) Shales of Division C3c2 of Matthew on McLeod Brook (=Barachois River), near Bois-

dale, eastern Cape Breton, Nova Scotia, Canada.

(389d [Kayser, 1897, p. 280]) Iruya, Province of Salta, Argentina, South America.

(332 [Kayser, 1883, p. 35]) Limestones at Saimaki, Liaotung, China.

1 , Lingulella delgadoi n. sp.

Plate XXIX, figures 6, 6a-c.

Lingulepis acuminata meeJci Delgado [not Walcott], 1904, Communicagoes Commissao Servijo Geol. Portugal, tome 5,

fasc. 2, pp. 366-367, PI. IV, figs. 17 and 27; PI. VI, fig. 9. (Characterized and discussed in French. A photo-

graph of the specimen represented by fig. 27 (reverse view) is reproduced in this monograph, PI. XXIX,
fig. 6b.)

Lingulella granvillensis Delgado [not Walcott], 1904, idem, pp. 367-368, PI. IV, figs. 15, 16, 18, and 19. (Discussed in

French. Photographs of the specimens represented by figs. 16 and 18 are reproduced in this monograph,
PI. XXIX, figs. 6 and 6a, respectively.)

Lingulellaferruginea Delgado [not Salter], 1904, idem, pp. 368-369, PI. IV, figs. 20 and 21; PI. VI, fig. 2. (Discussed

in French.-)

Lingulella cf. linguloides Matthew, Delgado, 1904, idem, pp. 369-370, PL IV, fig. 14. (Described and discussed in

French. A photograph of the specimen represented by fig. 14 (reverse view) is reproduced in this monograph,
PI. XXIX, fig. 6c.)

This is one of the abundant and variable forms in the fauna of the Province of Alemtejo.

It may be compared in tliis respect with the widely distributed Lingulella ferruginea Salter.

Delgado vcompares different phases of it to three species, two of which, L. ferruginea Salter and
L. cf. linguloides IMatthew, I think are specifically the same. Lingulella granvillensis Walcott
has the same flattening along the median line of the ventral valve. As stated by Delgado

[1904, p. 367], there is a strong resemblance between the representatives of the two forms, but I

think that it is better to give the Portuguese form a distinct specific name than to identify it

with the American species.

Delgado sent me enlarged photographs of the specimens of the three varieties which he
recognized and illustrated, and I have reproduced four of them, Plate XXIX, figures 6, 6a-c.

It is quite probable that if I had all of Delgado's specimens to study a different disposition

would be made of the specific references, but with present knowledge and experience of the

variability of species like this, especially where the shells have been more or less misshaped by
lateral movement in the "schists," I prefer to combine the forms in one species.

The specific name is given in honor of the late Dr. J. F. Nery Delgado.

Formation and locality.—Lower Cambrian: (351 [Delgado, 1904, pp. 366-369]) Shales at Monte de Valbom,
northeast of Villa Boim, Province of Alemtejo, Portugal.

oThe species also occurs in Locality 317b (p. 248).

>> Davidson does not state wiiioh ot tlie three localities {366k, 366 1, or 366m) is the type.
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LiNGULELLA DESIDERATA (Walcott).

Plate XX, figures 4, 4a-c, 5, 5a-j.

Obolus (Lingulella) desideratus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 399-400. (Described and discussed

as a new species.)

Oholus {Lingulella) desideratus Walcott (in part), 1899, Men. U. S. Geol. Survey, vol. 32, pt. 2, pp. 445^446, PL LX,
fig. 2 (not 2a). (Described essentially as below, and discussed. The specimen represented by fig. 2 is redrawn

in this monograph, PL XX, fig. 4. The specimen represented by fig. 2a is referred in this monograph to Oholus

rotundatus, PL XX, fig. 2e.)

Dicellovius nanus Walcott (in part) [not Meek and Hayden], 1899, idem, p. 447, PI. LX, fig. 3 (not figs. 3a-d).

(Mentioned. The specimen represented by fig. 3 is redrawn in this monograph, PL XX, fig. 5j. The speci-

mens represented by figs. 3a-d are referred in this monograph to Dicellomus nanv^.)

Shell small, subovate, with the ventral valve obtusely acuminate, .and the dorsal valve

broadly ovate. Valves are strongly convex, with the ventral valve fully as much so as the

dorsal. There is a slight variation in the outline of the valves, some being slightly more
rounded posteriorly than others.

The surface of the shell is marked by fine, concentric lines of gi'owth, and between them
very fine, slightly irregular striae; a few rather narrow indistinct undulations radiate from

the umbo toward the front and lateral margins; when the outer shell is partly exfoliated the

outer surface of the inner layer is marked by very fine indistinct radiating strias; there are a

few traces of small, scattered pits or punctse on the inner surface. The shell is thin and formed

of an outer layer and one or more inner layers cr lamellae.

The average length of the ventral valve is about 4 mm.; width, 3 mm. A dorsal valve

3.5 mm. long has a width of 3 mm.
A cast of the interior of a ventral valve shows an area of medium length, divided midway

, by a narrow, clearly defined pedicle groove. The area of the dorsal valve is short. Nothing

is known of the interior of the ventral valve, but in a cast of a dorsal valve -there are traces

of the main vascular smuses, central median septum, and the central muscle scars.

Ohservations.—This species may be compared with the Middle Cambrian Lingulella ferru-

ginea Salter of the Atlantic basin faunas, and L. similis (Walcott), of the Black HUls, upper
Mississippi Valley, and Appalachian faunas. Lingulella similis is more convex and narrower,

and L. manticula (White) is considerably more acuminate. Compared with the Rocky Moun-
tain species it is intermediate between L. manticula and L. rotunda (Matthew) . It may also be

compared with L. granvillensis Walcott of the Olenellus fauna of eastern New York, and L.

iole (Billings) of the Lower Ordovician fauna of Newfoundland. It is distinguished from
L. granvillensis by its more regularly rounded anterior margin.

The specimens represented by Plate XX, figures 4b, 4c, and 5j, are broader proportionately

than the typical specimens represented by Plate XX, figures 4 and 4a, but they occur at the

same geological horizon in the Eureka district, Nevada. What appears to be the same, or a

closely related species, occurs in the upper beds of the Secret Canyon shale in the Eureka dis-

trict, Nevada.

A form that appears to be identical occurs ia considerable abundance m Alabama and
Tennessee. The similarity in form between the specimens from Wyoming and Nevada, and
those from Alabama and Tennessee is shown by Plate XX, figures 4, 4a-c, of the t3^pical

specimens, and Plate XX, figures 5, 5a-i, of their representatives in the Appalachian region.

This similarity is even more striking when the specimens are compared directly with one another,

and some allowance made for the fact that the Appalachian specimens have all been more or

less compressed.

A small shell that appears to be identical with this species qccurs in the red sandstone

and argillaceous shale of the Lower Ordovician of Colorado. The specimens from Trout Creek,

below Bergen Park, are much like those from the Gallatin Range in Montana and the same
species of BUlingseUa is associated with them. At Cement Creek, 10 miles (16.1 Ian.) south-

east of Crested Butte, Colorado, the shells occur in a fine conglomerate and coarse sandstone
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associated with, a species of Bathyurus much like tliat from the beds containing Lingulella

desiderata at Trout Creek.

Formation and locality.—Lower Ordovician: (360) Red siliceous limestone near Colorado Springs; (186) near

line of contact between red and gray Ordovician limestones, in red siliceous limestone about 30 feet (9.1 m.) above

the pre-Cambrian rocks, Williams Canyon, Manitou; (187) red siliceous limestone 105 to 122 feet (32 to 36.7 m.) above

the pre-Cambrian rocks, 2 miles (8.2 km.) below Manitou Park Hotel; (360a) red siliceous limestone on west side of

Trout Creek, below Bergen Park, 7 miles (11.2 km.) north-northwest of Manitou; all in El Paso County, Colorado.

(360b) Red siliceous limestone on Cement Creek, 3 miles (4.8 km.) north of Hot Springs, Ouray County; and
(360c) red siliceous limestone about 10 miles (16.1 km.) southeast of Crested Butte, Elk Range; both in Colorado.

Upper Cambrian: (161) Limestone on the south side of West Gallatin (Gallatin) River, northwest of Hamilton,

on the north side of the Gallatin Valley, Gallatin County, Montana.

(7x, 7y, and 7z) Limestone of the Emigrant formation [Turner, 1902, p. 265], about 2.5 miles (4 km.) southeast

of the summit of Emigrant Pass, Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County; (8n) limestone

about 500 feet (152 m.) up in the limestones east of Swallow Ranch, west side of Snake Range, 20 miles (32.2 km.)

south of Osceola, White Pine County; (313) limestone 0.75 mile (1.2 km.) east-northeast of McGill post office, ^^^lite

Pine County; and (61) limestone in the Dunderberg shale [Walcott, 1908f, p. 184], a little south of the Hambui'g mine,

Eureka district [Hague, 1892, Atlas], Eureka County; all in Nevada.

(301i) About 350 feet (106.7 m.) above the Middle Cambrian and 2,950 feet (899.2 m.) below the top of the Upper
Cambrian near the base of the arenaceous limestones forming 2a of the Orr formation [Walcott, 1908f, p. 177]; and

(30j and 30k) 950 and 1,150 feet (289.6 and 350.5 m.) above the Middle Cambrian and 2,450 and 2,175 feet (746.8 and
662.9 m.) below the top of the Upper Cambrian, in the arenaceous shales and limestone forming le of the Orr forma-

tion [Walcott, 1908f, p. 176]; all on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House Range [Walcott,

1908f, PI. XIII], Millard County, Utah.

(15d) " Thin-bedded blue limestone near Cave Spring on the east side of the Fish Spring Range, about 4 miles

(6.4 km.) south of the J. J. Thomas ranch, Juab County; (34t) limestone 1.5 miles (2.4 km.) northwest of Wahwah
Springs, about 80 feet (24.4 m.) below the highest point on the north side of the road at Cane Pass, Wahwah Moun-
tains, Beaver County; (32g) about 2,575 feet (784.9 m.) above the Cambrian quartzitic sandstones in a blue limestone

about 2 miles (3.2 km.) southeast of Muskrat Springs on the northwest face of Grantsville Peak, Stansbury Range,
Tooele County; (54j) about 700 feet (213.4 m.) above the Middle Cambrian and 525 feet (160 m.) below the top of the

Upper Cambrian in the arenaceous limestones forming 2c of the St. Charles formation [Walcott, 1908f, p. 192], in

Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County; all in Utah.

(5a and 54t) Limestones of the St. Charles formation [Walcott, 1908a, p. 6] about 250 feet (76 m.) above the Middle
Cambrian on the north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,

Idaho.

(93 and 93o) Shales and limestones at the base of the Knox dolomite near Jordan's, just below the ford on Cowan
Creek, about 8 miles (12.8 km.) southeast of Center; (93a) *> same horizon as Locality 93 on Terrapin Creek road from

Center to Amberson; (94o) same horizon as Locality 93, 0.25 mile (0.4 km.) beyond Givens Ford, on Cowan Creek, about
8 miles (12.8 km.) southeast of Center; and (94xx) same horizon as Locality 93 at Givens mill, on Cowan Creek, about
8 miles (12.8 km.) southeast of Center; all in Cherokee County, Alabama.

(361) Shaly limestone in suburb of Attalla, Etowah County, Alabama.

(96) Limestones near the ford on the Cedartown road, 1.5 miles (2.4 km.) south of Rome, Floyd County; and
(362) shales in the Oothkalooga Valley, Bartow County; both in Georgia.

(107u and 107o) Limestones and shales at the base of the Knox dolomite, west of the top of Copper Ridge, near

the Southern Railway cut, about 10 miles (16.1 km.) northwest of Knoxville [Keith, 1896b, areal geology sheet], Knox
County, Tennessee.

(122a)'' Shale at the headwaters of Forgey Creek, northwestern part of the Greeneville quadrangle (U. S. Geol.

Survey), Hawkins County, Tennessee.

Upper? Cambrian: (56) Limestone at Sierra Springs, eastern base of Lookout Mountain, Eureka district [Hague,

1892, Atlas], Eureka County, Nevada.

Middle? Cambrian: (313c) Limestone about 12 miles (19.3 km.) west-southwest of Alpha Station, Em-eka County,

Nevada.

Middle Cambrian: (57) Shaly Eldorado limestone [Walcott, 1908f, p. 184] at the 700-foot (213.4 m.) level of the

Richmond mine, Ruby Hill [Hague, 1892, p. 43, and PL I, opposite p. 116]; (57b) limestones at the north end of Mineral

Hill, just south of Ruby Hill [Hague, 1892, p. 43, and PL I, opposite p. 116]; (60) limestones in upper beds of Secret

Canyon shale, across the canyon from the dump of the old Richmond mine shaft; and (58) shaly limestones in upper
beds of Secret Canyon shale, east side of New York and Secret canyons; all in the Eureka district [Hague, 1892, Atlas],

Eureka County, Nevada.

(313b) Limestone 3 miles (4.8 km.) north-northeast of Schellbourne, Schell Creek Range, White Pine County,
Nevada.

a This species also occurs at Locality 34i (p. 196).

b The species is somewhat doubtfully identified from this locality,

c This species also occurs at Locality 122 (p. 223).
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(15x) Limestones near the middle of the Fish Spring Range, near the line between Juab and Tooele counties;

and (15p) limestones near the north end of the Fish Spring Range, Tooele County; both in Utah.

(5b) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic sandstones, on

the north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County; (59f) lime-

stones immediately underlying the Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], in a saddle north

of the creek which flows into Mill Canyon from the west, about 5 miles (8 km.) west-southwest of Liberty and 15

miles (24.2 km.) west of Montpelier, Bear Lake County; and (55c and 163) Spence shale member of the Ute limestone

[Walcott, 1908a, p. 8], about 50 feet (15.2 m.) above the Brigham quartzite and 2,755 feet (839.7 m.) below the Upper
Cambrian, in a ravine running up into Danish Flat from Mill Canyon, about 6 miles (9.6 km.) west-southwest of Lib-

erty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County; all in Idaho.

(55e) Spence shale member of the Ute limestone about 100 feet (30.5 m.) above the Brigham quartzite [Walcott,

1908f, p. 197], at the mouth of the first small canyon south of Wasatch Canyon, east of Lakeview ranch, 5 miles (8 km.)

north of Brigham, Boxelder County, Utah.

(311 and 54;h) About 3,140 feet (957.1 m.) above the Brigham quartzite and 1,050 feet (320 m.) below the Upper
Cambrian in the limestones forming la of the Bloomington formation [Walcott, 1908f, p. 194]; and (541) about 500 feet

(152.4 m.) above the Brigham quartzite and 3,700 feet (1,127.8 m.) below the Upper Cambrian in the Spence shale

member of the Ute limestone [Walcott, 1908f, p. 197]; both in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east

of Hyrum, Cache County, Utah.

(3021) Limestone in the Gallatin Range; and (302b) limestone near Crowfoot Ridge, Gallatin quadrangle (U. S.

Geol. Survey); both in Yellowstone National Park, Wyoming.

(5f) Limestones interbedded in the Wolsey shale [Weed, 1900, p. 285], in Meagher County on the road to Wolsey,

about 4 miles (6.4 km.) south of the divide at the head of Sawmill Creek and 11 miles (17.7 km.) south of Neihart,

Little Belt Mountains quadrangle (U. S. Geol. Survey), Cascade County, Montana.

(58 1) About 1,830 feet (557.8 m.) above the Lower Cambrian in the limestone forming 3b of the Stephen formation

[Walcott, 1908c, p. 238(7)], on the east side of Mount Stephen about 3,000 feet (914.4 m.) above the Canadian Pacific

Railway track, 3.5 miles (5.6 km.) east of Field, British Columbia.

(88a) Limestone about 100 feet (30.5 m.) above the quartzitic sandstone at the base of the Cambrian, in the north-

ern suburbs of Deadwood, in the Black Hills, South Dakota.

(9) Limestone on southeastern slope of ridge 1 mile (1.6 km.) north of the northwest corner of Harlans Knob,

about 4 miles (6.4 km.) northeast of Rogersville [Keith, 1905, areal geology sheet]; (9a) same horizon as locality No. 9

in limestone on the south shore of Holston River at Melinda Ferry, 5 miles (8 km.) southwest of Rogersville [Keith,

1896a, areal geology sheet]; (101a and 101b) Rogersville shale near the schoolhouse, 3.5 miles (5.6 km.) southwest of

Rogersville, on the road to Melinda Ferry; (103b) third limestone south of the ridge of sandstone in the Rome formation

("Town Knobs"), on the road from Rogersville to Dodson Ford, near the line between the Morristown and Greeneville

quadrangles (U. S. Geol. Survey) ; and (121) Rogersville shale, road just east of Harlan Knob, 4 miles (6.4 km.) northeast

of Rogersville [Keith, 1905, areal geology sheet]; all in Hawkins County, Tennessee.

(117) Shales on the road north from Greeneville, Greene County, Tennessee.

(369g) Shales at Bonneterre, St. Francois County, Missouri.

(90b) Conasauga limestone, in cut on the Louisville and Nashville Railroad, near Woodstock, Bibb County;

(16) Conasauga ("Coosa") limestone, Blountsville Valley, Blount County; and (139) limestone on Hokes Bluff road,

north of the chert outcrop, 5 miles (8 km.) east of Gadsden, Etowah County; all in Alabama.

Specimens somewhat doubtfully referred to this species occur at the following locality:

Middle Cambrian : (107a) Shale in railroad cut in Bull Run, northwest of Copper Ridge [Keith, 1896b, areal geology

sheet], 11 miles (17.7 km.) northwest of Knoxville, Knox County, Tennessee.

LiNGULELLA DUBIA (Walcott).

Plate XXIV, figures 4, 4a.

Lingulella ella Walcott (in part) [not Hall and Whitfield], 1886, Bull. U. S. Geol. Survey No. 30, pp. 97-98, PI.

VIII, figs. 4b and 4c (not PL VII, fig. 2, or PL VIII, figs. 4, 4a, 4d, and 4e). (Original description. Hall and

Whitfield, 1887, p. 232, copied and species described and discussed. The specimens represented by figs. 4b

and 4c are redrawn in this monograph, PL XXIV, figs, 4 and 4a, respectively. The specimens represented by
PL VII, fig. 2, and PL VIII, figs. 4, 4a, 4d, and 4e, are referred in this monograph to OholiLS {Westonia) ella.)

Lingulella ella Walcott (in part) [not Hall and Whitfield], 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 607, PL
LXVII, figs. 2c-d (not figs. 2, 2a-b). (Mentioned. Figs 2c and 2d are copied from Walcott, 1886b, PL VIII,

figs. 4c and 4b, respectively. The specimens represented by figs. 2c and 2d are redrawn in this monograph, PL
XXIV, figs. 4 and 4a, respectively. The specimens represented by figs. 2, 2a-b, and 2e are referred in this

monograph to Obolus (Westonia) ella.)

Lingulella efla Hall and Clarke (in part) [not Hall and Whitfield], 1892, Nat. Hist. New York, Paleontology, vol.

8, pt. 1, p. 58, fig. 20 (not figs. 19 and 21). (Mentioned in the text. Fig. 20 is copied from Walcott, 1891a, PL
LXVII, fig. 2c. The specimens represented by figs. 19 and 21 are referred in this monograph to Obolus

(
Westonia)

ella.)
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Obolus (Lingulella) dubius Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 401. (Described and discussed essen-

tially as below as a new species.)

lAngulella genei Pack, 1906, Jour. Geology, vol. 14, No. 4, p. 295, PL I, figs. 3, 3a-b. (Described and discussed as a

new species.)

This is a small shell associated with Oholus ( Westonia) ella (Hall and Whitfield). It occurs

in the form of casts in argillaceous shale, no traces of the shell substance remaining. The
ventral valve averages about 3 mm. in length, and the dorsal valves are a Uttle shorter. A
cast of the interior of the ventral valve shows the visceral cavity (v), and an unusually strong

main vascular sinus (vs) on each side. Only one specimen shows these characters as illustrated

by Plate XXIV, figure 4; others only faintly indicate them.

This dorsal valve is I'ounded ovate, and the cast of its interior shows a very short area

that extends well out on the cardinal slopes. The interior markings are a portion of the main
vascular sinuses, which, in their form and extension, somewhat resemble those of the dorsal

valve of 0. ( W.) chuarensis (Walcott) . The only muscle scars preserved are the anterior laterals

of the dorsal valve.

As far as can be determined from the casts, the outer surface is marked by lines of growth
and fine, slightly undulating concentric striae.

Observations.—At first I thought the specimens now referred to this species were the young
Oholus (Westonia) ella, and so illustrated them [1891a, PI. LXVII, figs. 2o and 2d]. There is

still considerable doubt as to their specific relations, but in view of the very distinct interior

markings I have referred them to a new species.

The form described by F. J. Pack [1906, p. 29.5] as "Lingulella genei" comes from the same
locahty and band of shale as L. duhia, and has the same form and strong interior markings.

Some of Pack's specimens show the cast of the exterior surface. This is marked by the very
fine, concentric, shghtly undulating hues so typical of Lingulella. The best-preserved casts of

the surface do not present the characteristics of the surface of Obolus ( Westonia) ella.

Formation and locality.—Middle Cambrian: (31) Shales at the Chisholm mine, southwest slope of Ely Mountains;

and (333 [Pack, 1906, p. 295]) shales on the dump of the Abe Lincoln mine; both near Pioche, Lincoln County, Nevada.

Lingulella ellsi (Walcott).

Plate XIX, figures 3, 3a-c.

Oholus {Lingulella) ellsi Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 402. (Described and discussed as below

as a new species.)

Shell small, broad ovate in outline, with the ventral valve obtusely acuminate, and the

dorsal valve broadly rounded; valves appear to have been moderately convex, judging from
their appearance in the siUceous shale. The surface of the shell is marked by rather strong,

concentric lines and striae of growth, the strise apparently indicating a slightly lamellose surface;

very fine radiating striae occur on the surface of the inner layers of the shell. A ventral valve

3.5 mm. in length has a width of 2.75 mm.; the dorsal valve is a httle shorter than the ventral

valve.

Partial casts of the interior of the ventral valve show a very clearly defined area that

extended as a shelf on each side of the rather deep, narrow, pedicle furrow; portions of the

casts that fill the undercut may be observed in several specimens; the flexure hues are narrow,

shai-p, and situated well out toward the lateral margins. The cast of the visceral area of the

ventral valve extends about one-third the distance from the area to the anterior margin; it is

not well defined, and no traces of muscle scars have been detected; of the vascular system
only the base of the main sinuses is shown in any of the casts.

Observations.—This very pretty little species is closely related in form to Lingulella rotunda

(Matthew), and comparison should also be made with the more rotund variety of L.ferruginea

Salter. It occurs in association with Acrothele pretiosa (Billings).
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The specific name is given in honor of Dr. R. W. Ells, whose fine work on the geology of a

portion of the Province of Quebec unraveled the stratigraphic relations of the Lauzon slates in

which the species occurs. Doctor EUs guided me to the locaHty at which the species occurs.

Formation and locality.—Ordovician: (220a) Shales of the "Upper Sillery" ('Lauzon of Logan), onChaudiere

River at the Grand Trunk raihoad bridge, Province of Quebec, Canada.

^
LiNGXJLELLA FEREUGINEA Salter.

Plate XXIX, figures 1, la-w, 2, 2a;-f ; Plate XXX, figure 1; Plate XXXI, figures 3, 3a-c; Plate XXXV, figures 4, 4a-b.

Lingulella unguiculus Saltek, 1866, Kept. British Assoc. Adv. Sci. for 1865, p. 285. (Mentioned in a list of fossils

from the "Menevian group.")

Lingulellaferruginea Salter, 1867, Quart. Jour. Geol. Soc. London, vol. 23, pt. 1, p. 340, fig. 1. (Described by Salter

as a new species in the paper by Salter and Hicks, see p. 497 for copy. Fig. 1 is reproduced in this monograph,

PI. XXIX, fig. 2b.)

Lingulella ferruginea ovalis Hicks, 1867, idem, p. 341, figs. 2 and 3, p. 340. (Characterized by Hicks as a new
variety, and discussed by Salter and Hicks, in the paper by Salter and Hicks. Figs. 2 and 3 are reproduced

in this monograph, PL XXIX, figs. 2 and 2a, respectively.)

Lingulella ferruginea Salter, Davidson, 1868, Geol. Mag., vol. 5, pp. 306-307, PI. XV, figs. 1-8. (Described and dis-

cussed. Figs. 7a and 6a are reproduced in this monograph, PL XXIX, figs. 2c and 2d, respectively.)

Lmgulellaferruginea ovalis Hicks, Davidson, 1868, idem, p. 307. (Mentioned in discussion of L. ferruginea.)

Lingulellaferruginea Salter, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, pp. 336-337, PI. XLIX,
figs. 32-35. (Described and discussed, see p. 497 for copy of part of discussion. Figs. 35a and 33a are repro-

duced in this monograph, PI. XXIX, figs. 2e and 2f, respectively.)

Lingula or Lingulella sp. Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 15-16,

PI. Ill, figs. 24-28. (Described and discussed in English. Fig. 28 is reproduced in this monograph, PI. XXXI,
fig. 3c.)

Lingulella sp. undt. Linnarsson, 1879, Sveriges Geol. Undersokning, Afhandl. och uppsatser, Ser. C, No. 35, p. 25,

PI. Ill, figs. 38 and 39. (Described in Swedish.)

Lingulella ferruginea Salter, Salter and Etheridge, 1881, Mem. Geol. Survey Great Britain, vol. 3, 2d ed., p. 538.

(Occurrence mentioned.)

Lingulella ferruginea Salter, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, PI. XVII, fig. 35. (No text

reference.)

Lingula ? dawsoni Matthew, 1884, Manuscript name requested by Walcott.

Lingula ? dawsoni Matthew, Walcott, 1884, Bull. U. S. Geol. Survey No. 10, p.. 15, PI. V, fig. 8. (Described and dis-

cussed as a new species, see p. 497 for copy. The specimen represented by fig. 8 is redrawn in this monograph,

PI. XXIX, fig. Id.)

Lingulella dawsoni Matthew (in part), 1886, Trans. Roy. Soc. Canada for 1885, vol. 3, sec. 4, No. 3; pp. 33-34, PI. V,

fig. 9d (not figs. 9, 9a-c). (Described and discussed as a new species, but refers in synonymy to preceding

reference. The specimen represented by fig. 9d is redrawn in this monograph, PI. XXIX, fig. 1. The speci-

mens represented by figs. 9, 9a-c are referred in this monograph to Lingulella martinensis.)

Lingulella linguloides Matthew, 1886, idem, p. 34, PL V, figs. 8, 8a-b. (Described and discussed as a new species.

The two specimens represented by figs. 8, 8a-b are redrawn in this monograph, PL XXIX, figs la, lb, and Ic,

respectively.)

Obolella f gemmula Matthew, 1892, Trans. Roy. Soc. Canada for 1891, vol. 9, sec. 4, No. 5, pp. 41-42, PL XII, figs.

8a-c. (Described and discussed as a new species. The specimens represented by figs. 8b and 8c are redrawn

in this monograph, PL XXIX, figs, lu and Iv, respectively.)

Lingulella dawsoni (Matthew), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 58, PL II,

fig. 5. (Mentioned in text. Fig. 5 is drawn from the specimen figured by Matthew, 1886, PL V, fig. 9d.)

Lingulella ci. ferruginea Salter, Kayser, 1897, Zeitschr. Deutsch. geol. GeselL, Bd. 49, Heft 2, No. 2, p. 280, PL VII,

fig. 7. (Characterized and discussed in German. Fig. 7 is reproduced in this monograph, PL XXX, fig. 1.)

Obolus {Lingulella) gemmulus (Matthew), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes

generic reference.)

Leptobolus cf. linguloides Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 407. (De-

scribed.)

Leptobolus linguloides Matthew, 1902, idem, p. 407. (Merely changes generic reference.)

Lingulella ferruginea Salter, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 108. (Dis-

cussed in description of "Leptobolus atavus.")

Leptobolus gemmulus Matthew, 1903, idem, pp. 190-192, PL XIV, figs. la-c. (Original description, Matthew 1892,

p. 41, copied, revised, added to, and discussed.)

Leptobolus cf. linguloides Matthew, 1903, idem, pp. 192-193. (Copy of Matthew, 1902b, p. 407.)

Leptobolus linguloides Matthew, idem, p. 193. (Merely changes generic reference.)
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The original description by Salter [Salter and Hicks, 1867, p. 340] is as follows:

Length fully 2.5 lines. Form ovate-oblong, the front rather obtuse, but not straight edged; the sides nearly

parallel; the obtusely pointed beak includes an angle of about 75°. Generally convex, especially down the median

area; the sides beveled obliquely; the surface concentrically and very finely striated; the inner surface rather coarsely

sulcate concentrically, indicating close ridges or sharp waves of growth upon the outer sm'face (not visible in our

specimens). The inner surface (and probably the outer) shows radiating lines (rather coarse ones) over the median

area, but not on the sides.

The pedicle groove is so wide and pyramidal as to open at anangle of 40°; and its edges are so strongly pronounced

as to give the appearance of hinge plates. A short median ridge divides this area, and extends but a very short

distance. A specimen, apparently of the shorter valve, has also a median line, but fainter and longer. This is

uncertain, the specimen being much crushed.

The foregoing description was followed by a description of a variety named ovalis by
Hicks [Salter and Hicks, 1867, p. 341]. It was collected in the Red Rocks of the Menevian
group near St. Davids, and the varietal name was given to it on account of the front edge

being "rounded oif, and not squared at aU." Davidson [1868, p. 307] stated that he did not

consider this character of any importance, as he had before him specnnens of L. ferruginea

of a similar size which had the front quite as much rounded off. Davidson [1868, p. 307] also

states that there can be no doubt as to the shell termed LinguleUa unguiculus by Salter in 1865

being the same species as L. ferruginea described in 1867. He also states that it is true that

L. ferruginea, like most of its congeners, varies slightly in its shape in different examples; some
having their front and middle more rounded than others, and the posterior portion converging

rather more in some individuals than in others.

Davidson [1871, p. 336] further observes that

—

this small species has been correctly described and illustrated by Mr. Salter; and is, as far as we are aware, the earliest

brachiopod hitherto discovered; for specimens [Davidson, 1871, PL XLIX, fig. 35] were found by Hicks at the middle

and the very base of the pm-ple and red rocks of Sedgwick's "Hai-lech group," which dhectly underlies the "Menevian
group" or lowest Lingula flags. The position is about 1,200 feet (365.8 m.) lower in the series than the specimen

described by Salter and Hicks [1867, p. 340]. The shell does not appear to be scarce, but the beds are much cleaved,

and their color is not in any way favorable to the exhibition of the characters of so thin a shell.

In my remarks [1884a, p. 15] upon the species "Lingula ? dawsoni" Matthew, I called atten-

tion to the close resemblance between that species and LinguleUa ferruginea, and said that

with only a specimen of the ventral valve for comparison it was difficult satisfactorily to

determine the specific relations of the species.

With the large collections now before me from Newfoundland, and Matthew's and our

own specimens from New Brunswick, it is possible to refer the form that has been described

as Lingula? dawsoni to LinguleUa ferruginea.

Before making comparisons between the American and Welsh representatives of the

species described, I wiU quote the original description of L. dawsoni [Walcott, 1884a, p. 15],

and add such additional data as the specimens from the other collections of Newfoundland
have afforded:

Shell small, broadly subelliptical, subattenuate toward the beak; the margins gradually expanding and cturving

from the beak to the center, where the shell has its greatest width, and thence narrowing toward the front, which is

broadly rounded. General surface depressed, convex, becoming more convex toward the beak.

Surface marked by fine undulating concentric lines crossed by radiating lines that are seen only by the aid of a
strong magnifying glass.

In form this species approaches LinguleUa ferruginea Salter of the Menevian formation of Wales quite closely,

but with only a specimen of the ventral(?) valve to compare with it, it is difficult satisfactorily to determine its

specific relations.

From the Newfoundland material the following additional description is taken:

The dorsal valve is ovate and moderately convex as it occurs in the shale.

The shell appears to have been tliin, and budt up of two or more layers or lameUse. The
surface described for the type specimen is correct for the surface when the thin outer layer

is exfohated. The outer surface, as shown by a small bit of it on the type specimen, is of the

62667°—VOL 51, pt 1—12 32
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same general character as that of Lingulella radula Matthew and Lingulella mariinensis

Matthew. It is exceedingly fine and is discernible only with a strong magnifier.

The surface of a specimen represented by Plate LXIX, figure It, is marked, in addition

to the radiating and concentric lines, by irregular, more or less transverse lines that suggest

the surface of species referred to the subgenus Westonia. Associated specimens do not show
tlois peculiarity of surface.

The interior of the dorsal valve is not well shown. In two specimens (PI. XXIX, figs. 1

and 1 1) traces of the visceral area are preserved, and the area and pedicle groove are indicated

in figure If. In the casts of the dorsal valve the area is clearly defiiied (fig. In) and the trans-

median (i) and the central muscle scars (h) (fig. Iq). The main trunk of the vascular sinus

is far out toward the margins (fig. Ir), and in the same interior the paths of advance of the

muscle scars are imusually prominent. A median sinus appears to be indicated in figure In.

Observations.—^Through the courtesy of Dr. Gilbert D. Harris I have been able to com-
pare the type specimen of "Lingula ? dawsoni," which belongs to the Hartt collection of Cornell

University, with the specimens referred to the species by Matthew. Only one of Matthew's

specimens [1886, PI. V, fig. 9d] belongs to the species. Two other specimens, however, described

and figured as " Lingulella linguloides" [Matthew, 1886, p. 34], are undoubtedly specifically iden-

tical with the original type of " Lingula f dawsoni," Matthew's identification being based on the

figure of the specimen described and illustrated by me [1884a, p. 15].

Two other specimens illustrated by Matthew [1886, PI. V, figs. 9, 9a-c] as " Lingulella

dawsoni" appear to be identical with L. maftinensis Matthew. Both the ventral and dorsal

valves of the two figured specimens are broken away at the beak, and allowance is also made
for their being compressed in shale, while the types of L. martinensis are embedded in sandstone.

It will be noticed that our Plate XXIX, figure 1, differs from Matthew's figure 9d [1886,

PI. V] in the form of the visceral area, although they are drawn from the same specimen. The
shell is small, and the markings are somewhat indistinct, but from what may be seen and

from our knowledge of the form of the markings in the closely related species, I think the change

in the figure is necessary.

A shell that appears to be identical with tliis species occurs in the compact, gray, thin-

bedded sandstones that are interbedded in the Upper Cambrian shales on McNeil Brook,

1.5 miles (0.94 km.) east of Marion Bridge, Cape Breton, Nova Scotia. The species is abun-

dantly represented, the partings of the shaly sandstone often being nearly covered with the

detached valves. The average length of the ventral valve is 3 nam.

Lingulella ferruginea occurs in abundance m the shales and interbedded limestones of the

Manuels Brook section, Newfoundland, and also in the dark shales above the Lower Cambrian

beds near Topsail Head, on the shore of Conception Bay. In order to exliibit the range of

variation caused by the character of the embedding matrix, a number of specimens are illus-

trated. Plate XXIX, figures le to Ik, and In, are from the shales; figures If, li, Ij, and Ik

show the effect of compression and distortion, while figures 1 1, Im, lo, Ip, and Iq, from the

limestone, are more convex and regular, although the specimens they represent were chosen

as illustrating variation in form.

In the Manuels Brook section, Newfoundland, Lingulella ferruginea is associated with

Acrotreta misera, Agnostus punctuosus, Microdiscus punctatus, Paradoxides davidis, P. Mclcsi,

Anopolenus venustus, Conocoryphe elegans, CtenocepJialus matthewi, Erinnys venulosa, Ptycho-

paria robli, P. variolaris, Holocephalina inflata, Agraulos socialis, etc. [Walcott, 1891b, p. 261].

Davidson [1868, p. 306] gives a Ust of the fossils that occur in association with Lingulella

ferruginea in the Menevian group of Wales. x\jnong them we find Paradoxides davidis, P.

hicJcsi, Erinnys venulosa, Ptychoparia variolaris; also the genera Holocephalina and Anopolenus.

The above-mentioned association of species in the Newfoundland and Welsh beds shows

that Lingulella ferruginea occurs in the same relative faunal horizon on the two sides of the

Atlantic. A comparison of the illustrations of the type specimens [Salter and Hicks, 1867,

figs. 1-3] and those subsequently described and illustrated by Davidson [1871, PI. XLIX, figs.

33 and 35] shows clearly that there are no true specific differences between the two species.
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In order to place these clearly before students, the origmal figures of Salter [Salter and Hicks,

1867, figs. 1-3] and Davidson [1871, PL XLIX, figs. 33 and 35] are reproduced on Plate XXIX.
"Leptoholus gemm.ulus" Matthew [1903, p. 190] appears to be a true Lingulella and specific-

ally identical Avith L. ferruginea. It occurs at a iiigher horizon (Division 3c of Matthew's sec-

tion) than the typical forms of the latter in Wales and near St. John, New Brunswick, but

that is not surprising for a species which has so wide a geographic distribution. Only one

specimen from the tjqie locality at Navy Island, St. John, sent to me by Matthew, shows the

area and central groove of the ventral valve. In tho shales of his Division C3e on McLeod

Brook, Cape Breton, Mattliew collected a fine series of compressed and flattened shells that

he referred to "Leptoholus gemmulus." These shells appear to have tlie broad form as the

result of being flattened in the shale. The same changes occur in typical specimens of L.ferru-

ginea when flattened in the shales at Andrarum, Sweden. In tlie interbedded limestones they

are narrower and more convex. I note tlie same differences also in specimens from the shaly

sandstones of McNeil Brook, Cape Breton. The narrow, uncompressed forms are shown by

Plate XXXV, figures 4, 4a-b. In the same sandy shales occur .flattened shells that are as

broad as those referred to "Leptoholus gemmulus" Matthew [1903, p. 100] (PI. XXIX, figs,

lu and Iv).

Lingulella lepis Salter, when uncompressed, has the broad form given to L. ferruginea

by compression, and would be compared with Matthew's "Leptoholus gemmulus" if the latter

were retained as a species.

A species that appears to be identical with this occurs at Hastings Cove, St. John County,

New Brunswick, and a closely allied form, compared by Matthew [1895a, p. 115] with Lingulella

granmllensis, occurs in the "Protolenui beds" of Hanford Brook, St. John County, New
Brunswick.

Linnarsson [1876, PI. Ill] gives several illustrations of a small Lingulella from the Para-

doxides beds. One of them (see PI. XXXI, fig. 3c) is an elongate form that may represent a

distinct species from the broader forms represented by Plate XXXI, figures 3, 3a, and 3b in

this monograph. A direct comparison between specimens from the limestones of Sweden

and Newfoundland leads to the conclusion that they belong to the same species.

Kayser [1897, PI. VII, fig. 7] illustrates a species of Lingulella from Iruya, northern

Argentina, that he compares with L. ferruginea Salter. It certainly resembles that species

very closely, and -with our present knowledge of the wide distribution of L. ferruginea, I believe

we are justified in identifying the South American form as the representative of that species.

The figure given by Kayser [1897, PI. VII, fig. 7] is reproduced on Plate XXX. The associated

species given by Kayser [1897, pp. 277-281] are Liostracus ulrichi, L. steinmanni, L. sp., Agnostus

iruyensis, Lingulella cf. davisi, and Orthis saltensis.

FoRMATio>f AND LOCALITY. «—Upper Cambrian: (3h) Shale and shaly limestone on McNeil Brook, 1.5 miles (2.4

km.) east of Marion Bridge; (307 [Matthew, 1903, p. 192]) shales of Division C3c of Matthew, on McLeod Brook (=Bara-

chois River); and (307a [Matthew, 1903, p. 240]) shales of Division C3c2 of Matthew, on McLeod Brook (=Barachoi3

River), near Boisdale; all in eastern Cape Breton, Nova Scotia, Canada.

(308 [Matthew, 1892, p. 41]) Shales of Division C3c of Matthew at Navy Island, St. John Harbor, St. John County,

New Brunswick, Canada.

(3) Shaly limestones 300 feet (91.4 m.) above the Paradoxides zone, Manuals Brook, Conception Bay, Newfound-

land.

(310d) Ceratopyge slate at Borgholm, Oeland Island, Sweden.

(389d [Kayser, 1897, p. 280]) Iruya, Province of Salta, Argentina, South America.

Middle Cambrian: (3i) Compact, fine-grained, thin-bedded, gray sandstone of the Paradoxides zone, on McLean
Brook, 1 mile (1.6 km.) east of McCodrum Brook, and 1.5 miles (2.4 km.) west of Marion Bridge, eastern Cape Breton,

Nova Scotia, Canada.

(2s) Limestone in upper part of Paradoxides zone, at Hastings Cove [Matthew, 1898b, p. 38], on Kennebecasis

Bay, 0.5 mile (0.8 km.) northeast of Torryburn, on the Intercolonial Railway northeast of St. John; (2i) sandstones

of Division lb3 of Matthew's [1895a, p. 108] Protolenus zone, on Hanford Brook; and (21) limestone at the base of

the Paradoxides zone [Matthew, 1895a, p. 108]; all on Hanford Brook, St. John County, New Brunswick.

(301 1) Shales of Division Id of Matthew on Porters Brook, St. Martins; (2m) shales near the base of the Paradoxides

zone on Hanford Brook; (301k) St. John formation in the city of St. John; (301Ii) shales of Division Ic of Matthew,

on Hanford Brook; (301g) sandstones of Division Ic of Matthew, at Portland (now a part of the city of St. John); and

o This species also occurs at Localities 318u and 3187, p. 249.
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(301z) in Division Ic of Matthew at Ratcliffs Millstream; all [Matthew, 1886, p. 34] in St. John County, New
Brunswick.

(la, 6 1, and 6n) Shales near the top of No. 6 of the Manuels Brook section; (6r and 6u) limestone and shale, respec-

tively, on the west side of Manuels Brook; (1) shales of zone A of No. 7 of the Manuels Brook section; and (2) shales

of zone B of No. 7 of the Manuels Brook section; all on Manuels Brook [Walcott, 1891b, p. 261], Conception Bay,
Newfoundland.

(2a) Shales from same horizon as No. 1, Topsail Head, Conception Bay, Newfoundland.

(6g) Limestone near the base of the Middle Cambrian, the lowest horizon carrying Paradoxides, northwest side

of Chappie Arm Harbor, about 1 mile (1.6 km.) from its head. Trinity Bay, Newfoundland.

(318j [Salter, 1866b, p. 340]) Black shales of the Menevian group at Pen-y-pleidiau, St. Davids; (318h) shales in the

Menevian at St. Davids; (318o) » red shales at the base of the Harlech grits at Solva; (366b) red shales at the base of the

Harlech grits at Porthclais Harbor, south of St. Davids; and (318n)o red shales at the base of the Harlech grits at St.

Davids; all in South Wales.

(318e)a Lower portion of the Menevian at Camlan; (318k) « in the Menevian rocks at Tafern Helig; (3181)° in

the Menevian rocks at the Waterfall Valley, near Maentwrog; all in North Wales.

(8w) Limestones of the Paradoxides forchhammeri zone, at Andrarum, 20 miles (32.2 km.) northwest of Simri-

shamn. Province of Christianstad
; (310q) limestone of the Agnostus Imvigatus zone at Lovened, Province of Skaraborg;

(320m [Linnarsson, 1876, p. 15]) limestones of the Paradoxidesforchhammeri zone at Kinnekulle, Province of Skaraborg;

(320n [Linnarsson, 1876, p. 16]) limestones of the Paradoxides forchham/meri zone at Lovened, Djupadal, 19 miles (30.6

km.) south-southeast of Skara, Province of Skaraborg; (310m [Linnarsson, 1876, p. 16]) arenaceous shales of the Para-

doxides tessini zone on Oeland Island; (310o) limestone of the Paradoxides tessini zone at Borgholm, Oeland Island;

(310p) limestone of the Paradoxides celandicus zone at Borgholm, Oeland Island; (310y) limestone at Kiviks Esperod,

Province of Malmohus; and (310z) limestone at Brantevik, on the shore a little south of Simrishamn, Province of

Christianstad; all in Sweden.

(161i) Limestones of the Paradoxides forchhammeri zone at Borregaard; and (16j) limestones of the Paradoxides

forchhammeri zone at Laesaa; both on Bornholm Island, Denmark.
(324d) Windjuelandet, Ringsaker, Province of Hedemarken, Norway.

This species is somewhat doubtfully identified from the following localities

:

ITpper Cambrian: (6s) Just north of Fosters Point, Random Island, Random Sound, Newfoundland.

Middle Cambrian: (i) Shales of zone A of No. 7 of the Manuels Brook section [Walcott, 1891b, p. 261], Manuels
Brook, a small stream which flows into Conception Bay from the east, near Topsail Head, Newfoundland.

(2i) Sandstones of Division lb3 of Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook, St. John County,

New Brunswick.

LiNGULELLA cf. FERRUGINEA.

Plate XXX, figure 4.

lAngulella (?) sp. Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt, Bd. 45, Hft. 3, p. 509, PI. XIV, figs. 16a-b.

(Described in German; see below for translation. Figs. 16a-b are reproduced in this monograph, PL XXX,
fig. 4.)

The original description by Pompeckj is as follows:

There is on hand a ventral valve which, owing to its bad state of preservation, can not be assigned to the genus

lAngulella otherwise than doubtfully.

Outline elongated, pentagonal with corners rounded off. The length is somewhat more than double the breadth.

The vertex (beak?) is drawn far forward. The surface shows a concentric striation. In front of the vertex (beak?)

is seen a short median groove.

The form recalls Lingulella (?) sp. undt., which Linnarsson [1876, p. 15] described from Kinnekulle; but it is

more slender than the species made known from the Paradoxides slate of Sweden.

This little shell is probably the representative of Lingulella ferruginea Salter of the EngUsh
and Swedish Paradoxides fauna.

Formation and locality.—Middle Cambrian: (345 [Pompeckj, 1896b, p. 509]) Greenish shales in the

Paradoxides zone on the Dlouhd Hora, abov? the brook of Sbirov, near Skrej, Bohemia, Austria-Hungary.

Lingulella flumenis (Matthew).

Plate XXXV, figures 6, 6a-b.
,

Leptobolus JluTnenis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocka Cape Breton, pp. 189-190, PI.

XI, figs. 7ar-f. (Described and discussed as a new species; see p. 501 for copy. The specimens represented

by figs. 7a, 7b, and 7e are redrawn in this monograph, PL XXXV, figs. 6, 6a-b, respectively.)

a Davidson, 1871, p. 337.
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The original description by Matthew is as follows:

A narrowly ovate species, somewhat straight on the sides, and broadly rounded in front.

The ventral valve has an obtusely pointed beak, bent down at the apex. Sides of the valve somewhat sharply

sloped in the posterior half and gently eloped in front. Interior.—This shows an area nearly half a millimeter long,

and a visceral callus extending about half the length of the valve. The lateral ridges within the valve extend as far;

and in fi'ont of them, reaching to within a sixth of the length of the valve from the front, is a pair of arched vascular

grooves not far from the margin of the valve; numerous external branches from these trunk grooves extend to the

flattened margin of the valve. The individual length of these branches is about equal to the width of the main
gi'oove.

The dorsal valve is obtusely rounded at the hinge area, which is very short, and here and at the sides the valve

is strongly arched downward, but is gently sloped down in front. Interior.—In front of the linear cardinal area is a

pair of pits marking the insertion of the cardinal muscles. The middle of the valve for more than half the valve's

length has a flattened band marking the progress of the central muscles during the growth of the shell. At the front

this band is about one-sixth or one-eighth of the width of the valve, and at its sides are faint prints of the central

muscles; and at the ft-ont are two pairs of minute pits, one or both of which marks the position of the anterior laterals.

The place of the posterior laterals is marked by a series of small pits near the .margins in the posterior third of the valve.

In fi-ont of these pits are the strong arched grooves left by the vascular trunks, which extend across the middle half

of the valve near its margins.

No examples have been obtained showing the surface markings, except those near the front of the valve; but
both valves show fi-om four to six ridges of gi-owth in the anterior quarter of the valve. These ridges are broadly

curved in the middle part, but more abruptly at the sides.

Ventral valve 4 mm. long and 2.5 mm. wide. The dorsal valve is nearly one-half millimeter shorter than the

ventral.

This species is of nearly the same size as L. insulse, but is less elliptical in outline, and the valves are more flat-

tened in front; the area of the ventral valve also is longer, and that of the dorsal shorter than in that species; also the

central group of muscles is not set so far forward as in that of the dorsal of the species cited.

This species differs fi'om L. atavus of the Etcheminian teiTane in having the central muscles of both valves set

farther back.

The exact horizon of this species is uncertain, as the outcrop is in an isolated basin [Mat-

thew, 1903, p. 51]. Matthew correlated it with his section on the lithologie character of the

matrix. The form is very much like that of Lingulella collicia (Matthew), and it appears to

be identical with small shells of the latter species.

Formation and locality.—Middle Cambrian: (325a [Matthew, 1903, p. 190]) Shales of Division C2c of Mat-
thew's [1903, p. 49] Bretonian on the eastern slope of the valley of McNeil Brook, on the road to Trout Brook, in the

Mira River valley, eastern Cape Breton, Nova Scotia.

Lingulella franklinensis (Walcott).

Plate XXVI, figures 3, 3a-b.

Obelus (Lingulella) franklinensis Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 404-405. (Described and dis-

cussed essentially as below as a new species.)

Shell small, ovate, moderately convex, with the apex of the dorsal valve subacuminate.
Surface of the shell marked by rather strong lines and striae of growth, with very fine, slightly

irregular, wavy strise between the coarser concentric striae. Two ventral valves referred to

this species have a length of 3 and 3.5 mm., respectively, with a width of about 2.75 mm.
There are no dorsal valves in the collection. A partial cast of the interior of the shell carries

an impression of radiating strise, a strong cast of a narrow pedicle furrow, and a few concentric

hnes of growth. If the shell represented by Plate XXVI, figure 3b, belongs to this species,

the interior surface was also marked by scattered bits of punctse.

Ohservations.—This species is founded on three specimens of the ventral valve that occur
in the hmestones interbedded in dark shales above the Lower Cambrian Olenellus-hesiT'mg

shales. A larger shell (PI. XXVI, fig. 3b) has the same surface characters and occurs at the
same relative geological horizon, and it may belong to this species; the only specimen of it

in the collection is apparently a dorsal valve. The exact stratigraphic horizon has not been
determined, but from the associated species of Agnostus and PtycJioparia it appears that the
reference should be to the Middle Cambrian.
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The material for study is so limited that it is difficult to make comparisons with other

species. In form the ventral valve resembles that of Lingulella lineolata (Walcott) (PL XLVIII),

L. tarpa (Walcott) (PL XXIII), and in some respects L. granvillensis Walcott (PL XXII), with

which it would be more naturally compared owing to its belonging to the Appalachian fauna.

The specific name is derived from Frankhn County, Vermont, in which the species occurs.

Formation and locality.—Uiddle Cambrian: (28a) "St. Albans formation, " in limestone lentil about 1 mile

(1.6 km.) east of Parker 's quarry, west of Georgia; (319v) sandy shale, 2 miles (3.2 km.) east of Higbgate Springs; and

(87) conglomerate limestone 1 mile {1.6 km.) south-southwest of Highgate Falls; all in Franklin County, Vermont.

/ Lingulella fuchsi Redlich.

Plate XXXIX, figures 2, 2a-c, 3.

Lingulella fuchsi Eedlich, 1899, Mem. Geol. Survey India, Paleontologia Indica, new ser., vol. 1, No. 1, Cambrian

Fauna of the Eastern Salt Range, p. 7, PL I, figs. lOa-e. (Described and discussed as a new species. ' Fig. 10c

is reproduced in this monograph, PI. XXXIX, fig. 3.)

Oholus {Lingulella) fuchsi (Redlich), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 332. (Discussed somewhat as

below.)

In the collection of fossils received from Doctor Noetling I find, associated with Lingulella

wanniecki Eedlich, a small elongate form that appears to be identical m.th.L. fuchsi of Redlich.

Redhch states [1899, p. 10] that his L. fuchsi occurs in a hard clay above the lower magnesian

sandstones which rest on the shales containing L. wanniecki. If my identification of the species

is correct, L. wanniecki has a greater vertical range, or there may have been some error in the

identification and labeling of the zone from which the original specimens were obtained. The
identification of the species in the material before me is based on the form of the ventral valve, as

shown by Redlich's figure 10c [1899, PL I] and my figure 2 (PL XXXIX). The dorsal valves

represented by Plate XXXIX, figures 2a-c, differ materially from Redlich's illustration; but in

the specimen represented by figure 2d the httle pit mentioned by Redhch [1899, p. 7] is shown,

also two ridges that leave a concave furrow in the central portion of the cast of the valve.

These are the fines of the main vascular sinuses.

Formation and localitt.—Middle Cambrian: (15r)« Dark argillaceous shale, at Khussak, Salt Range, India.

Lingulella grandis (Matthew).

Plate XXXVIII, figures 2, 2a-f.

Leptobolu^ grandis Matthew, 1894, Trans. Roy. Soc. Canada for 1894, 1st ser., vol. 11, sec. 4, No. 8, pp. 91-92, PL
XVI, figs. 7a-c. (Described and discussed as a new species. The specimens represented by figs. 7a and 7b are

redrawn ia this monograph, PL XXXVIII, figs. 2b and 2f, respectively)

Lingulella ? cuneata Matthew, 1894, idem, pp. 92-93, PL XVI, figs. 5a-b. (Described and discussed as a new species.

Matthew's types of Lingulella cuneata are figured in this monograph, PL XXXVIII, figs. 2, 2a, 2c, and 2d, but

it is impossible to tell which of these Matthew figured, PL XVI, figs. 5a-b.)

Lingula cf. billingsiana Whiteaves, Matthew, 1894, idem, p. 93, PL XVI, figs. 6a-b. (Described and discussed.)

Lingulella ? billingsana Schuchert (in part) [not (Whiteaves)], 1897, Bull. U. S. Geol. Survey No. 87, p. 256. (Merely

changes generic reference of Matthew's species Lingula cf . billingsiana cited above.)

Not Leptobolus cf. grandis Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 111.

(Characterized. This species is given by Matthew as occurring -on Mount Stephen, British Columbia. For the

species occurring at this locality see pp. 127-128.)

General form subcuneate, with the ventral valve acuminate and the dorsal valve elongate-

ovate; valves more than usually convex for a species of the genus. Surface of shell matked by

concentric striae and strong lines of growth, and, where the outer surface is perfect, by almost

microscopic, irregular, senii-inosculating, elevated striae, that under a high power give the surface

an appearance somewhat similar to that of Lingulella {Lingulepis) roherti (Matthew) and

Oholus ( Westonid) ella (Hall and Whitfield) (PL XLVII). In almost every instance this surface

adheres to the matrix, leaving the glossj^ inner surface described by Matthew [1894, p. 92]; the

inner layers or lamellse are marked by numerous fine radiating striae and concentric growth lines;

o Specimens from the type locality were given to the United States National Museum and this number was assigned to them.
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a few large punctse were seen on the interior of one ventral valve. The shell is unusually thick

for its size. It has a thin outer layer and several inner layers or lamellae that are arranged very

much as in Lingulella acutangula (Roemer) (PI. XVII).

A relatively large ventral valve has a length of 7 mm. and a width of about 5.5 mm.
The cast of the area of the ventral valve shows a long area divided midway by a narrow

pedicle groove, and toward the lateral margins by a very narrow flexure line. The area of the

dorsal valve is shorter in proportion than that of the ventral valve, and also less extended on
the cardinal slopes. The cast of the visceral cavity (v), including the outline of the heart-shaped

cavity (x), is very well shown by Plate XXXVIII, figures 2a and 2b. There are no traces of a

median septum in the ventral valve, but in the dorsal valve it is a very narrow sharp crest on
the summit of the broad, strong, median ridge that extends from the area fully three-fourths of

the distance to the front margin; the septum appears to be confined to the anterior half of the

length of the ridge.

The muscle scars are not clearly defined in either valve. The trapezoidal areas of the

ventral valve, where the central scars and the middle and outside laterals are usually located,

are present, but the individual scars can not be differentiated. In the dorsal valve the central

scars appear to be unusually large; they are situated on each side of the broad median ridge, and
crowd the parietal scar out to the main vascular sinus ; the anterior laterals are situated on each

side of the median septum, as shown in Plate XXXVIII, figure 2d, but they are not well defined.

The main vascular sinuses of the veritral valve extend far forward and curve inward so

that they appear nearly to unite a short distance back of the anterior margin of the shell ; their

interior lateral branches appear to touch, and thus give the appearance of uniting the two main
sinuses ; the lateral branches extend outward from the main sinus nearly to the edge of the shell,

while the interior lateral branches are crowded into the space between the main vascular sinuses

and the visceral area. The main vascular sinuses of the dorsal valve extend well forward and
curve inward toward the median line; their interior lateral branches fill the narrow space between
the vascular cavity and the main sinuses; no traces have been observed of the peripheral

branches of the vascular system of the dorsal valve. The parietal scar is shown more clearly

for the dorsal than for the ventral valve. In the former it extends about the space occupied by
the central scars, but it has not been traced outside of the main sinuses or in front of the

anterior lateral muscle scars.

Observations.—I was greatly puzzled when studying Matthew's figures [1894, PI. XVI] of

"Leptoiolus grandis, Lingulella ? cuneata, and Lingula cf. hillingsiana." It seemed, after

extended study of the character and variation of the interior markings of Obolus and Lingulella,

that the three species should be referred to Lingulella and perhaps to one species. Doctor
Matthew very kindly sent me his material, including the type specimens of this species. At
first I was inclined to consider "Leptoholus grandis" as distinct from Lingulella, but on close

study it became more and more evident that the differences were such that a generic distinction

could not be based upon them. The anterior extension of the main vascular sinuses varies

both in form and degree with different species of Lingulella. This may be seen by comparing
Lingulella ampla (Owen), Lingulella acutangula (Roemer), etc. The position and size of the

visceral area and muscle scars of the dorsal valve are also subject to great variation, as may be

seen by comparing Lingulella acutangula, and L. ampla.

AH of the material of Matthew's "Leptoholus grandis, Lingulella ? cuneata, and Lingula cf.

hiUingsiana" is from one locality and bed. It comprises a large number of shells on some
twenty-seven pieces of rock. I found that there was more or less distortion of the shells by
both vertical and lateral compression. Where the interior markings are well preserved the

shells can be at once referred to Lingulella grandis. It is only in shells that are distorted or a

little larger, or where the interior is imperfectly shown, that any doubt arises, and even in this

case no undoubted dorsal valve was found that could be referred to any other species than
L. grandis.

The illustrations of "Lingulella f cuneata" [figs. 5a and 5b] and "Lingula cf. hillingsiana"

[figs. 6a and 6b] by Matthew [1894, PI. XVII are all of ventral valves, and the figures of "Leptololus
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grandis" [figs. 7a and 7b] are so diagrammatic that it is impossible to make comparisons between

them and the drawings of the same specimens which accompany this monograph.

Formation and locality.—Lower Ordovician : (301s) Gray sandstones of Division 3e(?) of Matthew [1894, p. 91] at

McAphee's corner, Hardingville, St. John County, New Brunswick.

LiNGULELLA GRANVILLENSIS Walcott.

Plate XXII, figures 1, la-d.

lAngulella granvillensis Walcott, 1887, Am. Jour. Sci., 3d ser., vol. 34, pp. 188-189, PL I, figs. 15, 15a-c. (Described

and discussed as a new species. The specimens represented by figs. 15, 15a, and 15b are redrawn in this mono-

graph, PL XXII, figs. Ic, Id, and 1, respectively.)

Lingulella granviUensisW&lcott, Obhlert, 1889, Annuaire geologique universel for 1888, tome 5, p. 1138. (Described in

French in a review of the preceding reference.)

Lingulella granvillensis Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, pp. 607-608, PL LXVII, figs. 4, 4a-d.

(Description and figs. 4, 4a-c, copied from Walcott, 1887, p. 188, PL I, figs. 15, 15a-c.)

lAngulella granvillensis Walcott, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 58.

(Discussed.)

General form rather broadly ovate, with the ventral valve obtusely acuminate and the

dorsal valve obtusely oval. Valves moderately convex, the dorsal being somewhat more so

than the ventral. Surface of shell marked by concentric lines of growth, with very fine, slightly

undulating striae between them, and a few very indistinct radiating stride. The character of

the surface of the inner layers and of the interior of the shell is unknown. The shell appears

to have been rather thin and formed of a thin outer layer and one or more inner layers or

A rather large ventral valve has a length of 6 mm. and a width of 4. 5,mm., and an asso-

ciated dorsal valve 5 mm. in length has a width of 3.5 mm. The interior of a small ventral

valve shows the visceral area and the two main vascular sinuses; on a cast of the dorsal valve

the main vascular sinuses are shown, also a fine irregular network of interior branches of the

main sinuses and a few peripheral branches of the vascular system. These are shown by
Plate XXII, figure Id. A broad, low ridge, represented on the cast by a shallow depression,

extends forward in front of the area two-thirds the distance toward the frontal margin. It

is marked on the median fine near the center of the shell by a sharp, narrow median septum,

and fines indicating the path of advance of the central and anterior lateral muscle scars. The
scars are not clearly defined, but appear to be situated as indicated on figure Id. In front

of the anterior lateral muscle scars there is a peculiar rhomboidal area that is not so well defined

in any other species.

Olservations.—This is one of the small species that in size and general form resembles

Lingulella ferruginea Salter of the Middle Cambrian of the Atlantic basin; also L. manticula

(Wlfite) of the Upper Cambrian and Lower Ordovician of the Rocky Mountain region; it

differs from the former in its broader anterior outline and from the latter in its more acuminate

form and shorter area.

Tins form owes its specific name to the occurrence of the type specimen near Granville,

New York.

Formation and LOCALrry,—Lower Cambrian: (20a) Gray limestone, interbedded with shaly slates, in a lane

west of Lafayette Stevens's house, about 100 yards (91.4 m.) from the main road, in the southern part of 'WTiitehall

Township, Fort Ann quadrangle (U. S. Geol. Survey); (21a) limestone below the first fall of Mettawee River,

above the North Granville bridge. Fort Ann quadrangle (U. S. Geol. Survey); (37b) limestones 0.25 mile (0.4

km.) east of Salem, Cambridge quadrangle (U. S. Geol. Survey); (38a) limestone 2 miles (3.2 km.) south of North

Granville, on the first road vihich turns south from the road running between that village and Truthville, 4 miles {6.4 im.)

west-northwest of Granville, Fort Ann quadrangle (U. S. Geol. Survey); (34) limestone on roadside a little west

of the bridge over Poultney River, at Low Hampton, about 5 miles (8 km.) east-northeast of Whitehall, \\Tiitehall

quadrangle (U. S. Geol. Survey); (338m) limestone on the roadside north of schoolhouse No. 4, in the northeast

part of Whitehall, Whitehall quadrangle (U. S. Geol. Survey); (35) limestone 1.5 miles (2.4 km.) north of Bald

Mountain, and 3.5 miles (5.6 km.) north-northwest of Greenwich, Schuylerville quadrangle (U. S. Geol. Survey);

(38) limestone 0.25 mile (0.4 km.) north of John Hulett's farmhouse about 3 miles (4.8 km.) west of South Granville,

and 4.5 miles (7.2 km.) southwest of Granville, Fort Ann quadrangle (U. S. Geol. Survey); and (3381) limestone in
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the northern part of Easton Station, 3 miles (4.8 km.) south of Greenwich, Cambridge quadrangle (U. S. Geol. Survey);

all in Washington County, New York.

(29) Limestone just above the bridge at the Stockport paper mill, on Kinderhook Creek; and (Ob) limestone

near North Chatham in the northern part of the Kinderhook quadrangle (IT. S. Geol. Survey); both in Columbia

County, New York.

(25a) Limestone on the Hall (Donaldson's) farm, 2 miles (3.2 km.) east of Swanton, Franklin County, Vermont.

LiNGULELLA HAYESI (Walcott).

Plate XXV, figures 1, la-j.

Obolus {Lingulella) hayesi Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 405-406. (Described and discussed

as a new species, essentially as below.)

Shell small; general form broad ovate, with the ventral valve obtusely acuminate and the

dorsal valve rounded ovate; valves moderately convex. Outer surface as seen in casts marked
by fine, concentric lines and striae of growth; the inner surface had fine, radiating striae and
scattered pits or punctje. The shell appears from the casts to have been of medium tliickness

and built up of several layers or lamellae.

The average length of the ventral valve is about 3.5 mm.; width about 3 mm. The dorsal

valves are a little shorter than the ventral valves, the length and width being about the same,

although some of the shells are a little wider than long.

The casts of the interior of the ventral valve show a clearly defined, strong area, divided

midway by the cast of a narrow pedicle groove, and again by sharp flexure lines situated a

little nearer the pedicle groove than to the lateral margins. The striae of growth cross the

area parallel with its base, arcliing over the cast of the pedicle furrow. The area formed a

thin shelf between the pedicle groove and the lateral margins, the undercut extending back
under the area as shown in the cast by a thin projection of the embedding rock over the area.

The area of the dorsal valve is of medium length and marked by striae of growth and rather

clearly defined flexure lines.

The cast of a ventral valve shows the visceral cavity and rather strong and long main
vascular sinuses. In the dorsal valve the main vascular sinuses are frequently outlined very

beautifully on the siliceous casts; the visceral area surrounded by the parietal band is clearly

defined, aJso the central and anterior lateral muscle scars, and in one cast the transmedian

muscle scars.

Observations.—This very pretty species occurs quite abundantly on the siliceous nodules

embedded in the Conasauga ("Coosa") shale. It resembles in form Oholus lamhorni (Meek)

and Oholus mllisi (Walcott), but is a much smaller species. The elongate visceral cavity of

the dorsal valve is also of the same type as that of those species. The thickening in front

of the visceral cavity (PI. XXV, fig. lb) is similar to that which occurs in Obolus matinalis

(Hall) (PI. V, fig. Id). In this character and in its broadly ovate form it comes very close

to the forms which are referred to Obolus.

The specific name was given in honor of Dr. C. W. Hayes, at that time chief geologist of the

United States Geological Survey.

Formation and locality.—Middle Cambrian : (90x and 94a) <^ In and attached to the outer surface of siliceous

nodules in the Conasauga ("Coosa") shale, Coosa Valley, east of Center, Cherokee County, Alabama.

Lingulella heberti Barrois.

Plate XXXIX, figures 11, lla-c.

Lingulella heberti Barrois, 1882, Mem. Soc. geol. du Nord, vol. 2, pp. 185-186, PI. IV, iigs. 3a-d. (Described and
discussed in French as a new species; see below for translation. Figs. 3a-d are reproduced in this monograph,

PL XXXIX, figs. 11, lla-c, respectively.)

The original description by Barrois follows:

Shell corneous, regular, elongated, slightly convex, scarcely inequivalve. Enlarged in the pallial region where
the outline is rounded; pointed at the beaks; longer than wide. Marked with well-developed concentric lines of

a 90x is Ihe type locality.
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growth, some of whicli are stronger than others. The shell is covered with small fine tubercles, in lines, like certain

species of Kingena from the Cretaceous, and produced by the fine, oblique, granular striae. (PI. XXXIX, fig. lie.)''

The internal molds (PI. XXXIX, fig. llb)o show clearly that the beaks were provided with a strong pedicle

furrow much like that of Lingulella davisi, to which these shells have considerable resemblance. The median septum

is well marked, likewise the depressions corresponding to the point of attachpient of the muscles of the pedicle (PI.

XXXIX, fig. lib)," and also the transmedian muscles.

Observations: The Lingulella heberti is clearly related to lAngula attenuata Sowerby from the Llandeilo flags.

It is distinguished by the ornamentation of the shell, which recalls that of Lingulella granulata (Phillips). It should

also be compared with the form figured by Linnarsson [1876, PI. Ill, figs. 24^30] under the name of Lingulella ?

nathorsti, from the Paradoxides forchhammeri beds of Sweden. The latter is perhaps a little longer, but has a very

great resemblance to our shell. Mr. Davidson, who has kindly communicated to me the results of his examination of

this small shell, so abundant at the base of the Silurian sandstones of Cape Vidio, agrees with us in referring it to the

genus Lingulella; he believes that despite its resemblance to Lingulella davisi and L. granulata, it would probably

rank as a new species. It is dedicated to M. Hebert, to whom we owe so many discoveries in Pyrenean geology.

Dimensions: Length, 8 to 10 mm.; breadth, 7 to 9 mm.

Formation and locality.—Ordovician: (350a) Sandstones of the stage of Cabo Busto, in the cliffs of Cape Vidio,

Province of Oviedo; and (350b) sandstones of the stage of Cabo Busto, at Los Negros; both [Barrels, 1882, p. 186] in

northeastern Spain.

Lingulella Helena (Walcott).

Plate XXIV, figures 3, 3a-d.

Obolus (Lingulella) helena Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 406. (Described and discussed essen-

tially as below as a new species.)

General form ovate, with the ventral valve obtusely acuminate, and the dorsal valve rounded

ovate. Valves moderately convex, as far as can be determined from their condition of preser-

vation in the shales. Surface of shell marked by rather strong lines of growth, and very fine

irregular, radiating, concentric strise that appear to inosculate, the surface having something

of the appearance of Obolus (Westonia) ella (Hall and Whitfield). The character of the sur-

face marldngs of the inner layers and the interior of the shell is unknown. So far as can be

determined the shell is rather thin, and formed of a thin outer layer and one or more thin

inner layers or lamellae. A ventral valve 8 mm. in length has a width of 6 mm.; another 7.5

mm. in length has a width of 6 mmi. An associated dorsal valve 7 mm. in length has a width

of 5 mm. These variations in outline are to a considerable extent due to distortion.

As shown in the cast of the interior of the shell, the area of the ventral valve is rather

long, and marked midway by a strongly defined cast of a pedicle groove, and midway between

that and the outer margin by a very distinct flexure line. The area of the dorsal valve is

rather long and quite distinctly marked on a cast of the interior. The cast of the interior of

the ventral valve shows a strong main vascular sinus (vs) on each side of the visceral area,

and in a cast of the dorsal valve a slight median septum is indicated, also traces of the main

vascular sinuses. The only traces of the muscle scars observed are the anterior laterals (j)

and a suggestion of the central scars in the dorsal valve.

Observations.—Tliis species is associated with Obolus ( Westonia) ella (HaU and Whitfield)

in the siliceous shales near Helena, Montana, and what may be a similar form (PL XXIV, fig.

3d) occurs with the same species in Big Cottonwood Canyon, Utah, although the latter is quite

closely related to Obolus mcconnelli (Walcott). In form and surface characters it belongs to

the group of which Obolus {Westonia) ella may be taken as a type. It differs from 0. (W.)

ella in being narrower anteriorly and in its more acute beak.

The specific name is derived from Helena, Montana, near which the type specimen was

collected.

Formation and locality.^Middle Cambrian: (30a) Shale on the north side of Big Cottonwood Canyon, 1 mile

(1.6 km.) below Argenta, Wasatch Range, southeast of Salt Lake City, Salt Lake County, Utah.

(54s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic sandstones,

north side of Twomile Canyon, near its mouth, 2 miles (3.2 km,) southeast of Malade, Oneida County, Idaho.

(4n) Limestone about 325 feet (99.1 m.) above the unconformable base of the Cambrian in divide at the head

of Jackson Creek (locally known as Sheep Creek), a creek flowing into Jackson Lake about 0.5 mile (0.8 km.) south

of its northwestern corner, Teton Mountains, Grand Teton quadrangle (U. S. Geol. Survey), Uinta County, Wyoming.

" Barrois's figures are copied in tUs monograph, and these references are to the figures which correspond with those mentioned by him.
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v302s) Dark siliceo- s shale in a quarry in Last Chance Gulch, south slope of Mount Helena, 1.5 miles (2.4 km.) south

of Helena; and (4u) shales in the Gallatin formation of Peale [1893, PI. IV], northwest side of canyon, 0.5 mile

(0.8 km.) south of Helena; both in Lewis and Clark County, Montana.

/ LiNGULELLA ? HUMiLLiMA (Barpande

Plate XXX, figure 12.

Idngula humillima Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, p. 101, fig. 70. (Character-

ized in French as a new species. Fig. 70 is reproduced in this monograph, PI. XXX, fig. 12.)

Idngula humillima Barrande, 1868, Neues Jahrb. fiir Mineralogie for 1868, p. 691, unnumbered plate, fig. 70.

(Copy of preceding reference.)

Tills species was described from a single small, oval, compressed shell. The author states

that its appearance does not permit its identification with any other described species. The

shell has a length of 5 mm.; width, 3.5 mm.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

X86Sa, p. 101]) Suburbs of Hof; and (303f [Pompeckj, 1896a, pp. 7 and 8]) railway cut near Schellenberg, a little dis-

tance back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.

LiNGULELLA INO (Walcott).

Plate XXVI, figures 4, 4a-b.

Obolus (Lingulella) ino Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 406^07. (Described and discussed essen-

tially as below as a new species.)

Shell a little smaller than the average of the species of the genus. General form ovate,

with the ventral valve subacuminate and the dorsal valve ovate in outline. There is some

range of variation in the outhne of the valves, but as a whole they do not vary more than the

difference shown in the ventral valve by Plate XXVI, figures 4, 4a. The convexity of the

valves is fairly strong, as the shells are preserved in the somewhat shaly sandstones. Ventral

valves 7 mm. in length have a width of from 5.5 to 6 mm.; a dorsal valve 5 mm. in width has

a length of 5.25 mm.
As far as may be determined from the casts, the outer surface is marked by concentric

lines and striae of growth, and the inner surface by radiating striae and concentric fines of

growth and scattered pits or punctse. The sheU appears to have been rather thick, and built

up of a thin outer layer and numerous lamellae that over the anterior two-thirds of the shell

were obfique to the outer layer; the edges of the lameUae show very plainly when the outer

layer is removed.

The area of the ventral valve as shown by casts of the interior is of medium length, divided

midway by a narrow elevated cast of the pedicle furrow, and again by a narrow flexure line

about halfway between the pedicle groove and the lateral margin; striae of growth cross it

paraUel with the base. The area of the dorsal valve is relatively long, with the flexure lines

clearly defmed. The interior markings shown in the cast of the ventral valve are the main
vascular sinuses and the outfine of the visceral area; in the dorsal valve only traces of the

visceral area and main vascular sinuses have been observed.

Observations.—This species appears to be more nearly related to LingvMla tarpa (Walcott)

than to any other of the Middle Cambrian forms. It is a smaUer shell than L. tarpa, and less

acuminate. It has the outfine of some of the species of the Atlantic basin fauna such as

Lingulella radula Matthew (PL XLV), but it does not appear to be specificaUy identical

with any of them.

Formation and locality.—Middle Cambrian: (13) Sandstones of the Rome formation, 1.5 miles (2.4 km.) east

of Post Oak Springs [Hayes, 1894, areal geology sheet], Roane County; (13b) sandstones of the Rome formation, north-

east of Rhea Springs [Hayes, 1S94, areal geology sheet], Rhea County; and (11) sandstones and shales of the Rome
formation, about 1 mile (1.6 km.) east of Post Oak Springs [Hayes, 1894, areal geology sheet], Roane County; all in

Tennessee.

(13c) Sandstones of the Rome formation, west side of the sandstone ridge about 2.5 miles (4 km.) southwest of

Rome [Hayes, 1902, historical geology sheet], Floyd County, Georgia.
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LiNGULELLA? INSONS (Bairande).

Plate XXXII, figures 2, 2a-e.

Lingula insons Barrande, 1879, SystSme silurien du centre de la Boheme, vol. 5, PL CV, figs, x: 1-6. (Not described,

but figured as a new species. PI. CV, figs, x: 4A, 3A, 5A, 6A, 6E, and If are copied in this monograph, PI.

XXXII, figs. 2, 2a-e, respectively.)

This is one of the forms that, ia the character of the area of the ventral valve, suggests

both Lingulella and Lingula. It is iatroduced more to call the attention of students to the

type than as a representative of the genus Lingulella. It is possible that it niay belong to the

subgenus Leptemholon of Mickwitz.

Formation and locality.—Lower Ordovician: (303d) Etage dl, at Swarow; and (303e) Etage dl at Sta. Benigna;

both [Barrande, 1879b, PI. CV] in Bohemia, Austria-Hungary.

Lingulella iole (Billings).

'^'
Plate XXVII, figures 5, 5a.

Lingula iole Billings, 1865, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 215, figs. 199a-e. (Described as a new-

species. The two specimens represented by figs. 199a-e are redrawn in this monograph, PI. XXVII, figs. 5

and 5a.)

The type specimens of this species sent to me by Prof. J. F. Wlriteaves included single speci-

mens of the ventral and dorsal valves showing only the outer surface, and, where that is exfo-

liated, the surface of the inner layers or lamellae.. The surface is marked by very fine concentric

striffi and lines of growth and very fine, obscure, radiatmg strise upon the outer surface which

are slightly more marked on the inner layers. The edges of the lamellae indicate that the shell

was of moderate tliickness, less so than that of Oholus cyane (Billings). The ventral valve has a

length of 7.5 mm.; width, 5 mm.; the dorsal valve is 6 mm. in length and 4.5 mm. in width.

This species is associated with Oholus cyane and belongs to the same group of species, so far

as can be judged from the external form and appearance of the shell.

The stratigraphic horizon appears to correspond with the upper portion of the Cliazy and

base of the Trenton, of the New York section.

Formation and locality.—Lower Ordovician: (314d) Limestone ot Division P [Billings, 1865a, p. 215] of the

"Quebec group," 4 miles (6.4 km.) northeast of Portland Creek, Newfoundland.

Lingulella irene (Billmgs).

Plate XXVII, figures 6, 6a.

Lingula irene Billings, 1862, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 71-72, figs. 64a-b. (Described as a

new species. The specimens represented by figs. 64a-b are redrawn in this monograph, PL XXVII, figs. 6a

and 6, respectively.)

Lingula irene Billings, 1863, Geol. Survey Canada, Fifteenth Kept. Progress, p. 230, figs. 240a-b. (No text reference.

Figures copied from previous reference.)

Lingulella irene (Billings), Schuchbrt, 1897, Bull. U. S. Geol. Sm'vey No. 87, p. 257. (Merely changes generic

reference.)

General form subovate; broadly rounded in front with the ventral valve subacumtnate

and the dorsal valve rounded at the beak. Surface of shell marked by concentric lines and

striae of growth and fine radiating strise. The specimens are almost flattened in the shale and

the substance of the shell has been very largely removed, so that it is impossible to determine

the marldngs upon the surface, the layers of which it may have been formed, or its thickness. A
thickened rim on the ventral valve indicates that the shell was strong and probably built up as

in other species of Lingulella. The type specimen, the ventral valve, as compressed in the

shale, has a length of 16.5 mm., with a maximum width of 13.25 mm. The dorsal valve is 15.5

mm. in length and 14 mm. in width.

The area of the ventral valve is strongly marked and relatively long. It is divided midway

by a clearly defined pedicle furrow and toward the lateral margins by shai-p flexure lines. Fine
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striae of growth cross the area and the pedicle furiow parallel to its base. The area of the

dorsal valve is partly shown in the figured specimen. It is rather long and marked by numerous

fine transverse stride. The only interior markings preserved are traces of the main vascular

sinus in the ventral valve and a portion of the narrow ridge on each side of the central groove

of the vascular cavity.

Observations.—This is a large fine species that occurs in the siliceous slates at Point Levis.

Itmay be compared with the Lower Oi'dovician species, Ololus selwyni (Matthew) and Lingulella

(Lmgulepis) roherti (Matthew).

Billings [1862b, p. 72] states that a single valve, found in the "Calciferous sandrock"

at the eastern end of the island of Montreal, is rather strongly convex, especially on the

umbonal.

Formation and locality.—Lower Ordovician: (319a [Billings, 1862b, p. 72]) Levis shales, Point Levis, Quebec,

Canada

.

Lingulella iris (Billings).

1/ Plate XXVII, figm-e 2.

Idngula iris Billings, 186§, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 301, fig. 290. (Described as a new species,

see below for copy. The specimen represented by fig. 290 is redrawn in this monograph, PI. XXVII, fig. 2.)

The original description by Billings follows:

Shell small, subovate; sides parallel, or nearly so, in the lower two-thirds gently convex or somewhat straight; in

the upper one-thu-d converging to the beak with a convex slope; beak narrowly rounded; anterior angles rounded;

anterior margin, with a portion in the middle, somewhat straight. The only specimen collected is gently convex, a

somewhat flat space along the middle, and a flat or gently convex slope on each side to the margin in the upper two-

thirds. Surface with obscure radiating and concentric strite. Length, 4J lines; width, SJ lines.

The only specimen of this species in the collection of the Geological Survey of Canada is

the one described by Billings [lS65a, p. 301]. It is a dorsal valve with an outline somewhat like

that of Lingulella arguta (Walcott) [PI. XXIV, fig. 5a].

The character of the limestone matrix and the small fragments of trilobites embedded in

it indicate that the specimen was taken from one of the bowlders of Cambrian limestone embedded
in the Ordovician limestone No. 2 of the Point Levis section [Walcott, 1890a, p. 111].

Formation and locality.—Upper Cambrian: (3I9d [Billings, 1865a, p. 301]) Limestone bowlder in Lower Ordo-

vician conglomerate, Point Levis, Quebec, Canada.

.

^
Lingulella isse (Walcott)

.

Text figures 43A-F, page 510, and Plate XXXIX, figures 4, 4a-b.

Oboliis {Lingulella) isse Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 330. (Characterized as a new .species.)

This shell is rather strong and made up of several thin layers or lamellae. Its outer sur-

face is marked by concentric lines of growth, sometimes grouped in more or less elevated bands,

and over all there is a thin encrusting or scabrous layer that has a minutely granular, dull

surface, somewhat like that of Lingulella (Lingulepis) gregwa (Matthew), but very much finer

in its granulations or points. The inner layers of the shell are dark, shiny, and marked by
concentric lines of growth and radiating striae.

The longest ventral valve has a length of 16 mm. The proportions of length and breadth

of the valves are as follows

:

Dimensions, in millimeters, of valves of Lingulella isse (Walcott).

Length. Width.

[Elongate 16 9

Ventral valves ^Medium 10 7

[Short and broad 11 9

I

Elongate 6.5 4.5
Medium 5 4.5
Medium 11 8.5
Short and broad 10.5 9
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Observations.—The ventral valves of Lingulella isse have an outline very similar to that
of Lingulella pogoJiipensis (Walcott) and L. acutangula (Roemer) (PL XVII), but the dorsal
valves are more subquadrate in outline, and even the elongate form of the dorsal valve is more
obtusely rounded. The species has a considerable vertical distribution in the House Range
section. It is first met with 9.50 feet (289.6 m.) above the Middle Cambrian, and again at

the 1,150 (350.5 m.) and 1,400 foot (426.7 m.) horizons. Fragments of a closely allied species
occur near the summit of the Upper Cambrian, 2,800 feet (853.4 m.) above the Middle Cambrian,
and a single dorsal valve was collected from the Weeks limestone of the Middle Cambrian,
650 feet (198 m.) below the base of the Upper Cambrian. If these two somewhat doubtful,
but still closely allied, shells are identical the known vertical range of the species is 3,450 feet

(1,052 m.), a range that may be compared with that of Obolus mcconnelli (p. 397) and L. desid-

erata (p. 493).

The original description of the species [Walcott, 1905a, p. 330] referred it to theMiddle
Cambrian, but later collections from the House Range section shoAV this reference to have

been incorrect, as the associated

fauna occurs in the Orr formation

30 miles to the south.

Formation and locality.—Upper Cam-
brian: (15d)'' Thin-bedded blue limestone near

Cave Spring on the east side of the Fish Spring

Range, about 4 miles {6.4 km.) south of the

J. J. Thomas ranch; and (33d) thin-bedded

blue limestone from the same horizon as

locality No. 15d at the base of the first high

point southwest of the J. J. Thomas ranch,

on the east side of the Fish Spring Range;

both in Juab County, Utah.

(30j) 950 feet (289.6 m.) above the Mid-

dle Cambrian and 2,450 feet (74G.8 m.) below

the top of the Upper Cambrian, near the base

of the arenaceous shales and limestone form-

ing le of the Orr formation [Walcott, 1908f,

p. 176], on Orr Ridge, about 5 miles (8 km.)

south of Marjum Pass; (30k) 1, 150 feet (350.5

m.) above the Middle Cambrian and 2,175

feet (662.9 m.) below the top of the Upper
Cambrian, at the top of the arenaceous shales

and limestones forming le of the Orr forma-

tion [Walcott, 1908f, p. 176], on Orr Ridge,

about 5 miles (8 km.) south of Marjum Pass;

(30y) about 1,400 feet (426.7 m.) above the Middle Cambrian and 1,900 feet (579.1 m.) below the top of the Upper
Cambrian in the supposed metamorphosed equivalent of the shales forming lb of the Orr formation [Walcott, 1908f,

p. 176], above the granite contact on top of the ridge north of Notch Peak; (31ct) about 2,800 feet (853.4 m.) above the

Middle Cambrian and 500 feet (152.4 m.) below the top of the Upper Cambrian in the gray limestone forming la of

the Notch Peak limestone [Walcott, 1908f, p. 175], on the north slope of Notch Peak; all in the House Range [Walcott,

1908f, Pis. XIII and XIV], Millard County, Utah.

(34r and 34t) Limestone 1.5 miles (2.4 km.) northwest of Wahwah Springs, on the north side of the road at Cane
Pass, Wahwah Mountains, Beaver County; (32g) about 2,575 feet (784.9 m.) above the Cambrian quartzitic sand-

stones in a blue limestone about 2 miles (3.2 km.) southeast of Muskrat Spring, on the northwest face of Grantsville

Peak, Stansbury Range, Tooele County; and (30s) green shale about 1,200 feet (365.8 m.) above the Cambrian quartz-

itic sandstones on the pipe line above the limekiln in Ogden Canyon 1 mile (1.6 km.) above its mouth, east of Ogden,

Weber County; all in Utah.

(313) Limestone 0.75 mile (1.2 km.) east-northeast of McGill post office, White Pine County, Nevada.

(57d) About 3,215 feet (980 m.) above the Middle Cambrian and 375 feet (114.3 m.) below the top of the Upper
Cambrian in green shales near the summit of 2b of the Sherbrooke limestone [Walcott, 190Sf, p. 204], on ridge west

of Mount Bosworth, on the Continental Divide between Alberta and British Columbia, just north of the Canadian

Pacific Railway, Canada.

FiGUEE iZ.—Linouldla isse (Walcott). A, Ventral valve flattened and distorted in the

shale (U. S. Nat. Mus. Cat. No. 51809a). B, Dorsal valve flattened in the shale (U. S.

Nat. Mus. Cat. No. 51809b). C, C, Ventral valve (U. S. Nat. Mus. Cat. No. 5e998a).

D, D', Dorsal valve (U. S. Nat. Mus. Cat. No. 56998b). E, Dorsal valve (U. S. Nat.

Mus. Cat. No. 5099SC). F, Young shell tentatively referred to this species (U. S. Nat.

Mus. Cat. No. 5699Sd).

The specimens represented by figures 43A and 43B are from Locality 30k; those rep-

resented by figures 430, 43D, 43E, and 43F are from Locality 30j ; both in the Upper
Cambrian limestones of the Orr formation, House Range, Millard County, Utah.

t The species also occurs in Locality 341 (p. 196).
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Middle Cambrian: (30n) About 3,750 feet (1,143 km.) above the Lower Cambrian and 650 feet (198 m.) below

the Upper Cambrian in the shaly limestones forming Ic of the Weeks limestone [Walcott, 190Sf, p. 175], on the north

side of Weeks Canyon, about 4 miles (6.4 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII], Millard

County; and (Sly) thin-bedded limestone about 125 feet (38 m.) above the Cambrian quartzitic sandstones, in the

Wasatch Mountains, 1 mile (1.6 km.) northwest of Geneva, east of Brigham, Boxelder County; both in Utah.

(54s) Dark blue-gray Langston limestone [^'alcott, 1908f, p. 198], just above the Cambrian quartzitic sandstones,

north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, Idaho.

(57n)a About 3,000 feet (914.4 m.) above the Lower Cambrian and about 700 feet (213.4 m.) above the base of

a limestone correlated with No. 4 of the Eldon limestone on Mount Bosworth [Walcott, 190Sf, p. 209], on the north-

west slope of Mount Stephen, above Field on the Canadian Pacific Railway, British Columbia.

LiNGTjLELLA KiTJEENSis (Waagen).
'^

Plate XXX, figures 5, 5a, 6, 6a.

Lingula ? kiurensis Waagen, 1885, Mem. Geol. Sm'vey India, Paleontologia Indica, 13th ser., Salt Range Fossils, vol.

1, pt. 4, fas. 5, pp. 768-769, PL LXXXVI, figs. 8a-b. (Described and discussed as a new species, see below.

The specimen represented by figs. 8a-b is redrawn in this monograph, PL XXX, fig. 6.)

Lingula f warthi Waagen, 1885, idem, pp. 769-770, PL LXXXVI, figs. 9a-b. (Described and discussed as a new
species. The specimen represented by figs. 9a-b is redrawn in this monograph, PL XXX, fig. 5.)

Lingula ? kiurensis Waagen, 1891, idem, vol. 4, pt. 2, PL II, figs. 17a-b. (No text reference. Figures copied from

those representing L. ivarthi Waagen, 1885, PL LXXXVI, figs. 9a and 9b. Figures 17a-b are reproduced in this

monograph, PL XXX, fig. 5a.)

Lingula? «)artAt Waagen, 1891, idem, vol. 4, pt. 2, PL II, figs. 18a-b. (No text reference. Figures copied from

those representing L. kiurensis Waagen, 1885, PL LXXXVI, figs. 8a and 8b. Figs. 18a-b are reproduced in

this monograph, PL XXX, fig. 6a.)

Through the courtesy of the director of the Geological Survey of India, IVIr. T. H. Holland,

I have had the opportunity of studying the tyjje specimens of the two species described by
Waagen. Of Lingulella kiurensis, Waagen mentions [1885, p. 769] that he had a single speci-

men, which he considered to be a ventral valve. He also had but one specimen of the second
species, "Lingula? warthi," which he could not decide as either a ventral or dorsal valve. I

find that the two specimens are from the same locality and from the same bed of rock. Waagen
stated [1885, p. 770] that he long considered them as belonging to the same species, but owing
to the existence of a "reticulation" on the lateral parts of ' 'L. ? warthi" he decided to separate

the latter as a distinct species. In a reflected light I fuid traces of the "reticulation" on the

outer portions of L. kiurensis, and it is quite common in an arenaceous matrix to find shells

from which the finely reticulated outer surface has been abraded. My interpretation of the

two specimens is that they represent one species, and that Waagen's type of "Lingula? warthi"

is the ventral valve and the type of his "Lingula? Iciurensis" the dorsal valve. Carefully

made drawings have been prepared of the two type specimens, and beside them are repro-

duced the somewhat diagrammatic figures accompanying Waagen's description.

In 1891 Waagen refigured [1891, PI. II, figs. 17a-b] the specimen which he described in

1885 [1885, p. 769] as "Lingula warthi" and labeled it "Lingula? Iciurensis." Similarly, the

specimen which he described [1885, p. 768] as ' 'Lingula? Iciurensis" is [1891, PI. II, figs. 18a-b]

labeled "Lingula? warthi."

The original description by Waagen follows:

The general form of the shell is an elongate oval with the ventral valve slightly more acuminate than the dorsal;

original convexity unknown, as both specimens are flattened in the matrix and one is slightly crushed. Surface
marked by round striae of growth that vary in size, and a few narrow, irregular, rounded, radiating ribs on the sides.

Waagen [1885, p. 768] described this species under the impression that it was from the

Productus limestone of the Carboniferous. Subsequently, this view was modified on account
of the discovery of Cambrian fossils by Warth. The history of the discoveries and discussion

is very clearly presented by Noetling [1894, pp. 71-86] in an article on the "Cambrian forma-
tion of the Salt Range."

The first impression made by this shell when comparing it with other species of Lingulella

is that it is an Upper Cambrian type. Its broad oval outline is not unlike that of Lingulella

" The species is somewhat doubtfully identified from this locality.
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iella (Walcott), of Newfoundland, Lingulella davisi (McCoy), of Wales, L. mosia osceola

(Walcott), and Obolus (Westonia) stoneanus (Whitfield), of Wisconsin. No such forms are

known to me from the Lower Cambrian, and the broad shells from the Middle Cambrian are

usually more acuminate.

The specific name is deiived from Kiura, the type locality.

Formation and locality.—Middle Cambrian: (357 [Waagen, 1885, p. 769]) Limestones in the "Neobolus beds"
of the Khussak group; above the salt mines at Kiura (Khewra), Salt Kange, India.

Lingulella l^vis Matthew.

Plate XIX, figures 4, 4a-b.

Lingulella Ixvis Matthew, 1892, Trans. Roy. Sec. Canada for 1891, 1st ser., vol. 9, sec. 4, No.- 5, p. 39, PI. XII, figs.

4a a,nd 4b. (Described as a new species, see below for copy. The specimens represented by figs. 4a and

4b are redi-awn in this monograph, PI. XIX, figs. 4a and 4, respectively.)

The original description by Matthew follows:

A large oval-ovate species, with a very thin test, resembling a Lingula in its thin hinge line, and having a

pedicle groove.

The shell has a smooth, shining surface, but when observed with a lens very fine concentric and fainter radiating

lines are made visible.

Ventral valve, length, 15 mm.; width, 11 mm. Dorsal valve, length, 14 mm.; width, 11 mm. Another dorsal

valve is 17 mm. long and 15 mm. wide.

This is a very interesting species on account of the thinness of the shell and the unusual

outline of the dorsal ralve. It is unfortunate that the material for study does not show the

interior of the valves.

Formation and locality.—^Upper Cambrian: (301n) Shales of Division C3a of Matthew [1892, p. 39], on the right

shore below the "falls," St. John Harbor, St. John County, New Brunswick.

Lingulella LjEvis grandis Matthew.
1/

Plate XIX, figure 4c.

Lingulella Isevis grandis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 200-201,

PI. XV, figs. la-d. (Described and discussed as a new variety. The specimen represented by fig. Id is

redrawn in this monograph, PI. XIX, fig. 4c.)

Matthew considers this shell a variety of Lingulella Isevis. It is somewhat larger, but

a good series of specimens would probably unite the two forms. Matthew [1903, p. 201] gives

a very elaborate description of the interior of the valves. He sent me the type of the dorsal

valve, which is illustrated (fig. 4c). I could not discover many of the markings indicated in

his illustration, but the latter may be a composite drawing.

Formation and locality.—Upper Cambrian: (325b [Matthew, 1903, desc. of PI. XV]) Sandy shales of Division

CSa of Matthew, at Escasonie shore, East Bay, east of Bras d'Or Lake, in eastern Cape Breton, Nova Scotia.

(301t [Matthew, 1903, p. 201}) Sandy shales of Division CSa of Matthew, at Carlton shore, near the suspension

bridge, St. John, St. John County, New Brunswick.

Lingulella lens (Matthew).

'-''

Plate XXXIII, figures 1, la-d.

Lingula f lens Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, pp. 274-275, PI. V, figs. 3a-h,

(Described and discussed as a new species. The specimen represented by fig. 3a is redrawn in this monograph,

PI. XXXIII, fig. 1.)

Obolus (Lingulella) hellus Walcott (in part), 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 685-687. (Matthew's "Lingula

lens" is here described with, and refeiTed to, "Obolus (Lingulella) bellus.")

Obolus (Lingulella) lens (Matthew), Walcott, 1902, idem, vol. 25, pp. 606-607. (Described and discussed as a distinct

species.)

lAngulella Ixvis lens Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 201-203, PI. XV,
figs. 3a-h. (Matthew's original "Lingula 1 lens " is here described and discussed as a variety of lAngulella Ixvis.

The description is an essential copy of and the figures are copied from Matthew, 1901, pp. 2747-275, PI. V, figs.

3a-h.)

Lingulella lens Matthew, 1903, idem, pp. 205-206. (Discussed as not belonging under Westonia.)
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Not Obolus (Palxobolus) Zcws Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 144-146,

PL X, figs. la-f. (Referred in this monograpli to Obolus (Palxobolus) bretonensis lens.)

General form broadly ovate. The ventral valve is subacuminate and the dorsal valve very

broadly ovate to subsemicircular. The convexity of the valves is moderate, the ventral valve

being most prominent along the center, with the posterolateral slopes somewhat flattened

toward the margin.

Surface of the shell marked by fine, concentric strise and lines of growth, and the inner

surface by concentric lines and very fine radiating striae. The shell is thinner than most species

of the genus, resembhng in this respect Oholus f murrayi Billings, Lingulella Ixvis Matthew,

and L. hella (Walcott). It is formed of several layers or lamellae that are slightly obhque to

the outer layer. Matthew [1901, p. 274] speaks of minute pits on the outer surface. These

also appear on the inner layers. I have been unable to determine whether the tliin calcareous

crust mentioned by Matthew [190,1a, p. 274] is really the true outer layer or simply a thin calca-

reous deposit.

The largest specimen of a dorsal valve in the collection has a length of 15 mm., with a

width of 13 mm. The corresponding ventral valve was probably 1 or 2 milhmeters longer.

Observations.—In the material collected by Loper in 1901 there are some specimens that

show the form of the ventral and dorsal valve of tliis species. The shell is broader and rounder

than I supposed when studying the material Matthew sent me. It is quite distinct from Lin-

gulella hella (Walcott) and L. concinna Matthew, ^^ath which I placed it. The interior markings

are those of Lingulella, but it may be that more perfect material would prove it to belong to

one of the subgenera of Obolus.

Matthew [1903, p. 201] refers to this form as a variety of Lingulella Isevis. With the mate-

rial from Cape Breton and Newfoundland for comparison, I am not sufficiently sure to follow

him in this, as it appears to be specifically cdstinct from Isevis.

Further remarks on tliis species occur under Lingulella concinna (p. 487).

Formation and locality.—Upper Cambrian: (10r)'» Thin calcareous layers in the arenaceous shales of Division

C3a? of Matthew at McAdam shore. East Bay, east of Bras d'Or Lake, eastern Cape Breton, Nova Scotia.

Lingulella leos (Walcott).

Plate XXIV, iigures 2, 2a-c.

Obolus (Lingulella) leos Walcott, 1888, Proc. U. S. Nat. Mus., vol. 21, p. 407^08. (Described and discussed essen-

tially as below as a new species.)

Shell small; general form elongate ovate \vith tlae ventral valve subacuminate. The
valves are rather strongly convex in the narrow form of the species. Average length of a

ventral valve is 5 mm. ; the largest ventral valve has a length of 6 mm. ; the dorsal valve is

somewhat shorter. The width of the valve varies considerably in shells occun-ing in the

same hand specimens in the limestone. This is shown by Plate XXIV, figures 2 and 2a, for the

ventral valve, and 2b and 2c for the dorsal valve. The surface of the shell is marked by fine con-

centric lines and striae of growth, and very fine, interrupted, radiating striae ; casts of the inte-

rior of the shell show stronger radiating striae than the outer surface; also in many specimens

unusually large papillae that fill the pits or punctas of the inner surface. The number and

strength of the papillae vary in different casts. The shell appears to have been rather tliin,

and formed of a thin outer layer and one or more thin inner layers or lamellae.

Casts of the interior of the ventral valve show a well-defined area, divided midway by
the cast of a strong pedicle groove. The area of the dorsal valve is obscured by adhering

fragments. On casts of the ventral valve traces of the visceral cavity (v) and the main vascular

sinuses (vs) occur, and in the dorsal a narrow, long median sinus is clearly defined; also the

casts of the central and anterior lateral muscle scars (PI. XXIV, figs. 2b and 2c).

olOr is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected later than the type specimens.

62667°—VOL 51, pt 1—12 33
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Observations.—This neat little species iii some respects resembles Lingulella similis (Walcott).

It differs, as may be seen by comparing Plate XXIV, figures 2, 2a-c, with Plate XXI, figures 2,

2a-c, in being more elongate, the interior more strongly punctate, and in the more anterior

position of the central muscle scars in the dorsal valve.

Formation and locality.—Upper Cambrian: (96) Limestones near the ford on the Cedartown road, 1.5 miles

(2.4 km.) south of Rome, Floyd County, Georgia.

Lingulella lepis (Salter).

Plate XXXI, figm-es 4, 4a-f.

Lingula lepis Salter, 1859, Siluria, by Mm-chison, 3d ed., p. 543.

Lingulella lepis Salter, 1866, Mem. Geol. Siu-vey Great Britain, vol. 3, p. 334, fig. 11. (Described and discussed as

a new species.)

Lingula ? lepis Salter, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, p. 54, PL III, figs. 53-59.

(Described and discussed. Figs. 53-56 ai'e reversed views of Salter, 1866b, p. 334. fig. 11.)

Lingula (Lingulella) lepis (Salter), Davidson, 1866, idem, description of Plate III. (Merely changes generic reference.)

Lingulella lepis (Salter), Davidson, 1868, Geol. Mag., vol. 5, pp. 307-308, PL XV, figs. 10-12. (Discussed. Figs.

10 and 10a are copied (reversed) from the upper two of Salter's figures, 1866, p. 334, fig. 11.)

Lingulella lepis (Salter), Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, PL XLIX, figs. 31 and 31a.

(Figs. 31 and 31a are reproduced in this monograph, PL XXXI, figs. 4a and 4, respectively.)

Lingulella lepis (Salter), Salter and Etheridge, 1881, Mem. Geol. Survey Great Britain, vol. 3, 2d ed., p. 538, fig.

11. (A copy of Salter, 1866b, p. 334, fig. 11.)

Lingula (Lingulella?) lepis (Salter), Brogger, 1882, Die silm-ischen Etagen 2 und 3, p. 44, PL X, figs. 5, 5a-b. (Occur-

rences mentioned in German.)

Lingulella lepis (Salter), Holm, 1898, Geol. Foren. i Stockholm ForhandL, Bd. 20, p. 148. (Occurrences mentioned

in Swedish.)

Lingulella lepis (Salter)?, Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, pp. 66 and 71. (Occur-

rences mentioned in German.)

Lingulella cf. lepis (Salter), Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 204. (New
locality mentioned.)

Lingulella lepis (Salter), Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 2 (Aftryck

ur K. Fysiografiska Sallskapets HandL, N. F., Bd. 17), pp. 62-63, PL I, fig. 20. (Occurrences discussed in

Swedish.)

Lingula? corrugata Moberg and Segerberg, 1906, idem, p. 63, PL I, fig. 21. (Characterized in Swedish as a new
species.)

Lingula? bryograptorum Moberq and Segerberg, 1906, idem, p. 63, PL I, fig. 22. (Characterized in Swedish as a

new species.)

Lingula ? producta Moberg and Segerberg, 1906, idem, p. 63, PL I, fig. 23. (Described in Swedish as a newspecies.)

Lingula ? ordovicensis Moberg and Segerberg, 1906, idem, p. 63, PL I, fig. 24. (Described in Swedish as a new
species.)

Lingulella lepis Salter ?, WestehgArd, 1909, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck ur K. Fysio-

grafiska Sallskapets HandL, N. F., Bd. 20), p. 56, PL II, figs. 17-19. (Discussed in Swedish. Figs. 17 and 18

are copied from Moberg and Segerberg, 1906, PL I, figs. 28 and 27, respectively.)

Lingula ? corrugata Moberg and Segerberg, Westergakd, 1909, idem, p. 57, PL II, fig. 23. (Characterized in

Swedish. Fig. 28 is copied from Moberg and Segerberg, 1906, PL I, fig. 21.)

Lingula? bryograptorum Moberg and Segerberg, WestergArd, 1909, idem, p. 57, PL II, figs. 24a-b. (Characterized

in Swedish. Figs. 24a -b are copied from Moberg and Segerberg, 1906, PL I, figs. 22a-b, respectively.)

I was in doubt about this species until after studying a fine series of specimens collected

for me by Schmalensee at various localities in Sweden. The Swedish shells, in a limestone

matrix, have a broader outline than the typical forms of Lingulella ferrugiri^ea, in a limestone

matrix, although some of the latter are as broad when flattened in the matrix. When the shells

of L. lepis are compressed laterally they look very much like those of L. ferruginea Salter.

Under like conditions of preservation they appear to be distinct. The interior surface is marked
by concentric lines of small pits. The outer surface varies from an almost smooth and polished

surface marked by concentric lines of growth to a broken surface marked by concentric lines

and radiating, more or less irregular, raised ribs. All the characters known are illustrated

on Plate XXXI.
The American representative of this species, Lingulella hella (Walcott), which has a strati-

graphic range similar to that of the shell from Wales, from the Upper Cambrian into the Lower
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Ordovician, appears to be a much larger shell. In Norway and Sweden it occurs m the Cerato-

pyge limestone. Compressed and flattened shells from the Paradoxides daindis zone of Manuels

Brook, Newfoundland, strongly suggest this species, but no similar forms occur in the calcareous

layers interbedded in the shales, altliough L. ferruginea Salter is abundant m both limestone

and shale.

Moberg and Segerberg [1906, pp. 62-63] have described and illustrated five species of small

Lingulella-\ik.e shells from the Ceratopijge zone of Sweden. The form illustrated as Lingulella

lepis (Salter) [Moberg and Segerberg, 1906, PI. I, fig. 20] is a dorsal valve of that species from the

Dictyograptus zone. The form given the name Lingula? corrugata Moberg and Segerberg

[1906, PI. I, fig. 21] is from the lower portion of the Dictyograptus zone and appears to be a

partly exfoliated dorsal valve of L. lepis. Of the remaining two species, the one named Lingula f

ordovicensis Moberg and Segerberg [1906, PI. I, fig. 24] is much like the ventral valve of L.

lepis as illustrated on Plate XXXI, figure 4b, of this work, and the other, Lingula? producta

Moberg and Segerberg [1906, PI. I, fig. 23], appears to be a similar shell laterally compressed.

I have a series of specimens from the Ceratopyge limestone of Norway and Sweden that indicate

that the species had a considerable range of variation, in this respect resembling L. ferruginea

Salter (PI. XXIX, figs. 1 and 2) ; in fact the variations of the latter species nearly include

the forms referred to L. lepis (PI. XXXI, figs. 4, 4a-f). It may be that Moberg and Segerberg's

specific names should be retained, but with the information now available I am inclined to

consider them all as synonyms of L. lepis.

The specific name is derived from Xirac, a scale.

Formation and locality.'—Passage beds from the Upper Cambrian to the Ordovician: (8x) Ceratopyge lime-

stone at Slemmestad, about 3 miles (4.8 km.) southwest of Christiania; (323f and 323h [Brogger, 1882, pp. 16-17])

Ceratopyge limestone at Vestfossen, 10 miles (16.1 km.) west-southwest of Christiania; and (323c [Brogger, 1882, p. 44])

Ceratopyge limestone in the Christiania region; all in Norway.

(320w [Holm, 1898, p. 148]) Ceratopyge limestone at Glote in Herjeadalen, Province of Jemtland; (310 [Moberg

and Segerberg, 1906, p. 63]) Ceratopyge limestone (zone 4) at Ottenby, Oeland Island; (310]) Ceratopyge limestone at

Borgholm, Oeland Island; (310w [Westergard, 1909, desc. of PI. II]) zone c at Gronhogen, Oeland Island; and (309

[Moberg and Segerberg, 1906, p. 63]) Ceratopyge limestone (zone 4) at Fogelsang, 5 miles (8 km.) east of Lund, Province

of Malmbhus; all in Sweden.

Upper Cambrian: (9f) Limestones of the Olenus zone at Noersnaes, west of Christiania; and (323a [Wiman, 1902,

p. 66]) Ceratopyge slate in the Christiania region; both in Norway.

(3211'' and 321m6) Drift bowlders of Ceratopyge sla,te, Nos. 14, 17, and 27 [Wiman, 1902, p. 68], on Biludden,

about 20 miles (32.2 km.) east of Gefle, Province of Gefleborg; (309a [Moberg and Segerberg, 1906, p. 62]) Bryograptus

slate (zone 2) at Fogelsang, 5 miles (8 km.) east of Lund, Province of Malmohus; (310d) Ceratopyge slate at Borgholm,

Oeland Island; and (309b [Moberg and Segerberg, 1906, p. 63]) Dictyograptus slate (zone 1) at Flagabro, Province of

Malmohus; all in Sweden.

(305a [Davidson, 1866, desc. of PI. Ill]) Upper Tremadoc beds at Moel-y-gest, northwest side, Carnarvonshire;

(366ci [Davidson, 1866, p. 54]) Upper Tremadoc beds at Garth, opposite Portmadoc, Merionethshire; (305e [Davidson,

1866, p. 54]) Upper Tremadoc beds near Tai-hirion, Arenig; (305c) Lower Tremadoc slate, everywhere in the Tremadoc

district, Carnarvonshire; (305d)o 6 Upper Lingula flags near Tremadoc, Carnarvonshire; (305f)'J Lower Tremadoc, east

of Port Nant-y-Ladron, on the Bala Road from Ffestiniog, Merionethshire; (305g) « Lower Tremadoc at Wern; (3051i)o

Lower Tremadoc at Borthwood; (3051)" Lower Tremadoc atTrwyn-y-Iago; and (305j)'^ Lower Tremadoc at Cefn Cyfar-

nedd; all in North Wales.

(307a [Matthew, 1903, p. 240])6 Shales of Division C3c2 of Matthew, on McLeod Brook (=Barachoi3 River), near

Boisdale, eastern Cape Breton, Nova Scotia, Canada.

(301e)6 Beds of Division C3a of Matthew; and (301u) shales of Division C3b of Matthew; both [Matthew, 1903,

p. 204] in the St. John Basin, St. John County, New Brunswick, Canada.

LiNGtJLELLA LINEOLATA (Walcott).

Plate XLVIII, figures 2, 2a-l.

Obolus (Lingulella) Uneolatus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 408-409. (Described and discussed

essentially as below as a new species.)

General form ovate, with the ventral valve subacuminate, and the dorsal valve ovate to

broad ovate. The range of variation in the outline of the valves is quite strongly marked; this

1 Davidson, ISBe, p. 54. i The species is somewhat doubtMly identified from this locality.
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may be seen by comparing Plate XLVIII, figures 2a, 2e, 2i, and 2k of the ventral valve and
figures 2b, 2c, 2d, 2f, and 2g of the dorsal valve. The convexity of the valves is moderate,

that of the dorsal valve being a little more than that of the ventral (fig. 2j).

The surface of the shell is marked by concentric lines and stride of growth, with very fine,

concentric striae between them that are sometimes slightly undulating ; on some specimens very

faint radiating strife can be seen with a strong lens ; when the outer layer is exfoliated the inner

layer is marked by fine radiating and concentric striae in addition to the stronger concentric

strise; as far as can be determined from the imperfect casts of the interior the inner surface of

the shell was nearly smooth. The shell appears to be formed of a very thin outer layer and
one or more thin inner layers or lamellse ; toward the frontal margins the oblique lamellae increase

in number, but do not give any considerable thickness to the shell.

One of the largest of the ventral valves referred without doubt to this species has a length

of 7 mm. and a width of 5.5 mm. An associated dorsal valve is shghtly shorter in proportion

to the width. The average size is smaller, not exceeding 5 mm. for the length of the ventral

valve. One unusually large ventral valve that is referred to this species with some doubt has

a length of 9 mm.
The only traces of the interior of the shell that have been observed are portions of the

cardinal area and pedicle furrow of the ventral valve (PL XLVIII, fig. 2j) and the cardinal

area of a dorsal valve (PI. XLVIII, figs. 2f and 2 1).

Observations.—This species is very abundant in the upper beds of the "Tonto" sandstone.

It is associated with Oiolus (Westonia) euglypTius (Walcott), and it is often difficult when the

two are in the form of imperfect casts, to distinguish between the larger specimens of the two

species. They are readily distmguished, when the shells are well preserved, by the difference

in surface markings and the more acuminate ventral valves of LinguIeUa lineolata. The latter

character, however, is not always of service, especially in the larger shells. In form the ventral

valve of this species may be compared with L. acutangula (Roemer) (PL XVII).

Formation and locality.—Middle Cambrian: (9o) Siliceous limestone about 15 feet (4.5 m.) above the Coronado

quartzite [Lindgren, 1905, p. 3], 0.5 mile (0.8 km.) southwest of Milk ranch, on the first spur north of the one which,

the main road follows; and (358) argillaceous shale, 50 feet (15.2 m.) above the Coronado quartzite [Lindgren, 1905,

p. 3], west side of Chase Creek Canyon, 1.5 miles (2.4 km.) east-northeast of Morenci; both in the Clifton quadrangle

(U. S. Geol. Survey), Graham County, Arizona.

(73) Sandstones of the Tonto group, in Kwagunt Valley; (73a) sandstones of Tonto gToup, in Chuar Valley; (74)

sandstone about 300 feet (91.4 m.) above the base of the Tonto group, at the head of Nunkoweap Valley; (74d) sandstone

beds in '

' Tonto " shale, just above massive sandstones near the mouth of Bass Canyon, on the south side of the Grand

Canyon, southeast of Powell Plateau; and (17c) sandy limestone 235 feet (71.6 m.) above the "Tonto" sandstone,

Grand View trail, north of Last Chance copper mine, south side of the Grand Canyon; all in the Grand Canyon of the

Colorado, Arizona.

LiNGXJLELLA LINNARSSONI (Walcott)

.

Plate XXX, figures 14, 14a.

Obolus (LinguleUa) Imnarssoni Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 688. (Described as below as a new
species.)

Ventral valve elongate oval, subacuminate. Surface marked by fine, undulating, depressed,

radiating, ridgelike lines; closely undulating, concentric striae; and very fine papillse that

appear to terminate in fine sharp points; the papillae are situated on the narrow, irregular,

elevated spaces between the striae. Shell relatively thin and formed of several lamellae, more

or less oblique to the outer surface.

Observations.—The species is based on a fine specimen of a ventral valve associated with

BiUingsella lindstromi (Linnarsson) in the Paradoxides series of Lovened. It is broader than

LinguleUa ferruginea Salter and the surface ornamentation is quite different. The latter is

more like that of the associated AcrotJiele coriacea Linnarsson. In outline it approaches more

nearly to L. lepis (Salter).

The specific name was given in honor of Mr. J. G. Linnarsson.

Formation and locality.—Middle Cambrian : (320n) Limestones of the Paradoxidesforchhammeri zone at Lovened,

Djupadal, 19 miles (30.6 km.) south-southeast of Skara, Province of Skaraborg, Sweden.



OBOLID^. 517

LiNGULELLA MANTICXJLA (White).

Plate XX, figures 1, la-c.

Lingula? manticula White (in part), 1874, U. S. Geog. Surveys W. 100th Mer.; Prelim. Kept. Invertebrate Fossils,

pp. 9-10. (Described as a new species, including specimens referred to both Lingulella manticula and L. arguta.)

Lingula manticula White (in part), 1877, U. S. Geog. Surveys W. 100th Mer., vol. 4, pt. 1, p. 52, PI. Ill, fig. 2b (not

fig. 2a). (Described essentially as in the preceding reference and discussed. The specimen represented by fig.

2b could not be located when the drawings of this species were being made, and the original drawing is reproduced

in this monograph, PI. XX, fig. Ic. The specimen represented by fig. 2a is referred in this monograph to Lingu-

lella arguta.)

Not Lingula? manticula Waloott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 13-14, PL IX, fig. 3; and PL XI, fig. 2.

(These specimens are now referred to Lingulella punctata.)

Shell small, general form elongate ovate, with the ventral valve subacuminate, and the

dorsal valve ovate m outline. Valves rather strongly convex, the ventral being slightly more
so along the posterior half than the dorsal. There is some variation in the outline of the valve,

as is shown for the ventral by Plate XX, figures 1 and Ic, and for the dorsal by Plate XX, figures

la and lb.

Surface of shell marked by fine concentric lines of growth and very fine, slightly irregular

concentric strife ; when the outer shell is partly exfohated the outer surface of the inner layers

is marked by fine, concentric lines and not very distinct radiating striae; the inner surface of the

shell shows concentric lines of growth and a few scattered pits or punctse. The shell is of

medium thickness and formed of a thm outer layer and one or'more inner layers or lamella.

The average length of the ventral valve is 3.5 mm.; width, 2 mm. The associated dorsal

valve of the same width has a length of 3 mm.
As shown in tlie cast of the interior of the shell the area of the ventral valve is long, clearly

defined, and broken midway by a narrow but strong pedicle groove. It is also marked near its

lateral margins by narrow flexure lines. The strise of growth cross the area parallel with its

base. They are very distinct but do not show on the cast of the pedicle furrow.

The cast of the interior of the ventral valve shows the visceral cavity (v) and the outline of

the heart-shaped pit (x). In the dorsal valve sufficient is shown to indicate that the visceral

cavity extended forward to about the middle of the shell, and that a narrow median septum was
present.

Observations.—This is a small species that is representative of quite a group of somewhat
similar forms that occur in the Upper Cambrian and Lower Ordovician faunas, both in the

Rocky Mountain and Appalachian regions; Lingulella punctata (Walcott) representing the group
in the Rocky Mountains, and L. desiderata (Walcott) in the Appalacliian region.

Of the figures given by Wliite [1877, PI. Ill] figure 2b is taken as the type. Figure 2a of

Wliite [1877, PI. Ill] is a larger shell, which I have referred to L. arguta. The specimens identified

by Walcott [1884b, p. 13] as "Lingula? manticula" have been referred to L. punctata, as a
comparison with the type of " L. f manticula" "VYliite shows them to be distinct.

This species was referred to the "Quebec group" by WIrite [1874, p. 9], and it is probable

that the horizon at which it occurs will be found to be in the passage beds between the Upper
Cambrian and Lower Ordovician, or what corresponds to the lower part of the Pogonip limestone

of the Eureka, Nevada, section. Since the preceding was written, Spurr collected a few Cam-
brian fossils in southern Nevada among which occurs a form that appears to be identical with
L. manticula. The fragments of trilobites indicate a Cambrian fauna but not its stratigraphic

horizon.

Formation and locality.—Lower Ordovician: (202) Pogonip limestone, on the summit of the ridge directly

southeast of the Jackson mine, northwest of Shadow Canyon, Eureka district [Hague, 1892, Atlas], Eureka County;
and (214b) limestone near the middle of the Pogonip limestone, White Pine district. White Pine County; both in

Nevada.

Upper Cambrian: (8e) Limestone in Patterson Cauyon, west side of the Schell Creek Range; (313f) limestone at

Schellbourne, Schell Creeh Range, and (8f) limestone at summit of canyon, 10 miles (16.1 km.) south of Egan Canyon,
east side of Egan Range; all in AMiite Pine County, Nevada.
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(61) Limestone in the Dunderberg shale [Walcott, 1908f, p. 184], a little south of the Hamburg mine; and (62)

limestone in the Dunderberg shale [Walcott, 1908f, p. 184], in canyon immediately north of Adams Hill; both in the

Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

(301) About 1,400 feet (426.7 m.) above the Middle Cambrian and 1,900 feet (579.1 m.) below the top of the Upper
Cambrian in the shales forming lb of the Orr formation [Walcott, 1908f

, p. 176], on Orr Ridge, about 5 miles (8 km.)

south of Marjum Pass [Walcott, 1908f, PL XIII], House Range, Millard County; (15d) thin-bedded blue limestone near

Cave Spring, on the east side of the Fish Spring Range, about 4 miles (6.4 km.) south of the J. J. Thomas ranch, Juab

County; (32f) thin-bedded siliceous limestone near the top of the Upper Cambrian, about 2 miles (3.2 km.) southeast

of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele County; and (30ci) limestones

about 2,300 feet (701 m.) above the Cambrian quartzitic sandstones on pipe line above limekiln, in Ogden Canyon,

1 mile (1.6 km.) above its mouth, east of Ogden, Weber County; all in Utah.

(54b) About 1,200 feet (365.8 m.) above the Middle Cambrian, and 25 feet (7.6 m.) below the top of the Upper
Cambrian in the limestones forming 1 of the St. Charles formation [Walcott, 19081, p. 191]; (31m) about 175 feet

(53.3 m.) above the Middle Cambrian and 1,050 feet (320 m.) below the top of the Upper Cambrian, near the base of

the limestones forming 3 of the St. Charles formation [Walcott, 1908f, p. 192]; and (54e) about 200 feet (61 m.) above

the Middle Cambrian and 1,025 feet (212.4 m.) below the top of the Upper Cambrian, in limestones forming 3 of the

St. Charles formation [Walcott, 19081, p. 193]; all in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum,

Cache County, Utah.

Middle Cambrian: (7i) Limestone just west of the summit on the road east of Schellboume, Schell Creek Range,

White Pine County; and (7j) limestones at the north end of the Quinn Canyon Range, 1 mile (1.6 km.) northwest of

the Italian Ranch foothills, Nye County; both in Nevada.

In the Nounan limestone in southern Idaho there is a narrow, elongate Lingulella that is

closely allied to L. manticula. It differs in being narrower in proportion to the length, in this

respect resembling Lingulella cania (Walcott) (PI. XXXV, figs. 3, 3a-d) of Nova Scotia.

Formation and locality.—Middle Cambrian: (56f) Nounan limestone [Walcott, 1908a, p. 6], in a ridge north

of the creek which flows into Mill Canyon from the west, about 5 miles (8 km.) west-southwest of Liberty and 15

miles (24.2 km.) west of Montpelier, Bear Lake County, Idaho.

Lingulella martinensis Matthew

Plate XXXVIII, figures 1, la-g.

Lingulella davsoni Matthew (in part) [not (Walcott)], 1886, Trans. Roy. Soc. Canada for 1885, vol. 3, sec. 4, No. 3,

pp. 33-34, PI. V, figs. 9, 9a-c (not fig. 9d). (Described and discussed as a new species, but refers in synonymy

to Walcott, 1884a, p. 15. The specimen represented by figure 9d is referred in this monograph to Lingulella

ferruginea.)

Lingulella martinensis Matthew, 1890, Trans. Roy. Soc. Canada for 1889, 1st ser., vol. 7, pp. 155-156, PI. VIII, fig. 4.

(Described as a new species.)

Lingulella martinensis Matthew, 1895, Trans. New York Acad. Sci. for 1894-5, vol. 14, pp. 113-114, PI. II, figs. 6a-d.

(Described and discussed. Fig. 6a is copied from fig. 4 of the preceding reference. The specimens represented

by figs. 6b and 6d are redrawn in this monograph, PL XXXVIII, figs. Id-e, and la, respectively. Fig-s. 1, lb,

Ic are .also drawn from specimens in Matthew's type material, but further identification is impossible.)

Lingulella cf. granvillensis Walcott, Matthew, 1895, idem, pp. 114-115, PL II, figs. 7a and 7b. (Described and dis-

cussed.)

General form elongate ovate to subcuneate, with the ventral valve subacuminate, and the

dorsal valve elongate ovate ; the cardinal slopes of the ventral valve are nearly straight for fully

one-half the length of the valve. Ventral valve moderately convex; dorsal valve unusually

convex, especially over the umbonal region.

Surface of the shell marked by fine concentric lines of growth, and very fhie, irregular

raised strife that form a surface of the type of that of Lingulella radula Matthew and Lin-

gulella {Lingulepis) roberti (Matthew) . The undulations cause the striae to touch and blend so

as to give the appearance of inosculation and a network of lines. The appearance of the sur-

face markings often varies considerably on different portions of the same valve. The interior

surface shows radiating lines and scattered punctse. The shell is preserved largely as casts of

the interior and exterior; it appears to have been built up of a thin outer layer and several

inner layers or lamellae.
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The largest ventral valve received from Matthew has a length of 9 mm. ; width, 6 mm. The

area of the ventral valve is long and divided midway by a narrow, tapering pedicle groove, and

toward the lateral margin by a well-marked flexure line. The area of the dorsal valve is unusu-

ally long and well marked; the flexure lines are strong and outlme a broad, shallow groove

between them (PI. XXXVIII, fig. le).

A cast of the ventral valve shows a slight trace of the visceral cavity, also the anterior

lateral muscle scars. A few outlines of the vascular markings are preserved in casts of the

dorsal valve, also the transmedian and outside or middle lateral muscle scars which occur just

within a narrow ridge that borders the somewhat flattened margin of the interior of the valve.

Observations.—The original figure of this species [Matthew, 1890, PI. VIII, fig. 4] is quite

unlike those subsequently given by Matthew [1895a, PI. II]. The first type must have been

distorted, or else it is a different species.

With original specimens to compare and study I consider the specimens referred to Lin-

gulella cf. granvillensis by Matthew [1895a, p. 114] to be identical with L. martinensis. The size

and form of the valves, convexity, and surface markings all serve to strengthen this conclusion.

The ventral valve, figured by Matthew [1895a, PI. II, fig. 7a], is an impression in the shale, the

cardinal slopes of which have been broken away. The dorsal valve [Matthew, 1895a, PI. II,

fig. 7b] may be compared with the dorsal valve of L. martinensis [1895a, PL II, fig. 6d].

Matthew [1895a, p. 114] described the occurrence of the central and lateral scars in the

ventral valve, but he does not show them in his figures, and I can not clearly see them in the

type specimens received from him.

The specific name is derived from St. Martins, in which the type specimens were collected.

Formation and localitt.—Middle Cambrian: (2g and 2f)'' Sandstones of Division Ihl; (21i) sandstones of Divi-

sion lb2; and (2i) sandstones of Division lb3; all in Matthew's [1895, p. 108] Protolenxis zone on Hanford Brook,

St. John County, New Brunswick.

LlNGULELLA MINOR (Matthcw).

'^'
Plate XXXVII, figures 3, 3a-g.

Idngulella starri minor Matthew, 1892, Trans. Roy. Soc. Canada for 1891, vol. 9, sec. 4, No. 5, pp. 58-59, PI. XIx,

figs. 5a-b. (Described and discussed as below. It is a new variety, though not so described. The specimens

represented by figs. 5a and 5b are redrawn in this monograph, PI. XXXVII, figs. 3 and 3a, respectively.)

The original description by Matthew follows

:

This neat little species is referred to Lingu lella starri on account of the sculpture, though it is different both in form

and size. It is only about two-thirds of the size of that species, and is more prolonged in front. The dorsal valve also

is ovate, not oblately orbicular as in the type.

The sculpture consists of concentric ridges, which appear crenulated owing to the interrupted, faint, radiating

ridges that traverse them. At intervals there are stronger concentric lines marking stages of growth. The ridges are

not so sharply marked as in L. starri, and the shell is much thinner.

Length of ventral valve, 11 mm. ; width, 9 mm. The dorsal valve is 1 mm. shorter.

Observations.—The types of Lingulella starri are in this naonograph referred to Lingulella

(Lingulepis), and the variety minor of Matthew [1892, p. 58] to Lingulella as a distinct species.

During the summer of 1899 I visited the type locaHty on Long Island, and found this shell

in the shales, and also a smaller shell that appears to be the young of Lingulella minor, in a fiiie,

compact, shaly sandstone, and in lenticular masses of limestone interbedded in the shales.

There is also great variation in outhne and size of the shells in the siHceous shale.

Formation and locality.—TTpper Cambrian: (2x) b Thin-bedded sandstones of Division 2 of Matthew, on the south

shore of Long Island, Kennebecasis Bay [G. F. Matthew, lS98b, p. 38], St. John County, New Brunswick.

(3n) Thin-bedded sandstones on Salmon River, Gillis Hill, 13 miles (20.9 km.) south of Marion Bridge, eastern

Cape Breton, Nova Scotia, Canada.

a 2f is the type locality, thougli tlie specLmeTis in the United States National Museum collections to which that number is assigned were
collected later than the type specimens.

b2x is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were
collected later than the type specimens.
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LiNGULELLA MOSIA (Hall).

Plate XVIII, figures 1, la-f.

Lingula mosia Hall, 1863, Sixteenth Ann. Kept. New York State Cab. Nat. Hist., p. 126, fl. VI, figs. l-3a. (Described

and discussed as a new species ; see below.

)

Lingula mosia Hall, 1867, Trans. Albany Inst., vol. 5. pp. 102-103, PI. I, figs. l-3a. (Copy of preceding reference.)

Lingula mosia Hall, Sardeson, 1896, Bull. Minnesota Acad. Nat. Sci., vol. 4, No. 1, pt. 1, p. 95. (Discussed from a

new locality.)

The original description by Hall follows:

Shell small, subelliptical, or ovate-spatulate, little convex, concentrically striated. The slopes below the beak

are sometimes nearly straight for a short distance, and often curving from the beak to the base. The specimens are for

the most part impressions in sandstone, with little of the shell remaining, but the form is very distinct from any of

the described species; and being limited in vertical range, and with a somewhat wide horizontal extension, it becomes

of interest in its associations.

The study of a large number of specimens has added little to the knowledge of tliis species.

Nearly all the shell structure has been removed, and only more or less imperfect casts remain

in the sandstone. The outer surface is marked by fine concentric strise and lines of growth,

and in one cast there is an indication of irregular, almost inosculating stride, such as occur on

portions of the surface of Oholus (Westonia) ella (Hall and Whitfield). The few fragments of

the shell in the material studied indicate that it was of medium thickness and formed of two

or more layers, and that the inner lamellte were marked by fine radiating strise.

The average size of the ventral valve is about 8.5 mm. in length by 7 mm. in width. The

dorsal valve is a little shorter in proportion to the width.

The area of the ventral valve is high; it is broken midway by a strong narrow pedicle

groove, and on each side, well out toward the margin, by very narrow flexure lines. Strong

striae of growth cross the area parallel to its base. They arch transversely over the cast of

the pedicle furrow. The area of the dorsal valve is well defined; it is crossed by fine strise

of growth, and marked by oblique flexure hnes that outline a rather broad space between

them.

The casts of the interior of the ventral valve show traces of the visceral cavity and main

vascular sinuses, and the central and anterior lateral muscle scars have been seen in the dorsal

valve.

Ohservations.—The broad, almost subquadrate outhne of some of the specimens of the

dorsal valve suggest Oholus ( ^Vestonia) ella (Hall and Wliitfield) (PL XLVII) and there is a

trace of the surface of the latter. A closer comparison of the two shows that 0. ( W.) ella is a

broader shell, Avith a characteristic surface ornamentation. Lingulella mosia may be the Upper

Cambrian representative of the Middle Cambrian Oholus ( Westonia) ella.

Formation and locality.—Lower Ordovician: (364a [Sardeson, 1896, p. 95]) reported by Sardeson from the

Oneota dolomite along St. Croix Elver in both Wisconsin and Minnesota.

Upper Cambrian: (113) "St. Croix sandstone" at La Grange Mountain (or Barn Bluff), near Eed Wing, Goodhue

County, Minnesota.

(78 and 78s) " "St. Croix sandstone," quarry near St. Croix River in suburbs of Osceola, Polk County; (86)

&

"St. Croix sandstone" near Prairie du Sac, Sauk County; (85x and S85x) upper beds of the "St. Croix sandstone" near

Mazomanie, Dane County; (99a) "St. Croix sandstone" near Pilot Knob, Adams County; (100) "St. Croix sand-

stone" near Menomonie, Dunn County; (79 and-79s) "St. Croix sandstone" near Hudson, St. Croix County; (98x)

"St. Croix sandstone" near Eau Clah-e, Eau Claire County; (78b) "St. Croix sandstone" 50 feet (15.2 m.) above

St. Croix River, near the landing at Osceola, Polk County; (98a) "St. Croix sandstone" at Marine Mills, Wash-

ington County; (86) "St. Croix sandstone," at Van Ness's quarry, Gibraltar Bluff, Lodi, Columbia County; and

(85s) "St. Croix sandstone" at Prairie du Sac, Sauk County; all in Wisconsin.

(364) St. Lawrence formation of Sardeson [1896, p. 95], in both Wisconsin and Minnesota.

(341a) Sandstone at McGregor, Clayton County, Iowa.

oThe species also occurs in Locality 78c (p. 214).

6 86 is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected later than the type specimens.
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LiNGULELLA MOSIA OSCEOLA (Walcott).
I'

Plate XVIII, figures 2, 2a-c.

Obolus (Lingulella) raosia osceola Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 409. ((jnaraccenzed as below as a

new variety.)

There is a considerable variation in the form of Lingulella mosia (Hall) as it occurs in the

brown sandstone of Osceola, and for the narrow, more elongate variety the name osceola

was proposed [Walcott, 1898b, p. 409]. It is an intermediate form between L. mosia and L.

perattenuata (Whitfield) (PI. XXI). The same, or a closely allied, variety occurs in a light-colored

sandstone at Eau Claire.

The varietal name is derived from Osceola, the type locality.

Formation and locality.—TTpper Cambrian: (78 and 78s) ^^ "St. Croix sandstone" in quarry near St. Croix River,

in suburbs of Osceola, Polk County, and (98) "St. Croix sandstone" near Eau Claire, Eau Claire County; botb in

Wisconsin.

Lingulella nanno (Walcott).

^^
Plate XXIV, figiu-es 1, la-d.

Obolus (Lingulella) nanno Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 409. (Described as below as a new
species.)

Shell very small; general form elongate ovate, with the ventral valve subacuminate to

acuminate, and the dorsal valve elongate in outline. The convexity of the two valves is mod-
erate in the very small shells, increasing slightly with the increase in size. Average length of

the ventral valve is about 2 mm., and that of the dorsal valve a little less.

The surface of the shell as it appears in the hard, fine grained, drab-colored limestone is

marked b}' fine, concentric striae, and very faint traces of radiating strife.

Ohservations.—This minute species occurs in thin layers of limestone interbedded in the

Conasauga ("Coosa") shale. Its small size and acuminate ventral valve distinguish it from

other species. It is associated wdth Dicellomus appalacJiia Walcott and fragments of trilobites.

Formation and locality.—Middle Cambrian: (16) Conasauga limestone, Blountsville Valley, Blount County;

and (91) Conasauga ("Coosa") sbale at Cedar Bluff, Cherokee County; both in Alabama.

Lingulella nathorsti Linnarsson.

Plate XXXI, figures 1, la-h.

Lingulella ? nathorsti Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 1.5-16, PI. Ill,

figs. 24-30. (Described and discussed in English as a new species.)

This is a medium-sized well-characterized species. As the illustrations of Linnarsson

[1876, PI. Ill] are not altogether satisfactory I have had several drawings made from material

received from Dr. G. Lindstrom.

Plate XXXI, figures 1, la-b, represents specimens from the graj^, arenaceous, shaly sand-

stones at Andrarum, and Plate XXXI, figures Ic-e, specimens from the hard, dark-gray sand-

stones in Dalarne. Specimens from the dark sandstone show the surface of the sheU to have

been marked by concentric striae and lines of growth and very fine radiating striae. The casts

from the arenaceous shales show the area of the valves (PI. XXXI, figs. 1 and lb) and .traces of

the vascular markings.

Ohservations.—In form and outline Lingulella nathorsti may be compared with L. radula

Matthew, but it differs greatly from that species in its surface characters.

The specific name was given in honor of Mr. A. G. Nathorst.

Formation and locality.—Lower Cambrian: (320x) In strata with Holmia hjerulfi at Andrarum, 20 miles (32

km.) northwest of Simrishamn, Province of Christianstad; and (8y) with Torellella cxvigata in the " Sparagmite " sandstone,

at Skarosen, northwest Dalarne, Province of Kopparberg; both in Sweden.

' 178 is the type locality.
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,
/- LiNGULELLA NiCHOLSONi Callawaj.

Plate XXX, figures 3, 3a-f.

Lingulella nicholsoni Callaway, 1874, Quart. Jour. Geol. Soc. London, vol. 30, p. 196. (JSlame proposed.)

Lingulella nicholsoni Callaway, 1877, idem, vol. 33, pp. 668-669, PI. XXIV, figs. 11, lla-b. (Described and discussed

as below. Figs. 11 and lib are reproduced in this monograph, PI. XXX, figs. 3 and 3a, respectively.)

Lingulella nicholsoni Callaway, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, pp. 208-209, PL XVIl, figs.

31, 31a, and 32. (The discussion of the species, the localities, and the figures given in the preceding reference

are here copied.)

Lingulella nicholsoni Callaway?, Matley, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, p. 141. (A new locality

mentioned.')

The original description by Callaway follows

:

Ovate, depressed, widest about the middle, two-thirds as broad as long, front and sides rounded, beak moderately

acuminate, area of ventral valve striated, the stride parallel to the external slope of the valve, pedicle groove divided

by a narrow ridge down the middle; visceral surface pitted; exterior surface marked by fine concentric lines of growth.

Length, 5 lines; width, 3.5 lines.

This is a larger shell than Lingulella ferruginea Salter and its sides are not so parallel.

It closely resembles L. lepis (Salter); but L. lepis is wider toward the front, according to

Davidson's figures [1883, PI. XVII, figs. 31, 31a, and 32].

In a collection kindly lent to me by Dr. Charles Lapworth I found this species to vary

greatly in outline in the shales. It is a well-marked species. Plate XXX, figures 3b and 3c,

shows probably the most characteristic adult forms.

The specific name was given in honor of Mr. Nicholson.

Formation and locality.—Tipper Cambrian: (3041 [Callaway, 1S77, p. 669]) Shineton shales at Shineton, Mary

Dingle, Dryton, Cressage, 1 mile (1.6 hm.) ivest of Cressage, west of Harley, and under Cound-Moor quarry; and (3041s

[Davidson, 1883, pp. 208 and 209]) Shineton shales at Bull Hill Cottage and Pewardine; all in South Shropshire,

England.

(3041) In the collection received from Dr. Charles Lapworth, collected by R. R. Rhodes, of the Geological

Survey of Great Britain, the species is recorded in shales at the following localities: 2246, 2481, 2499, 2512, 2513,

2541, 2548, 2556, 2567, 2625, and 2627, all on Shineton Brook and vicinity. South Shropshire, England.

(304a [Groom, 1902, p. 110]) "Bronsil shales;" and (304b [Groom, 1902, p. 109]) lower part of the "^^Tiite Leaved

Oak shales" (the zone of Polyphyma); both in the Malvern Hills, between Herefordshire and Worcestershire, England.

, Lingulella ora (Walcott).
1/

Plate XXXV, figures 9, 9a-d.

Obolus (Lingulella) orus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 330. (Characterized as below as a new

species.)

This is a shell of the Lingulella manticula (White) form, but differs from it in being more

elongate; ventral valve more acuminate and dorsal valve proportionately larger. Its nearest

allies in form are among the group of narrow, elongate shells occurring in New Brunswick

and Cape Breton. It differs from all of them

—

Lingulella coUicia (IMatthew), L. fiumenis (IMat-

thew), L. cama (Walcott) , etc.—in haviag a thick, strong shell and usually more acuminate

dorsal valve. The exterior surface bears rather strong concentric lines of growth and very

fine, irregular, undulating, elevated strife that suggest the surface of Oholus (Westonia) ella

(Hall and Whitfield) when seen in reflected light with a strong magnifier.

This Httle shell occurs abundantly, but good interiors have not been found. The maia

vascular sinuses appear to be submarginal in both valves, and the visceral area of the dorsal

valve narrow, extending a little beyond the center of the valve.

Formation and locality.—Tipper Cambrian: (9p) About 160 feet{4S.S m.) above the porphyry contact in the

limestones of the Reagan sandstone, in SE. i NE. i sec. 2, T. 4 N., R. 13 W.; and (9ci) about 10 feet (3 m.) above

the porphyry contact and 90 feet (27.4 m.) below the Arbuckle limestone, in limestones of the Reagan sandstone,

in middle of west half of sec. 2, T. 4 N., R. 13 W.; both about 15 miles (24.2 km.) northwest of Fort Sill, Comanche

County, Oklahoma.
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A single specimen of a ventral valve 4 mm. in length that is much like the corresponding

valve of Lingulella ora occurs at the following locality. More and better material is needed
before an identification can be made that is more than tentative.

Middle Cambrian: (11m) Drill cores of limestone in the Bonneterre limestone at horizons 10 and 20 feet (3 and
6 m.) above the Lamotte sandstone at Flat River, St. Francois County, Missouri.

Lingulella oweni (Walcott).

Plate XVIII, figures 5, 5a-f.

Oholus {Lingulella) oweni Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 410. (Described and discussed essentially

as below as a new species.)

General form ovate, with the ventral valve obtusely acuminate, and the dorsal valve

more broadly rounded posteriorly; valves appear to have been moderately convex, as far as

can be determined from the flattened specimen in the shaly sandstones. Surface of shell

marked by concentric lines and striae of growth and indistinct, radiating strise. There are

no traces of the interior markings observed. The shell is of medium thickness; none of the

specimens show how it was built up, farther than that there were obhque lamellse attached to

the outer layer in the anterior portion of the valve. The largest ventral valve from Gibraltar

Blufi' has a length of 16.5 mm.; width, about 12 mm.; an associated dorsal valve 14 mm. in

length, has a width of 11 mm. as it occurs flattened on the surface of the sandstone. A
smaller shell referred to this species from Osceola averages from 6 to 8 mm. in length.

As shown in the cast of an interior of a shell, the area is rather long, and divided midway
by a sharp pedicle furrow; the flexure lines are situated about midway between the cast of

the pedicle furrow and the lateral margin. The area formed a thin shelf between the pedicle

groove and the lateral margins, the undercut extending far back under the area; a broken
portion of this is preserved on the cast illustrated by figure 5a.

One cast of the interior of a ventral valve shows a slight trace of the visceral area (PL

XVIII, fig. 5d). In a cast of a dorsal valve (fig. 5b) both the central and anterior lateral

muscle scars are somewhat indistinctly preserved.

Observations.—This species is most nearly related to Lingulella ampla (Owen). It difl'ers,

as far as can be determined from the material for comparison, in being less elongate and in

the position of the central and anterior lateral muscle scars in the dorsal valve, as may be

seen by comparing Plate XVIII, figure 5b, with Plate XXVIII, figure Ig. The typical form
of this species is represented on Plate XVIII, figures 5, 5b, and 5c, and a smaller form, which
has been referred to it, by figures 5d, 5e, and 5f.

The species differs strongly from Obolus (Westonia) stoneanus (Whitfield) in its surface

markings, although the outline of the valves is almost the same in the two species.

The specific name was given in honor of Dr. D. D. Owen.

Formation and locality.—^Tipper Cambrian: (78c) "St. Croix sandstone" at Osceola, Polk County; (86) "St.

Croix sandstone" at Van Ness's quarry, Gibraltar Bluff, Lodi, Columbia County; (85z) "St. Croix sandstone" at

Madison, Dane County; (85a) "St. Croix sandstone" at Brown's quarry, Prairie du Sac, Sauk County; and (85s)

"St. Croix sandstone" at Prairie du Sac, Sauk County; all in Wisconsin.

(97) "St. Croix sandstone" at Reads Landing, foot of Lake Pepin, Wabasha County, Minnesota.

Lingulella perattenuata (Whitfield).

Plate XXI, figures 1, la-i.

I/ingulepis perattenuatus Whitfield, 1877, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geol. Black Hills

of Dakota, Prelim. Rept., p. 9. (Described and discussed as on p. 524 as a new species.)

I/ingulepis perattenuatus Whitfield, 1880, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geol. and Re-

sources Black Hills of Dakota, by Newton and Jenney, p. 337, PI. II, figs. 7-9. (Copy of preceding refer-

ence. The specimens represented by figures 7, 8, and 9 are redrawn in this monograph, PI. XXI, figs, li, Ih,

and lb, respectively.)
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Lingulepis cuneolus Schucheet (in part) [not Whitfield], 1897, Bull. U. S. Geol. Survey No. 87, p. 259. (Merely

refers Whitfield's Lingulepis perattenuatus to L. cuneolus.)

Obolus (Lingulella) perattenuatus (Wliitfield), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 443. (Merely

changes generic reference.)

The original description by Whitfield follows

:

Shell spatulate or elongate-ovate, becoming acutely pointed toward the beak; sides below the middle 'of the

length of the ventral valve rounded; front margin very regularly curved; cardinal slopes straight, or sometimes slightly

convex; greatest width a little more than half the length of the ventral valve and sometimes nearly two-thirds as great.

Surface of the ventral valve depressed convex, very slightly subangular along the middle above the lower third of

the length, and a little more distinctly so in the upper part. Apex scarcely truncate. Dorsal valve considerably

shorter than the ventral, broadly truncated at the upper end, the line of truncation being distinctly arched. Surface

evenly convex. Structure of the surface of the shell polished, with fine, somewhat lamellose lines of growth.

The material studied by Whitfield, now in the collections of the United States National

Museum, has been carefully worked over and the cardinal area of both valves developed in

the casts of the interior of the shell (PL XXI, figs. 1 and Id). The plane of the area of the

ventral valve coincides near its edges with the edge of the shell, but it rises quite rapidly toward

the pedicle furrow. It is divided at the center b}^ a rather deep, strongly marked pedicle

furrow and near the lateral margin by a rather sharp, very narrow flexure line (PI. XXI, figs.

la and Ic). The strife of growth cross the area parallel mth its base. They are sharp and

crowded on the lateral slopes, but are very indistinctly preserved in the pedicle groove. The

area of the dorsal valve is lower than that of the ventral and, in the typical specimens, shows

nothing more than the fine striae of growth (PI. XXI, fig. li).

No traces of muscle scars or vascular markings have been found in the material from the

type locality in the Black Hills, but, in some casts of the interiors of valves from Texas, traces

of the visceral cavity and muscle scars are shown. In Plate XXI, figure le, the outline of the

visceral cavity (v) is preserved, also the main vascular sinus (vs).

Both valves of the shell are much thiiiner than in Lingulella acutangula (Roemer). The

shell is formed of a thin outer layer and one or two inner layers or lamellse, which occur in the

posterior half of the shell. The surface of the outer layer is marked by concentric strise and

lines of growth and very fine, more or less interrupted radiating strise. The inner layer is

characterized on its outer surface by fine, concentric, radiating strise. A few minute punctse

occur on the inner surface of several shells, as shown by the papillse on the cast.

Observations.—The most nearly related species in the American Cambrian rocks is L.

acutangula (Roemer). It differs in having a much thinner shell, and, as far as they are pre-

served, in the character and position of the interior markings and muscle scars.

The type species was described from the "Potsdam formation" of the Black Hills. From
a recent study of the Black Hills Cambrian section I have found that it is from the Middle

Cambrian sandstones and limestones as they occur near the headwaters of Red Canyon Creek

and in the vicinity of Deadwood. It is also identified from the Middle Cambrian of central

Texas and in the same fauna from the "Tonto" sandstone of the Grand Canyon of the Colorado,

Arizona. In the Black Hills it is associated with Lingulella (Lingulepis) acuminata (Conrad)

and Dicellomus politus (Hall)

.

Formation and locality.—Upper Cambrian: (67c) Sandstone on Tatur Hill, 7 miles (11.2 km.) northwest of

Burnet, Burnet County; (70) limestone near Morgans Creek, Burnet County; and (68y) interbedded sandstone and

limestone on Packsaddle Mountain, Llano County; all in Texas.

Middle Cambrian: (355) Sandstones on Red Canyon Creek, southwest side of Black Hills; and (365f) sandstones near

Deadwood, Black Hills; both in South Dakota.

(74) Sandstone about 300 feet (91.4 m.) above the base of the Tonto group, at the head of Nunkoweap Valley;

and (74d) sandstone beds in the '

' Tonto' ' shale just above massive sandstones near the mouth of Bass Canyon, on the

south side of the Grand Canyon of the Colorado, southeast of Powells Plateau; Ijoth in the Grand Canyon of the Colo-

rado, Arizona.

A siagle ventral valve of this species, or a closely related form, occurs in the following

locality

:

Middle Cambrian: (9o) Siliceous limestone about 15 feet (4.6 m.) above the Coronado quartzite [Lindgren, 1905,

p. 3], 0.5 mile (0.8 km.) southwest of Milk ranch, on the first spur north of the one which the main road follows, Clifton,

quadrangle (U. S. Geol. Survey), Graham County, Arizona.
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/ LiNGULELLA PHAON (Walcott).

Plate XX^a, figures 1, la-e.

Oholus (Lingulella) phaon Walcott, 1898, Proc. IT. S. Nat. Mus. , vol. 21, pp. 410-411. (Described and discussed

essentially as below as a new species.)

General form ovate, with the ventral valve subacuminate, and the dorsal broadly ovate;

valves of moderate convexity. Surface of the shell marked by fine concentric lines and strise

of growth, and very fine more or less interrupted radiating striae; when the outer layer is exfo-

liated the inner surface is marked by numerous fine radiating striae ; the interior surface as seen

in casts is more or less marked by rather large papillae arranged in concentric lines, the papillae

corresponding to the pits or puncta? on the inner surface of the shell. The shell is rather thick,

and is built up of a thin outer layer and several inner layers or lamellae, the lamelte toward
the front being oblique to the outer layer. A large ventral valve 15 mm. in length has a width
of 13 mm. ; a dorsal valve 11 mm. long has a width of 10 mm.

As sho^vn in the cast of the interior of the shell, the area of the ventral valve rises gradu-

ally from the margin toward the pedicle groove. It is broken midway by the cast of a strong

pedicle furrow and a little more than halfway up toward the lateral margin by a strong flexure

line; the striae of growth are very fine and cross the area parallel with its base. The cast of the

undercut shows that the area formed a thin shelf between the pedicle groove and the lateral

margins. The area of the dorsal valve is well defined. As in the ventral valve the area

formed a thin shelf, as shown by the cast of the undercut extending well over the area in

several of the specimens; the cast of the broken edges of the undercut between the areas is

shown by Plate XXVI, figures lb, Ic, Id.

The cast of the interior of the ventral valve (PI. XXVI, figs, lb and Ic) shows the strongty

defined, narrow, visceral area (v), the trapezoidal area (c) in which the central, middle, and
outside lateral muscle scars occur, also the anterior lateral muscle scars (j), and unusually

strong main vascular sinuses (vs). In a specimen which is not illustrated, apparent lines of

growth occur on the ridge in front of the trapezoidal area (c), a feature that is present in L.

hayesi (Walcott) and Oholus matinalis (Hall). In a dorsal valve the relatively narrow central

vascular area extends forward nearty to the center of the shell (PI. XXVI, fig. Id); central (h)

and anterior lateral (j) scars are faintly indicated, also transmedian (i) scars, and the median
septum (s); the main vascular sinuses (vs) are unusually deep and well defined.

Observations.—This species at first inspection might be taken for Lingulella ampla (Owen)
(PL XXVIII). It occurs at the same horizon in association Avith Dicellomus politus (Hall).

It differs in having a broader and less elongate shell, with the visceral area of the dorsal

valve terminating near the center instead of forward of the center, and, as far as can be deter-

mined from the material at hand, in having a tliicker shell. It also averages about one-fourth

less in size.

Formation and locality.—TTpper Cambrian: (98 and 98x)a "St. Croix sandstone" near Eau Claire, Eau Claire

Coimtij; and (88a) "St. Croix sandstone" 25 feet (7.6 m.) above the water level near the Knapp, Stout and Company's
buildings, Menomonie, Dunn County; both in Wisconsin.

(84a) "St. Croix sandstone " at River Junction, Houston County, 20 miles (32.2 km.) below Dresbach, Minnesota.

Lingulella pogonipensis (Walcott).

Plate XX, figures 3, 3a-c.

Oholus {Lingulella) pogonipensis Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 411^12. (Described and dis-

cussed as below as a new species.)

Shell rather large, general form ovate, almost ovate cuneate in the ventral valve; dorsal

valve more ovate. Valves moderately convex. Surface of the shell marked by numerous
concentric lines and striae of growth, and very fine radiating striae; the finer concentric striae

are slightly irregular, but not nearly so much so as in many species of the genus. The outer

a. 98x is the type locality.
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surface of the inner layer is marked by very fine radiating striae, also concentric lines of growth.

The shell is below the average thickness and is formed of a thin outer layer and one or more
inner layers or lamellae.

The largest ventral valve has a length of 15 mm.; width, 11 mm. As shown by a partial

cast the area is of medium length, and divided midway by a narrow, strongly marked cast of

the pedicle furrow.

Observations.—In form the valves of this species somewhat resemble those of Lingulella

ampla (Owen) (PI. XXVIII), and more closely those of L. isse (Walcott) (PI. XXXIX). In

the absence of all interior markings no further comparisons can be made.

The species derives its specific name from its occurrence in the Pogonip limestone.

Formation and locality.—Passage beds l^etween the Upper Cambrian and the Ordovician: (801) Arenaceous

Pogonip limestone, on east slope of ridge east of Hamburg Ridge; (205) siliceous limestone on Roundtop Mountain;

(203a) limestones at base of Pogonip limestone, in the spur on Hamburg Ridge extending out southwest from Wood
Cone; and (211) siliceous Pogonip limestone, on spur of Hamburg Ridge extending southwest fi'om Wood Cone; all

in the Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Specimens somewhat doubtfully referred to this species occur at the following localities:

ITpper Cambrian: (32f) Thin-bedded siliceous limestones near the top of the Upper Cambrian, about 2 miles

(3.2 km.) southeast of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele County,

Utah,

TTpper? Cambrian: (358a) Siliceous limestone in Pinal County, Arizona.

Lingulella prima (Conrad MS.) (Hall).

Plate XXVII, figm-es 1, la-c,

Lingula ovata Emmons [not McCoy], 1842, Nat. Hist. New York, Geology, pt. 2, p. 105. (Mentioned.)

lAngula prima (Conead MS.) Hall, 1847, Nat. Hist. New York, Paleontology, vol. 1, p. 3, PL I, fig. 2. (Described

and discussed. It is the first description of the fossil, though no reference is made to the fact that it is a new
species.)

I/ingula prima Hall, Emmons, 1855, American Geology, vol. 1, pt. 2, p. 202. (Described.)

Lingulepis privia (Hall), Miller, 1877, American Paleozoic Fossils, Catalogue, p. 115. (Merely changes generic

reference.)

Obolella prima (Hall), Whitfield, 1884, Bull. Am. Mus. Nat. Hist., vol. 1, No. 5, pp. 142-143, PI. XIV, figs. 3-5.

(Discussed.)

Lingulella f prima (Hall), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 69, footnote.

(Discussed.)

Lingulepis prima (Hall), Schuchert (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 260. (Merely changes generic

reference. Includes species other than Hall's "Lingula prima.")

Obolus (Lingulepis) primus (Hall), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes generic

reference.)

General form subovate with the ventral valve subacuminate and the dorsal valve broadly

subacuminate. There is a tendency in some individuals to a subcuneate outline. Valves

moderately convex, increasing in some shells to almost strongly convex. There is some range

of variation in the outlines of the valves, as shown by Plate XXVII, figures 1 and la. The
surface of the shell is marked by concentric lines and small undulations of growth and by very

fine radiating striae. Wlien the outer layer is exfoliated the inner layer is seen to be marked
by sharp radiating striae and a few CQncentric lines of growth. The interior surface shows
fine radiating striae and a few scattered pits. The shell is of medium thickness and formed
of a thin outer layer and several inner layers, or lamellae, which are more or less oblique to the

outer layer; the lamellae are much more numerous toward the margins and form a rather thick

rim around the anterior and anterolateral margins. The average length of the ventral valve

is 5 mm., width 4 mm. The dorsal valve is slightly shorter in proportion to its width.

As shown in the interior casts the area of the ventral valve is relatively short; it is divided

at the center by a rather strongly marked pedicle furrow and well out toward its margins by
clearly defined flexure lines. Faint traces of striae of growth cross the area parallel with its

base; the area of the dorsal is not shown in any of the specimens in the collection.

The cast of the interior of the ventral valve shows the visceral cavity (v), the trapezoidal

area (c), and the rather strong median ridge, which extends from the area forward to the anterior
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margin of the visceral area. This ridge corresponds to a median groove passing anteriorly

into the heart-shaped cavity. There are no clearly defined muscle scars in any specimen in

the collection, although the trapezoidal area in the ventral valve, in which the central, middle,

and outside lateral muscle scars usually occur, is fairly well preserved in one sjDecimen. None
of the casts of the dorsal valve show more than the cast of the median ridge or septum. Of
the markings left on the shell by the vascular system only the main vascular sinuses have

been preserved on the cast of the ventral valve.

Ohservations.—This is a small but striking species that occurs in the sandstones east of

the Adirondack Mountains. In outline and form it may be grouped with LiiiguLella ferruginea

Salter and L. bellula (Walcott) (PI. XIX). It is a larger and more acuminate shell than

L. ferruginea, and its dorsal valve is distinguished from that of L. hellula by being shorter

and broader anteriorly. It occurs quite abundantly in the thin beds of hard sandstones at

Ausable Chasm, below Keeseville, Essex County, New York, associated with Ptychoparia minuta

and L. (Lingulepis) acuminata (Conrad) (?). The interior of the ventral valve resembles typical

forms of Obolus more nearly than the typical forms of Lingulella. This may be'due to the state

of preservation or it may be that, despite the Lingula-\\\<ie outlines of the valves, it is more a

true Oholus in its interior markings as these are developed in 0. matinalis (Hall). (Compare
PI. VIII, fig. le, with PL XXVII, fig. 1.)

Whitfield [1884, p. 142] referred the species to the genus Oholella. There is a strong

resemblance between the dorsal valve of the species and that of some of the species of Oholella,

but a careful study of a large amount of material shows that this resemblance is confined to

the dorsal valve. He also refers "Oholella nitida" Ford to this species, but "0. nitida" is a

true Acrotreta and occurs in the lower portion of the Olenellus fauna of the Lower Cambrian,

and Lingulella prima (Hall) is from the Upper Cambrian.

Dwight [1886, p. 208] mentions "Oholella (Lingulella) prima" as occurring in "Potsdam"
strata at Poughkeepsie, New York, but inasmuch as he does not describe the specimen, and
the form has not been found in other extensive collections that have been made there, the

reference is considered as exceedingly doubtful. I think Dwight had small specimens of the

dorsal valve of Lingulella (Lingulepis) acuminata (Conrad), which occurs at the locality at

Poughkeepsie.

Formation AND LOCALITY.—Tipper Cambrian : {n)"- Sandstone near the water below the falls at the high bridge,

and also at several horizons in the section, the highest point being 70 to 75 feet {21 to 23 m.) above the water, in Ausable

Phasm; (367f) sandstone at French Creek, 1 mile (1.6 km.) east of Keeseville; (367g) sandstone in the bed of the

brook, in the suburbs of Port Henry; (367h) Rosses Bridge, 4 miles (6.4 km.) west of Essex; (136) Potsdam sandstone

in bank of stream opposite the first switch on the Port Henry and Maine Railroad out of Port Henry; and (338t^

Potsdam sandstone in Ausable Chasm, below Keeseville; all in Essex County, New York.

^^ Lingulella? primleva Hicks.

Plate XXXI, figures 5, 5a.

Lingulella primxva Hicks, 1871, Quart. Jour. Geol. Soc. London, vol. 27, p. 401, PI. XV, figs. 13 and 14. (Described

as a new species.)

Lingulella primxva Hicks, Salter and Etheridgb, 1881, Mem. Geol. Survey Great Britain, vol. 3, 2d ed., p. 538.

(Localities mentioned.)

Lingulella primxva Hicks, 1881, Popular Science Review, new ser., vol. 5, p. 297. (Mentioned only.)

Lingulella primxva Hicks, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 208, PI. XVII, figs. 33 and
34. (Described and discussed. Fig. 33 is drawn from the specimen figured by Hicks, 1871, PI. XV, fig. 14.

Figs. 33 and 34 are reproduced in this monograph, PL XXXI, figs. 5a and 5, respectively.)

This species is rather doubtful, owing to its condition of preservation, which renders it

quite difficult to make any comparison with other described species. It occurs in association

with L. ferruginea Salter, but is a much larger species.

Formation and locality.—Middle? Cambrian: (366c) "Caerfai group" [Salter and Etheridge, 1881, p. 538'] at

Caerfai, Nuns Sill, and Porthclais Harbor, all south of St. Davids; and (318i) red shales of the Caerfai group at St.

Davids; both in South Wales.

o77 is the type locality, though the specimens in the United States National Museum collections to which that number is assigned

were collected later than the type specimens.
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LiNGULELLA PUNCTATA (Walcott).

Plate XX, figures 6, 6a.

Lingulaf manticula Walcott [not White], 1884, Mon. U. S. Geol. Survey, vol. 8, pp. j.rf-X4, PL IX, fig. 3, and PI.

XI, fig. 2. (Discussed. The specimens represented by PI. IX, fig. 3, and PL XI, fig. 2, are redrawn in this

monograph, PI. XX, figs. 6 and 6a, respectively.)

Obolus (Lingulella) punctatus Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 412-413. (Described as below as a

new species.)

General form ovate, with the ventral valve subacuminate. Valves moderately convex,

with the dorsal valve having a slightly depressed median sinus that extends from near the

umbo to the anterior margin. Surface of shell marked by lines and striae of growth, and very

fine, slightly undulating stride; also a few faintly indicated radiating strise; when the outer

layer is exfohated the outer surface of the inner layer is seen to be marked by numerous and

very fine radiating striae, in addition to the concentric fines of growth; the interior of the

shell, as shown by the casts, was strongly pitted or punctate, the punctae being arranged in

concentric lines following the lines of growth. The shell is relatively thin and formed of a

thin outer layer and one or more thin inner layers or lamellae.

The type specimen of the ventral valve has a length of 9 mm., width 6.5 mm. An asso-

ciated dorsal valve has a length of 7 mm., width 5.5 mm.
The only interior that shows anything more than the punctate surface is that of the dorsal

valve. In this the area is partly shown; it is relatively short and marked by fine striae par-

allel to its base, and two imperfectly developed flexure lines. The cast of a narrow median

septum is weU shown, and on each side of it the naiddle lateral muscle scars. The path of

advance of the central muscle scars is quite plain, also one of the scars. The only trace of

the vascular system is a portion of a main vascular sinus.

This form owes its specific name to the concentrically punctate interior of the shell.

Formation and locality.—Upper Cambrian: (3f) Limestone at summit of canyon, 10 miles (16.1 km.) south

of Egan Canyon, east side of Egan Range, White Pine County; (8o) limestone on the slope of the ridge where the range

swings around to the northwest, 2 miles (3.2 km.) north of Aurum, Schell Creek Range, White Pine County; (61)

limestone in the Dunderberg shale [Walcott, 19081, p. 184], a little south of the Hamburg mine, Eureka district

[Hague, 1892, Atlas], Eureka County; and (62) limestone in the Dunderberg shale [Walcott, 19081, p. 184], in canyon

immediately north of Adams Hill, Eureka district [Hague, 1892, Atlas], Eiu:eka County; all in Nevada.

Middle Cambrian: (7i) Limestone just west of the summit on the road east of Schellbourne, Schell Creek Range,

White Pine County, Nevada.

(54) Eldorado limestone [Walcott, 19081, p. 184], on east slope of Prospect Mountain, in New York Canyon;

(57) shaly limestone in the Eldorado limestone [Walcott, 1908f, p. 184], at the 700-foot (213.4 m.) level in the Rich-

mond mine, Ruby Hill [Hague, 1892, p. 43, and PL I, opposite p. 116]; and (58) shaly limestone in upper beds of

Secret Canyon shale, east side of Neio York and Secret canyons; all in the Eureka district [Hague, 1892, Atlas], Eureka

County, Nevada.

Lingulella quadrilateralis (Walcott).

Plate XXXIX, figures 6, 6a.

Obolus (Lingulella) quadrilateralis Walcott, 1905, Proc. U. S. Nat. M-iz., vol. 28, p. 331. (Described and discussed

as below as a new species.)

General form rounded, quadrilateral; valves moderately convex. Surface marked by con-

centric fines and ridges of growth with fuie striae between. The surface of the inner layers

of the shell is shiny and marked by fine radiating striae in addition to the concentric lines.

The shell is rather thin; it is built up of several layers.

Observations.—This species differs from other described species by its subquadrilateral

outfine. In this respect it may be compared with Obolus ( Westonia) cliuarensis (Walcott) (PI.

XXV), from which it differs in having a thinner shell and different surface markings.

Formation and locality.—Middle Cambrian: (91) Conamuga {"Coosa") shale, at Cedar Bluff, Cherokee County;

and (56q) limestone at the very top of the Conasauga limestone, in quarry at Ketona, about 5 miles (8 km.) northeast

of Birmingham, Jefferson County; both in Alabama.

(140a) Shales 200 yards (182.9 m.) east of Thomas Mills, 5 miles (8 km.) north of Cave Spring, Floyd County,

Georgia.
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LiNGULELLA RADULA MattlieW.

Plate.XLV, figures 1, la-1.

Lingulella radula Matthew, 1891, Trans. Roy. Soc. Canada, 1st ser., vol. 8, sec. 4, ISlo. b, pp. 147-148, PL XV, figs.

7a-b and 8a-e. (Described and discussed as a new species. PI. XLV, figs. 1, la, lb, Ic, and le, are drawn

from specimens in Matthew's type material, but further identification is impossible.)

Lingulella radula aspera Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 204-205,

PI. XV, figs. 2a-d. (Described and discussed as a new variety.)

General form ovate cuneate, with the ventral valve subacuminate and the dorsal valve

broadly ovate in outline; valves apparently moderately convex, but this is uncertain, as the

shells have all been compressed in the arenaceous shale. Surface marked by concentric lines

of growth and very fine, irregular striae. It is the type of surface of Oholus ( Westonia) ella

(Hall and Wliitfield) or Lingulella (Lingulejns) gregwa (Matthew) , reduced so that the surface,

under a strong magnifier, has a roughened or minutely papillose appearance. Matthew [1891,

p. 148] describes it as due to wavy squamose ridgelets having the edges and points directed

forward, as in Botsjordia pulclira (Matthew). Owing to tliis roughened surface the outer layer

of the shell usually adheres to the matrix, leaving the dark, shiny surface of the inner layer.

The inner surface is niarked by concentric rows of punctse and fine radiating striae. The

shell is of medium thickness and formed of a thin outer layer and several inner layers or lamellae,

wliich are more or less oblique to the outer layer on the anterior half of the shell, One of the

largest ventral valves has a length of 10 mm., width 8 mm.; a large dorsal valve has a length

of 9 mm., width 8 mm.
The cardinal area and pedicle groove are usually obscured by the adhei'ing fragments of

shell. The pedicle groove is strong and narrows graduallj^ as it crosses the long area of the

ventral valve. The area of the dorsal valve is short and broad.

The cast of the visceral cavity (v) is preserved in a number of specimens. In Plate XLV,
figures 1 and li, the heart-shaped pit (x), so characteristic of Oholus and of Lingulella acutangula

(Roemer), is clearly outlined. A narrow median septum (s) is found in the dorsal valve (PI.

XIjV, figs. Ij and 11), and the anterior lateral muscle scars (j, fig. li) are clearly shown in the

ventral valve. The centrals, middle laterals, and outside laterals can not be differentiated in

the trapezoidal area (c) in front of the heart-shaped pit. On the dorsal valve the centrals (h,

figs. Id, Ij, and 11) and anterior laterals (j, fig. Ij) are finely preserved.

Considerable portions of the markings of the vascular system are preserved on the casts

of the interior of the valves. The main vascular trunks of the ventral valve are shown by

figures 1, la, and Ic, and the position of the parietal scar is also seen at ps (figs, la, Ic, and li).

Observations.—Doctor Matthew sent me the types of this species for study and illustration.

1 have not been able to interpret some of the interior markings in the manner that his figures

indicate, but this is not unexjDected when the obscure character of most of the specimens is

considered. Wlien at St. John, in 1877, 1 collected a large number of specimens of this species,

and, as they are somewhat better preserved than the types, drawings have been made of the

casts of the interiors of three ventral valves and one dorsal valve.

The variety, spoken of by Matthew [1903, p. 204], from the lower portion of Division 2c

shows the outer surface unusually well preserved, but I do not think it is a distinct species

or worthy of a varietal name. In the collections made by Loper on McPhees Brook, Division

2 of Matthew's section, there are small specimens that correspond to Matthew's variety asfera

collected on McNeil Brook; also adult specimens. The horizon is much lower, according to

Matthew's sections, but the specimens are very much alike from the two localities.

Formation and locality.—Middle Cambrian: (301y) Shaly sandstones of Division C2c of Matthew, east side of

Courtney Bay, St. John; and (301x) sandstones of Division C2c of Matthew, in the city of St. John; both [Matthew,

1891, p. 148] in New Brunswick.

(307c [Matthew, 1903, p. 205]) Sandstones probably belonging with Division C2c of Matthew, on Mira Riverj and

(307^) sandstone on McPhees Brook; both in eastern Cape Breton, Nova Scotia, Canada.

62667°—VOL 51, PT 1—12 34
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LiNGULELLA RANDOMENSIS (Walcott).

Plate XXI, figures 5, 5a.

Obolus (Lingulella) randomensis Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 688-689. (Described and discussed

as below as a new species.)

General form elongate ovate; ventral valve rather broadly subacuminate, and the dorsal

valve slightly acuminate. The widest portion of the valves is the anterior third, from which

they very gradually narrow toward the cardinal slopes. The convexity of the valves is mod-
erate and uniform and nearly the same in each. Surface of the shell marked by fine concentric

striaB, and rather strong lines of growth, also fine radiating striaj. The shell is formed of a few

thin lamella or layers, as far as can be determined from tlie fragments preserved on the casts

in the sandstone. The longest ventral valve in the collection has a length of 10 mm. with a

maximum width of 6 mm. The dorsal valve is slightly shorter.

As shown by the interior cast the area of the ventral valve is rather long, and extends

well forward on the cardinal slopes. It is divided at the center by a narrow pedicle furrow

and midway by a very slight flexure line. The base of the area curves backward over the

margin, arclfing slightly forward before reaching a rather deep indentation at the center. The
strife of growth cross the area parallel to its base. They are very sharp and fuie and quite

uniformly distributed over the area. Ai-ea of the dorsal valve unknown.

Observations.—This pretty species occurs in great numbers in thin layers of brown sand-

stone embedded in a dark shale a short distance below the Olenus zone. In form it resembles

Lingulella mosia osceola (Walcott) (PI. XVIII, figs. 2 and 2c). It diff'ers from it in having a

narrower pedicle furrow and, when comparing a large number of specimens, in being slightly

more elongate. It is proportionately narrower toward the beak.

The species derives its specific name from its occurrence on Random Island.

Formation and locality.—Upper Cambrian: (6y) Sandstone on north side of Random Island, between Birch

and Sandy points. Smith Sound, Trinity Bay, Newfoimdland.

I

Lingulella rotunda (Matthew).

Plate XXXVII, figures 3h-k.

Lingulepis rotunda Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 199, PL XIV,
figs. 4a-f. (Described and discussed as a new species.)

This small species is marked by its nearly circular, convex dorsal valve. The inner

surface of the shell is strongly punctate, but I could not find the minute tubercles on the

outer surface of the dorsal valve described by Matthew. The outer surface, where preserved,

appears to be smooth or marked by concentric strise.

Formation and locality.—Kiddle Cambrian: (325a [Matiheio, 1903, p. 199]) Shales of Division C2c of Mattheio's

[1903, p. 49] Bretonian, on the eastern slope of the valley of McNeil BrooTc, on the road to Trout Brooh, in the Mira River

valley; (31) in compact, fine-grained, thin-bedded, gray sandstone, of the Paradoxides zone, on McLean Brook, 1 mile

(1.6 km.) east of McCodrum Brook, and 1.5 miles (2.4 km.) west of Marion Bridge; and (325c) sandstone on the shore

of Bras d'Or Lake; all in eastern Cape Breton, Nova Scotia, Canada.

,/ Lingulella schucherti (Walcott).

Plate XXI, figure 6.

Obolus (Lingulella) schucherti Walcott, 1901, Proc. U. S. Nat. Mus., voL 23, pp. 689-690. (Described and discussed

as below as a new species.)

General form elongate ovate, ventral valve subacuminate and the dorsal valve elongate

ovate in outline. Surface marked by fine concentric striae, and rather strong concentric undu-

lations or lines of growth ; also fine radiating striae, and on some specimens indistinct, radiating,

rather narrow, depressed furrows.
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The outer surface of the inner layers shows radiating strias and concentric lines of growth.

The radiating striae are also present on the inner surface outside of the area of the vascular

cavity.

The shell is thick and formed of a thin outer layer and several thin inner laj^ers or lameUse

arranged very much as in other shells of the genus lAngulella. The largest ventral valve has

a length of about 11 mm.; Avidth, 7 mm. A dorsal valve 8 mm. in length has a width of

5.5 mm.
Casts of the interior of the ventral valve show a well-marked area, with a broad, strong

pedicle furrow. The base of the area arches stronglj^ forward. Just at the center, across the

pedicle furrow, however, it has a slight backward arch. None of the specimens show the

flexure line or the extent of the area along the cardinal slopes of the valve. The area of the

dorsal valve is unfaiown. None of the characters of the visceral cavity or vascular marldngs

are shown with sufficient clearness to describe them. A tubercle on each side of the median
line, just in advance of the area, indicates the main vascular sinus, and a depression tlie position

of the anterior portion of the visceral cavity.

Observations.—This is probably the oldest species of the genus Lingulella. It is associated

with Botsfordia cselata (Hall), ElliptocepJiala asapTioides Emmons, and other characteristic

species of the Lower Cambrian. In its elongate dorsal valve it recalls Obolus rhea Walcott

of the Middle Cambrian (PL IX, figs. 1, la-c). It differs from that species in the character of

the shell and the outline of the valve.

The specific name is given in honor of Prof. Charles Schuchert, who collected the only speci-

men of the species known to me.

Formation and locality.—lower Cambrian: (367) Conglomerate and limestone, Troy, Rensselaer County,

New York.

Lingulella siemiradzkii (Walcott),

Plate XXXI, figm-es 2, 2a.

Lingula sp. cf. exunguis Eichwald, Siemiradzki, 1886, Jahrb. K.-k. geol. Reichsanstalt for 1886, Bd. 36, Hft. 4,

p. 672. (Mentioned in German.)

Lingula cf. exunguis Eichwald, Gukich, 1892, Neues Jahrb. filr Mineralogie, Bd. 1, p. 69. (Mentioned in German.)

Lingula sp. Lingula aff. exungui Eichwald, Gurich, 1896, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser.,

Bd. .32, p. 214. (Discussed.)

Obolus {Lingulella) sieiniradzkii Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 690-691. (Discussed as below

as a new species.)

Attention was called to this species by Siemiradzki [1886, p. 672] in connection with his

study of the Paleozoic rocks of the Mittelgebirge of Poland. He speaks of it as "Lingula sp."

in the black conglomerate, and compares it with " L. exunguis Eichwald." In the associated

gray sandstone he fornid an Oiolus which he says is identical with "0. siluricus Eichwald."

Gurich discusses the Cambrian of Sandomierz in a paper on the Paleozoic of the Mittel-

gebirge, and mentions [1896, p. 17] Siemiradzki's discovery of fossils in the lower sandstones

and shales.

Giirich added greatly to the fauna found by Doctor Siemiradzki. He mentions [1896,

p. 17] Paradoxides cf. tessini, P. hohemicus, Agnostus fallax, A. gihius, and Liostracus linnars-

soni, and refers the fauna to the Middle Cambrian. The "Lingula" he compares [1896, p. 214]

with "Lingula crassa Eichwald," calling attention to the resemblance in the surface charac-

ters; also to those of Lingulella davisi (McCoy).

This is a small shell belonging to the group of species containing Lingulella ferruginea

Salter, L. des'lderata (Walcott), etc. The outer surface is marked by concentric, slightly undu-
lating, and imbricating striae of growth, and the outer surface of the inner layers by fuie radiat-

ing striee. The general form and other characters are represented in Plate XXXI, figures 2

and 2a.

Through the kindness of Dr. Fr. Schmidt I received a fragment of gray quartzitic sand-

stone containing a large number of specimens of the "Lingula" of Siemiradzki. The shell
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proves to be a true Lingulella. In the same piece of rock an obscure form of Oholus occurs

that may be a medium-sized Oholus apollinis Eichwald. I take pleasure in naming the Lin-

gulella after its discoverer, Dr. J. S. Siemiradzki.

Formation and locality.—Middle Cambrian: (368) Quartzitic sandstone in tlie Pepper Mountains, near

Sandomierz, on the Vistula, Russian Poland.

Lingulella ? signata (Barrande).

Plate XXX, figure 11.

Lingula ? signata Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, p. 103, fig. 73. (Described

and discussed in French as a new species. Fig. 73 is reproduced in this monograph, PL XXX, fig. 11.)

Lingula f signata Barrande, 1868, Neues Jahrb. fiir Mineralogie for 1868, p. 692, unnumbered plate, fig. 73. (Copy

of preceding reference.)

This species is doubtfully referred to Lingula by its author. It is oval in outline, with

a strongly arched surface. Where the shell is partly removed two small, elongate impres-

sions are seen near what is supposed to be the posterior portion of the valve, and on the front

portion of the shell a longitudinal groove. Barrande [1868a, p. 103] remarks that the latter

recalls the perforation of Discina; but it is not perforated, as the shell continues over the

entire surface of the depression. The aspect of the shell is homy and without ornamentation.

Length, 2.5 mm.; width, 2 mm.
It is very doubtful if this species should be refeiTed to Lingulella, but it may possibly

be a rounded dorsal valve somewhat like that of L. mosia (Hall), L. ferruginea Salter, or Lingu-

lella (Lingulepis) acuminata (Conrad).

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

1868a, p. 103]) Suburbs of Hof, Bavaria, Germany.

Lingulella similis (Walcott).

u
Plate XXI, figures 2, 2a-j, 3, 3a-d.

Oholus (Idngulella) similis Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 41.5-416. (Described and discussed

as below as a new species.)

Shell small, general form ovate, with the ventral valve subacuminate, and the dorsal

valve rounded ovate in outline. There is some variation m the outline of the valves; this

may be seen by comparing Plate XXI, figxires 2 and 2b, of the ventral valve, and figures 2a

and 2c of the dorsal valve. Surface of the shell marked by concentric lines of growth and

very fine, slightly irregular, concentric striae. Where the outer surface is well preserved, fine

radiating striae may be seen with a strong magnifying glass. When the outer layer of the

shell is exfohated the outer surface of the inner layer is marked by fine concentric lines and

very fine numerous radiating striae; the inner surface of the shell shows concentric lines of

growth and faint, scattered pits or punctse. The shell is of medium thiclaiess and formed

of a thin outer layer, with one or more inner layers or lamellae. The latter are especially prom-

inent toward the front, where they have essentially the same arrangement as in Lingulella

acutangula (Roemer). The average length of the ventral valve is from 4 to 5 mm.; width,

2.5 mm. An associated dorsal valve 4 mm. m length has a width of 3 mm.
A cast of the interior of a ventral valve shows a clearly defined area of medium length.

It is divided midway by a cast of a narrow, strong pedicle furrow, and on each side by fiexure

lines situated about two-thirds the distance from the pedicle furrow to the lateral margin;

a few indistinct strias cross the area parallel with its base. The area of the dorsal valve as

seen in a cast is well defuied and rather large; it is marked by fine, transverse striae of growth

and indistinct flexure lines. A cast of the interior of the dorsal valve shows a trace of the

visceral cavity and a narrow median septum. The only muscle scars observed are the two

umbonal scars in the ventral valve (g), figure 2, and the central (h) and the anterior lateral

scars (j) of the dorsal valve, figure 2a.
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Ohservations.—This very pretty little species occurs in abundance in the compact gray

limestone of the Black Hills associated with numerous fragments of trilobites and Dicellomus

nanus (Meek and Hayden). The more elongate forms strongly resemble Lingulella peratten-

uata (Whitfield), which occurs in the Middle Cambrian sandstones on the southern margin
of the Black Hills. The species differs, however, from the latter in being more ovate and
in having the dorsal valve more obtusely rounded posteriorly. This species may be also com-
pared with L. desiderata (Walcott) and L. manticula (White). When flattened in the shales

it is difficult to distinguish it from L. desiderata.

A small shell occurs in the "St. Croix sandstone" of the upper Mississippi region that

appears to be identical with this species, Both in its typical form and in its comparatively

wide range of variation. With the somewhat abundant supply of material from both the

Black Hills and Wisconsin, I am imable to determine any specific differences that are con-

stant. The same is true of the form in the limestones south-southwest of Potosi, Missouri,

where it is associated with Linnarssonella girtyi Walcott.

The same range of variation occurs in shells frora the limestone in the upper part of the

Keagan sandstone of Oklahoma, and apparently they are identical.

In the shaly sandstones of the Rome formation in Tennessee casts of an apparently iden-

tical form occur (PI. XXI, figs. 3, 3a-d). The variation between the Tennessee and South
Dakota shells does not appear to be greater than the range of variation among the shells from
the same locality in the Black Hills and the localities where it has been identified in Wisconsin
and Minnesota.

In a limestone at the north end of the Quinn Canyon Range, Nevada, J. E. Spurr, of the

United States Geological Survey, collected a number of small shells that appear to be identical

with this species. The shells are well preserved and have the general form of surface charac-

teristic of the species. A single specimen of a larger ventral valve has all the characteristics

of L. Tnanticula (White).

A shell from Middle Cambrian limestones at Mount Nebo, Wasatch Range, Utah, is doubt-
fully referred to this species. It is associated with Micromitra (Iphidella) pannula (White)

and Acrotreta nehoensis Walcott.

Tliis form owes its specific name to its marked resemblance to several other forms, from
each of which, however, it is distinct.

Formation and locality.—Tipper Cambrian: (12m) Arbuckle limestone (in the section 7 miles (11.2 km.) north,

of Springer this horizon is about 30 feet (9.1 m.) above the Reagan sandstone), in NE. ^ sec. 2, T. 2 S., R. 1 E., Ard-
more quadrangle (U. S. Geol. Survey), Carter County, Oklahoma.

(12n) Limestone of the Reagan sandstone (in the section 7 miles (11.27 km.) north of Springer this horizon is

about 240 feet (73 m.) above the porphyry contact and 40 feet (12 m.) below the Arbuckle limestone), NW. { sec. 1,

T. 2 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Survey), Carter County; (12k) limestone of the Reagan sand-

stone (in the section 7 miles (11.2 km.) north of Springer this horizon is about 225 feet (69 m.) above the porphjay
contact and 55 feet (17 m.) below the Arbuckle limestone), on the west side of Honey Creek, near the southeast corner

of sec. 35, T. 1 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Sm-vey), Carter County; (12p) about 225 feet (69 m.)
above the igneous rocks in the limestone of the Reagan sandstone, at the northwest extremity of the Arbuckle Moun-
tains, about 4 miles (6.4 km.) east of Homer, Carter County; all in Oklahoma.

(9r) About 45 feet (14 m.) above the porphjTy contact in the limestone of the Reagan sandstone, SE. J NE. J
sec. 2, T. 4 N., R. 13 W.; (9s) about 85 feet (26 m.) below the Arbuckle limestone in the limestone of the Reagan sand-
stone, middle of west half of sec. 13, T. 4 N., R. 13 W.; (9t) about 170 feet (52 m.) above the porphyry contact in the
limestone of the Reagan sandstone, SE. } NE. } sec. 2, T. 4 N., R. 13 W.; and (9u) about 195 feet (59.4 m.) above
the porphyry contact in the limestone of the Reagan sandstone, SE. J NE. J sec. 2, T. 4 N., R. 13 W.; all about 15
miles (24.2 km.) northwest of Fort Sill, Comanche County, Oklahoma.

(328a) "St. Croix sandstone" 4 miles (6.4 km.) north of Winfleld; and (97a and 97c) "St. Croix sandstone"
near Winfield; both in Jefferson County, Wisconsin.

(78b) "St. Croix sandstone" 50 feet (15.2 m.) above St. Croix River, near the landing at Osceola, Polk County;
(328n) "St. Croix sandstone" 2 miles (3.2 km.) south of Osceola, Polk County; and (80a) "St. Croix sandstone"
4 miles (6.4 km.) north of Reedsburg, Sauk County; all in Wisconsin.

(86a) "St. Croix sandstone" near Redwing, Goodhue County; (339d) "St. Croix sandstone" at Taylors Falls,

Chisago County; (82c) conglomerate beds in the "St. Croix sandstone" in point below Franconia, Chisago County;



534 CAMBRIAN BRACHIOPODA.

(97s) "St. Croix sandstone" at Franconia, CMsago County; and (97) "St. Croix sandstone" at Reads Landing, foot of

Lake Pepin, Wabasha County; all in Minnesota.

Middle Cambrian: (7j) Limestones at the north end of the Quinn Canyon Range, 1 mile (1.6 km.) northwest of

the Italian Ranch foothills, Nye County, Nevada.

(360d) Siliceous limestones near Pike View, north of Colorado Springs, El Paso County, Colorado.

(355a) Shales in Bear Gulch Valley; (88a) limestone about 100 feet {S0.5 ?)i.) aiove the quartzitic sandstone at the

hose of the Cambrian in the northern suburbs of Deadwood; (165) limestone on the east side of the valley, in railroad cut

about. 1 mile (1.6 km.) below the main part of Deadwood; and (17j) limestone in the east end of the town of Galena;

all in the Black Hills, South Dakota.

(lie) Thin-bedded limestones south-southwest of Potosi, Washington County, Missouri.

(10a) Sandy layers of the Rome formation, in western railroad cut through Shocks Gap, and (106) shales of the

Rome formation, on the roadside at the eastern base of Shooks Gap; both in Bays Mountains, 10 miles (16.1 km.) south-

east of Knoxville [Keith, 1895, areal geology sheet], Knox County, Tennessee.

(9a) Limestone on the south shore of the Holston River at Melinda Ferry, 5 miles (8 km.) southwest of Rogers-

ville [Keith, 1896a, areal geology sheet], Hawkins County, Tennessee.

(14a) Sandstone of the Rome formation along First Creek Gap, 4 miles (6.4 km.) north-northeast of Knoxville

[Keith, 1905, areal geology sheet], and (374) in the suburbs of and 4 and 11 miles (6.4 and 17.7 km.) north-northeast

of Knoxville; both in Knox County, Tennessee.

(138) Shale in the street northeast of Printuf House, Gadsden, Etowah County, and (145) shale in bluff on

Coosa River east of Turkeytown, 8 miles (12.8 km.) northeast of Gadsden, Etowah County; both in Alabama.

(362a) Sandy shale a short distance west of Cave Spring; (138a) shales in the Rome formation west of the ceme-

tery west of Rome; and (140c) shales at edge of hill on the road leading west of Cave Spring; all in Floyd County,

Georgia.

Specimens that are somewhat doubtfully referred to this species occur at the following

localities

:

Middle Cambrian : (14t) Limestone lying on slope between the Cambrian quartzite and the massive blue lime-

stone 100 feet (30.5 m.) above. Mount Nebo Canyon, 3 miles (4.8 km.) southeast of Mona, Juab County, Utah.

(92x) Conasauga ("Coosa") shale, at Yanceys Bend, Coosa River; and (90) Conasauga ("Coosa") shale on

Edwards's farm, near Craigs Mountain; both southeast of Center, Cherokee County, Alabama.

U'-
LiNGULELLA? SIMPLEX (Barraude).

Plate XXXII, figures 4, 4a-b.

Lingula simplex Barrande, 1879, Systeme silurien du centre de la Boheme, vol. 5, pt. 1, PI. CIV, figs, vi: 1-4. (Not

described, but figured as a new species. Figs. lA, 4A, and 4B are reproduced in this monograph, PI. XXXII,
figs. 4, 4a-b, respectively.)

This species, like Lingulella? insons (Barrande), is one of the forms that, with the present

evidence, is probably to be referred to Lingulella. All that is known to me of the species is shown

in the figures copied from Barrande.

Formation and locality.—Lower Ordovician : (303a) Etage D3 at Trubin ; and (303p) Etage ds in the environ-

ofBeraun; both [Barrande, 1879b, PI. CIV] in Bohemia, Austria-Hungary.

Lingulella tarpa (Walcott).

Plate XXIII, figures 2, 2a-c.

Obolus (Lingulella) tarpa Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, pp. 417^18. (Described and discussed as

below as a new species.)

General form elongate ovate, with the ventral valve subacuminate, and the dorsal valve

ovate in outline. There is considerable range of variation in the outline of both valves, owing

in part, possibly, to distortion. The convexity of the two valves is fairly strong, as far as

can be determined from the somewhat compressed condition of the shells in the shale and

calcareous sandy shales. The largest ventral valve in the collection has a length of 14 mm.
The average length of the ventral valve is from 10 to 12 mm. One 11.5 mm. in length has a

width of 8 mm.
None of the specimens of the collection show the outer surface, and only traces of con-

centric and radiating lines have been observed on the inner surface. The shell appears to be

moderately thick, and formed of numerous lamellge that were oblique to the outer layer in the
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anterior portions of the shell, in this respect resembling the shell of Lingulella acutangula

(Eoenier) (PI. XVII, figs. Im, lo).

Casts of the interior of the ventral valve have a moderately long area divided midway by
the cast of a strong pedicle furrow and marked about midway between the pedicle furrow and
the lateral margm by a sharp flexure line; striae of growth cross the area parallel with its base

and arch over the cast of the pedicle furrow. The area of the dorsal valve is relatively short,

arching forward slightly at the median portion. The only interior markings observed are

seen in the casts of the ventral valve where the visceral area and a portion of the main vascular

sinuses are imperfectly preserved.

Observations.—The external form of this species strongly recalls that of Lingulella acutangula

(Roemer), but the material is too imperfect to identify it with the latter. It occurs at a consider-

ably lower geologic horizon, and what is preserved of the ulterior markings of the ventral valve

indicates a considerable difference in the position of the visceral area (PI. XVII, fig. Ic, and
PI. XXIII, fig. 2a).

Formation and locality.—Middle Cambrian : (11) Sandstones and shales of the Rome formation, about 1 mile

{1.6 hm.) east of Post Oak Springs [Hayes, 1894, areal geology sheet], Roane County; and (11a) sandstone between First

and Armstrong creeks, in the southeast corner of the Maynardville quadrangle (U. S. Geol. Survey), Union County;
both in Tennessee.

Lingulella texana Walcott.
I,

Plate XLIX, figures 3, 3a.

Lingulella texana Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 71, PI. VIII, fig. 5. (Characterized as

below as a new species. Fig. 5 is copied in this monograph, PL XLIX, fig. 3.)

This is a small but distinctly marked species, represented by two dorsal valves occurring

in the Upper Cambrian limestones of central Texas. The dorsal valves are oval, and quite

strongly convex. The shell appears to have been rather thick, and the outer surface is marked
by strong, radiating strise, a feature which is characteristic of the species. They are crossed

by fine, concentric striae and lines of growth. The position of the muscle scars and the size and
character of the area are shown by Plate XLIX, figure 3a.

Formation and locality.—Upper Cambrian: (369) Sandstones at the base of the Elvins formation, in the eastern

limits of the town of Flat River, St. Francois County, Missouri.

(69) Limestones near Honey Creek; and (70) limestone near Morgans Creek; both in Burnet County, Texas.

Lingulella toerentis (Matthew).

Plate XXXV, figure 7.

Leptobolus torrentis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 74-75, PL VI,
fig. 1. (Described as below as a new species. The specimen represented by fig. 1 is redrawn in this monograph,
PL XXXV, fig. 7.)

Leptobolus atavus tritavus Matthew, 1903, idem, p. 109, PL VI, figs. 5a-c. (Characterized as a new variety.)

The original description by Matthew follows:

Shell thin, surface shining. Form elongate oval.

Ventral valve obtusely pointed at the back, somewhat acutely rounded in front; elevated along the middle; some-
what flattened along the sides within the margin.

By decortication a low boss and a transverse furrow behind it are exposed on the mold, about three-quarters of the
length of the valve from the hinge; if this boss marks the front of the callus, the central muscles are unusually far

forward, more advanced even than in L. atavus of the Etcheminian terrane. There are faint impressions of the lateral

septa on the sides of the valve.

The surface of the shell is covered with minute, low tubercles, cancellate in arrangement; through these can be
traced faint parallel lines, concentric to the umbo. Along the median third in places can be seen about six broad,

flat ridges, radiating from the direction of the umbo; these break the continuity of the concentric ridges.

Length, 3 mm.; width, 2 mm.; depth, 0.5 mm.

The ventral valve of "Leptoholus atavus tritavus" Matthew is similar in form to the type of

Lingulella torrentis. Compare figures 1 and 5a of Matthew [1 903, PI. VI]. The surface characters



586 CAMBRIAN BRACHIOPODA.

appear to be identical. The dorsal valve is elongate oval in outline, resembling the same valve

in LinguUlla atava (Matthew).

Formation and locality.—Middle Cambrian: (344f [Matthew, 1903, p. 72']) Shales of the Coldhrooh terrane of

Matthew, on Dugald Brooh, Indian River; and (344e [Matthew, 1303, p. 7S]) shales of Division Eld of Matthew's [1903,

pp. 28 and 29] Etcheminian, on Boundary Brook, eastern side of the Escasonie Indian Keservation; both in eastern

Cape Breton, Nova Scotia.

, / LiNGULELLA TEIPAEILIS (Mattliew)

.

Text figures 44a-l, page 537; Plate XLV, figures 2, 2a-f.

Obolus triparilis Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 94, PL I, figs. 2a-c. (Dis-

cussed as a new species.)

Obolus discus Matthew, 1902, idem, p. 94, PL I, figs. 3a-d. (Mentioned as a new species.)

Lingulella longovalis Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 123-125, PL VII,

figs. 3a-f. (Described and discussed as a new species. Figs. 3b and 3d are represented in outline by text figs.

44h and 44h', respectively, p. 537, of this monograph.)

Obolus (Eoobolus) triparilis Matthew, 1903, idem, pp. 136-137, PL VIII, figs. 4a-c; PL IX, figs. la-b.

(Described and discussed as a new species. PL VIII, figs. 4a-c, is copied from Matthew, 1902b, PL I, figs.

2a-c; PL VIII, fig. 4a, and PL IX, fig. la, are represented in outline by figs. 44b and 44b', respectively, p. 537,

of this monograph.)

Obolus {Eoobolus) discus Matthew, 1903, idem, pp. 138-139, PL VIII, figs. 3a-d. (Described and discussed as a new
species. Figs. 3a-d are copied from Matthew, 1902b, PL I, figs. 3a-d; figs. 3aand 3c are represented in outline by
figs. 44a and 44a', respectively, p. 537, of this monograph.)

This species is distinguished from Lingulella (Lingulepis) gregwa CMatthew) by its outUne.

The range of variation in its form covers both the types of the species and the types of " Lin-

gulella longovalis" Matthew and "Oholus (Eooholus) discus" Matthew. Matthew assigns specific

value to variations in length and breadth of the visceral areas of the valves. I do not find

that this holds good, as the shells from the same layer of rocks and not distinguishable by
other characters vary in the length of the visceral area of the dorsal valve from a point back

of the center to nearly the front of the valve. There is also considerable variation in the

ventral valve. On the same shell there is a variation of the surface characters from the

nearly plain, concentric strise to undulating strias, with minute points on the crest. This is

also true of the surface of Lingulella (Lingulepis) gregwa (Matthew).

The "central" scar in the dorsal valve, mentioned by Matthew [1903, p. 136] as charac-

terizing "Obolus (Eooholus) triparilis," is at the bifurcation of the median ridge, and appears

to be a shght dej^ressiou just in advance of the bifurcation and not a true muscle scar. The
variation in outhne of the valves is shown in figures 44a-l.

No specimens among the tj^pes sent by ilatthew nor in our material show areas like those

represented by figures 44b' and 44h'. The area is not preserved on the dorsal valves of L.

triparilis sent hj Matthew, and the area of the dorsal valve of his "L. longovalis" does not

extend so far down the lateral slopes of the shell as represented in the figure.

The variation in the length and strength of the visceral area in the two valves is also

outlined from specimens showing their position. Among the specimens from the same layer

of rock there is a transition in form from Lingulella triparilis to Lingulella (Lingulepis) longi^

nervis (Matthew) of a somewhat later stratigraphic horizon. Tliis is illustrated in figures 44f-k.

The surface characters are of the same type in Lingulella (Lingulepis) gregwa (Matthew),

L. (L.) longinervis (Matthew), and Lingulella triparilis.

"Oholus (Eooholus) discus" Matthew appears to be based on imperfect specimens of the

short, broad form of L. triparilis. With the types of "0. (E.) discus," L. triparilis, and

" L. longovalis" before me, I am not able to discover differences of specific value between them.

All have the same surface characters, and the gradations in form unite them into one species.

Formation and locality.—Middle Cambrian: (13t' and 13t)a Sandstones at the base of Division Elb; (344g)

[Matthew, 1903, p. 77]) shales of Division Elc; (13t") sandstones of Divisions Elc and Eld; (344h [Matthew, 1903,

a 13t is the type locality, though the specimens ua the United States National Museum collections to which that number was assigned were

collected later than Ilatthew's type specimens.
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p. 79]) sandy layers in the shales of Division Ele; and (lOp) sandstone just below the waterfall in Division E2b; all

in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River Valley, eastern Cape Breton, Nova Scotia.

(307d [Matthew, 1903, p. 79]) Sandy limestone of Division E2a? of Matthew's Etcheminian, on Young (McFees)

Point, George River, Cape Breton, Nova Scotia.

FiGlTEE 44.

—

Lingulella triparilis (Matthew); outlines illustrating variation in form of shells now referred to Lingulclla tripariUs. a, a', Ventral
and dorsal valves of " Obolus (Eooholns) discus" [Matthew, 1903, PI. VIII, figs. 3a and 3c]. b, b', Ventral and dorsal valves of Lingulclla

triparilis [Matthew, 1903, PI. VIII, fig. 4a, and PI. IX, fig. la], c-g, c'~g' , Ventral and dorsal valves from LoDaUty 13t", sandstones of Division

Elc of Matthew, Dugald Brook, illustrating the gradation in form between shells referred to L. triparilis and " L. longovalis." h, h', Ventral
and dorsal valves of "i. longovalis" [Matthew, 1903, PI. VII, figs. 3b and 3d], i-l, i'-V, More elongate ventral and dorsal valves from speci-

mens associated with those represented by c-g.

Lingulella tumida Mattlaew.

Plate XXIV, figures 7, 7a-d.

Lingulella tumida Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, p. 200, PI. I, figs. 2a-c.

(Described as a new species.)

Oholus [Lingulepis) gregwa Walcott (in part) [not (Matthew)], 1901, Proc. U. S. Nat. Mus., vol. 23, p. 692-694. (Mat-
thew's Lingulella tumida is here referred to and described with Lingulella {Lingulepis) gregwa.)

Lingulella tumida Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 123, PL VI, fio-s.

6a-c. (Described and discussed. Figs. 6a-c are copied from Matthew, 1899b, PI. I, figs. 2a-c.)

This sliell resembles Lingulella martinensis Matthew and some forms of Lingulella (Lin-

gulepis) exigua (Matthew) in outline of the valves. At first I thought it should be placed with
the latter species, which I had [1901, p. 692] by error identified with Lingulella (Lingulepis)

gregwa (Matthew). It is uniformly smaller than L. (L.) exigua, and differs in the more uniform
concentric lines and striae of growth.
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Matthew's material is poor, but in the collections made by S. Ward Loper there is an

abundance of specimens showing some variations in form. The surface is marked by strong,

concentric lines of growth, with narrow bands of finer and somewhat minutely irregular striae.

Depressed, irregular, and bifurcating radiating hues show on very perfectly preserved shells.

Formation and locality.—Middle Cambrian: (13i) Sandstones of the "Johannian" Division of Matthew's

section, on Gillis Brook, East Bay, east of Bras d'Or Lake; and (13r) sandstone at a little different horizon than that

of Locahty 13i, on Gillis Brook, East Bay, east of Bras d'Or Lake; and (ISn')" sandstones of Division E3e of Mat-

thew's [1903, p. 21] Eicheminian, Dugald Brook, Indian River; all in eastern Cape Breton, Nova Scotia.

1 LiNGULELLA UPIS (Walcott)

.

Plate XXXVI, figures 3, 3a.

Obolus (Lingulella) ripis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 381-332. (Described and discussed as

below as a new species.

)

This is a small, elongate shell of the group to which Lingulella ora (Walcott) belongs. It

differs from the latter in being more elongate and in its marked surface characters, and from
L. collicia (Matthew), L. fiumenis (Matthew), L. cania (Walcott), and allied forms, in having

a thick, strong shell and highly characteristic exterior surface.

The shell is thick, the anterior jjortions being made up of numerous lamellae oblique to

the exterior surface, in this respect resembling some of the species of Obolus having thick

shells. The exterior surface is marked by concentric lines of growth, witli very fine, some-

what irregular striae between them. These show very distinctly in the anterior portion of

the shell. Further back they become very irregular, giving a crenulated appearance to the

striae and lines of growth, and the surface looks as though it was fornaed of thin, imbricating

scales or lamellae.

Ohsen:ations.—The surface of Lingulella upis suggests that of Oiolus ( Westonia) euglyphus

(Walcott), but I have been unable to find traces of the transverse lines characteristic of Westonia.

Formation and locality.—Upper Cambrian: (14g and 141) b Upper part of the limestones exposed 1 mile {1.6 km.)

west of Cherokee, San Saba County; and (14b) limestone on Cold Creek, at north end of gorge opposite the north end
of Sponge Mountain, 2 miles (3.2 km.) south of the San Saba County line, in Llano County; both in Texas.

LlNGtJLELLA AVANNIECKI Redlich.

I/'
Plate XXXIX, figui-es 1, la-n.

Lingulella ivanniecki Redlich, 1899, Mem. Geol. Survey India, Paleontologia Indica, new ser. , vol. 1, No. 1, The
Cambrian Fauna of the Eastern Salt Range, p. 7, PI. I, figs. 9a-d. (Described and discussed as a new species.)

Obolus (Lingulella) wanniecki (Redlich), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 332. (Described and dis-

cussed as below.)

General form broadly ovate, with the ventral valve obtusely acuminate and the dorsal

valve rounded subtriangular; convexity moderate in the specimens embedded in argillaceous

shales. There is considerable range of variation in the outline of the valves; this is shown
in Plate XXXIX, for the ventral valve by figures 1, la-f, and for the dorsal valve by figures

Ig-m. All that is known to me of the interior markings of the ventral valve is shown b}^

figures Id-f, and of the dorsal valve by figures ll-n. The surface of the shell is marked by
concentric lines of growth and very fine closely undulating raised striae that inosculate so as to

give the surface a granulated appearance. This type of surface occurs on Lingulella isse (Wal-

cott) and L. upis (Walcott). The anterior layers of the shell are marked by radiating and
concentric striae, and the interior of the shell has scattered punctae in addition to the radiating

and concentric strias. The shell is relatively thick and formed of several layers or lamellae

in addition to the very thin outer ornamented layer.

The visceral area of the ventral valve is short, and the main vascular sinuses are about

halfway between the center of the shell and the lateral margins. In the dorsal valve the

" ISn' is the type locality, but the specimens in the United States National Museum to which that number is assigned were collected later

than the type specimens.

& 14i is the type locality.
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visceral area is well developed beyond the center of the shell, and the vascular sinuses are

farther out proportionately than in the dorsal valve. The central and anterior lateral muscle
scars are placed on an elevated central ridge, on each side of a sharp median septum.

Ohservations.—This very pretty little shell occurs in great numbers in the dark argilla-

ceous shales with Redlichia noetlingi (Redlich). Redlich [1899, p. 7] states that it is the only

species of the genus in the collection sent to him. In the collections made by Fritz Noetling
I find associated ^vith Redlichia noetlingi, Lingulella wanniecki, L. fuchsi Redlich, Acrotliele

(Redlichella) granulata (Linnarsson) ; also specimens of a species of undescribed Hyolithes.

Among the American species of Lingulella, L. wanniecki may be compared in form with
L. desiderata (Walcott) and L. oweni (Walcott). Its surface is much like that of L. wpis

(Walcott) and L. ora (Walcott). It is distinct from all described species when its form and sur-

face are taken into consideration, as there is no species with its subtriangular form that has
its granulated surface.

The formations containing this fauna are referred to the Middle Cambrian, as there is no
evidence that the Cambrian fauna of India above the upper "Annehd sandstone," as described

by Noetling and Redlich, is older.

Formation and locality.—Middle Cambrian: (15r) a Bark argillaceous shales at Khussak, Salt Range, India.

Lingulella welleri (Walcott).

Plate XXXVIII, figures 4, 4a-b.

Obolus (Lingulella) welleri Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 60S. (Described and discussed essen-

tially as below as a new species.)

General form elongate ovate, with the ventral valve subacuminate and the dorsal valve
subelliptical. Owing to the more or less crushed condition of all the specimens the exact

convexity of the entire valve is unknown. Surface of the shell marked by numerous elevated

concentric lines of growth and very fine slightly irregular interstitial concentric striae.

Wlien the outer edge is exfoliated the inner layers show fine radiating striae and con-

centric lines of growth. Nothing is loiown of the interior surface of the shell. The shell

appears to have been relatively tliin and formed of several layers or lamellae.

A ventral valve 14 mm. in length has a width of 9 mm. and a dorsal valve 10 mm. in

length has a width of 7.5 mm. In both valves the width is slightly increased by the flattening

of the shell.

Ohsemations.—Tliis species occurs in association with Oholus ( Westoiiia) stoneanus (Wliit-

field) in an arenaceous, magnesian limestone. It differs from described species of Lingulella

in the elliptical form of its dorsal valve and the strongly fUose concentric striae of the outer surface.

The dorsal valve has the outline of that of Oholus ( Westonia) stoneanus but the ventral

valve is more acuminate and the characteristic Westonia surface of the latter is absent. Some
specimens of 0. (W.) stoneanus have the transverse imbricating lines only on the posterior

half of the valve, in wliich case the anterior half is much like that of LAngulella welleri.

The specific name is given in honor of Prof. Stuart Weller, who discovered the locality.

Formation and locality.—TTpper Cambrian : (lie) Hardyston quartzite [Weller, 1900, pp. 10 and 12], O 'Donnell

and McManniman's quarry, Newton, Sussex County, New Jersey.

Lingulella winona (Hall).

Plate XVIII, figures 3, 3a-b.

Lingula winona Hall, 1863, Sixteenth Kept. New York State Cab. Nat. Hist., p. 126, PL VI, fig. 9. (Described as

a new species; see p. 540 for copy.)

Lingula winona Hall, 1867, Trans. Albany Inst., vol. 5, p. 102, PI. I, fig. 9. (Copied from preceding reference.)

a Specimens from the type locality were given to the United States National Museum and this number was assigned to them.
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Lingida loinona Hall, Sardeson, 1896, Bull. Minnesota Acad. Nat. Sci., vol. 4, No. 1, pt. 1, p. 96. (Characterizes

specimens from new locality.

)

lAngulella winona (Hall), Schucheut, 1897, Bull. U. S. Geol. Survey No. 87, p. 258. (Merely changes generic refer-

ence.)

The original description by Hall follows

:

Shell small, subquadrilateral, the front nearly straight; sides nearly straight and parallel; apex obtuse, the

cardinal margins sloping at an angle of 80 degrees. Surface marked by fine concentric strise.

A cast of part of a ventral valve from Osceola, Wisconsin, that appears to belong to

tliis species, shows the visceral area and the main vascular sinuses (PL XVIII, fig. 3). This

shell is more convex and has a more rounded outline than the type shell, but I tliink that this

is owing to the fact that the type shells are pressed flat in the sandy shales and to a degree

distorted. Flattened shells at Osceola are much more quadrate in outline.

The species has been found at a number of localities, but very little more can be added to

the original description. The shell, although very smaU, is built up of two or more layers that

are lamellose toward the front of the shell. The outlines of the two valves when compressed

are shown by Plate XVIII, figures 3 a and 3b.

The nearest form to Lingulella winona is L. mosia (Hall) of the Upper Cambrian. It

differs in the uniformly smaller size and its regular subquadrate outline.

The specific name is derived from Winona, Minnesota.

Formation and locality.—Upper Cambrian: (78 and 78c) "St. Croix sandstone," quarry near St. Croix River in

subm-bs of Osceola, Polk County; (85x) upper beds of the "St. Croix sandstone" near Mazomanie, Dane County;

(lOv) shaly beds in the "St. Croix sandstone," at Fox Glen, 8 miles (12.8 km.) east of Baraboo, Baraboo quadrangle

(IT. S. Geol. Survey), Sauk County; (79) "St. Croix sandstone" in bluff near Hudson, St. Croix County; and (85s)

"St. Croix sandstone" at Prairie du Sac, Sauk County; all in Wisconsin, i-

(113) "St. Croix sandstone" at La Grange Mountain (or Barn Bluff), near Red Wing, Goodhue County, Minnesota.

(341) Near Lansing, Allamakee County, Iowa.
y^

Lingulella winona convexa (Walcott).
t

Plate XVIII, figures 4, 4a-d.

Oholus {Lingulella) winona convexus Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 691. (Discussed as below as a

new variety.)

A small relatively convex shell occurs abundantly in the brown sandstones at Osceola

that appears to be an intermediate form between Lingulella winona (HaU) and L. mosia (Hall).

It differs from L. mosia in being a shorter shell, and from L. winona in the more regularly ovate

to semicircular dorsal valve and more acuminate ventral valve.

Ohservations.—The group of shells represented by L. winona, L. mosia, and their varieties

appears to range from the Middle Cambrian beds of Hudson, Wisconsin, up and into the Upper

Cambrian beds of Osceola, Wisconsin. There is so much variety of form owing to the condi-

tions of preservation that it is very difficult to be always sure of the correctness of the specific

reference. The variety convexa may be only the uncompressed form of L. winona, which is

usually flattened in the shaly sandstones, or it may be a distmct species. From the material

available for comparison this can not be clearly determined.

Formation and locality.—tTpper Cambrian: (78, 78s, and 78c) o "St. Croix sandstone" in quamj near St. Croix

River in mburbs of Osceola, Polk County; (79) "St. Croix sandstone" in bluff near Hudson, St. Croix County;

(85xand S85x) upper beds of the "St. Croix sandstone," near Mazomanie, Dane County; (100) "St. Croix sandstone"

near Menomonie, Dunn County; (79a) "St. Croix sandstone" in quarry and ledge, 0.5 mile (0.8 km.) southeast of

the county courthouse, Menomonie, Dunn County; (80) "St. Croix sandstone" 0.66 mile (1.1 km.) southwest of

the railway depot, Menomonie, Dunn County; (85s) "St. Croix sandstone" at Prairie du Sac, Sauk County; and

(135) "St. Croix sandstone" near Trempealeau, Trempealeau County; all in Wisconsin.

(75) "Tonto " sandstone, near the water's edge at the mouth of Kanab Canyon, where it enters the Grand Canyon

of the Colorado, Arizona.

a 78 is the type localitj'.
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^
LiNGULELLA wiRTHi (Barrande).

Plate XXX, figure 7.

lAngula wirthi Barrande, 1868, Faiine silurienne des environs de Hof, en Bavi&re, p. 10] , fig. 63. (Described and

discussed in French as a new species. Fig. 63 is reproduced in this monogi'aph, PI. XXX, fig. 7.)

lAngula wirthi Barrande, 1868, Neues Jahrb. fiir Mineralogie for 1868, p. 691, unnumbered plate, fig. 63. (Copy of

preceding reference.)

This is a more elongate shell than Oholus? havaricus (Barrande), and is known only by
several casts. It has a length of 15 mm.

;
greatest width, 9 mm. In many respects it resembles

LinguleUa davisi (McCoy) of the Lingula flags of Wales. The outer surface, is marked by con-

centric hnes and striae, as far as can be determined from the casts.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

186Sa, p. 101\) Suburbs of Hof; and (303f [Pompeckj , 1896a, pp. 7 and 8]) railway cut near Schellenberg, a little distance

back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.

LiNGULELLA ZEUS n. Sp.

^ Text figure 45.

This species is represented by one very minute specimen, a poorly preserved interior of a

suborbicular ventral valve, showing a fairly well defined area. The exterior surface was covered

Tvith strong concentric striae.

Observations.—This specimen is of particular interest as the only representative of the

genus LinguleUa from Scotland, where it occurs associated with

Olenelloides armatus. The species is too poorly preserved for further

description or comparison.

Formation and locality.—lower Cambrian : (316c) Shales from Locality M4197d
of the Geological Survey of Scotland, a band probably equivalent to either 6 or 7 of

the section on the north slope of Meall & Ghiubhais [Peach and Home, 1907, p. 414] on

the Bruachaig River, 2 miles (3.2 km.) east-northeast of the Kinlochewe Hotel, Loch „ , ,.--T^i'ojii Figure iS.—Ltnguleila zeus n. sp.
Maree, Ross-shn-e, Scotland. i„t„i„, „f ^ ^^g^^t.^i ^^,^^_ ^{^^

type and only specimen, X 12,

LiNGULELLA sp. undt. a. from LocalitySlGc, Lower Cam-
y/ I brian shales near Loch Maree,

Plate XXX, figure 13. Ross-shire, Scotland. Thespeci-

men is numbered M4197d in

There are two specimens of the dorsal valve in the collection from survey ofsTotiand'!'

^™"'°'°''

the Olenus truncatus zone. The outer surface is marked by fine radi-

ating and concentric striae, and the inner surface by large punctae, scattered, as far as known,
in the anterior half of the valve.

Formation and locality.—Upper Cambrian : (310k) Oeland Island, Sweden.

LiNGULELLA sp. undt. b.

Imperfect specimens of a small, rather broad form of LinguleUa occur in Middle Cambrian
shales at York, Pennsylvania. The outline of the shells is somewhat like that of Oholus willisi

(Walcott), but the material is too poor for specific determination.

Formation and locality.—Middle Cambrian: (48d) Argillaceous shales in the railroad cut beside the gas house,

York, York County, Pennsylvania.

LEPTEMBOLON Mickwitz, subgenus of LINGULELLA.

[knzdc, small; and 'i^^ohi>, a wedge.]

Oholus (Leptembolon) Mickwitz, 1896, Mem. Acad. imp. sci. St.-Petersbourg, 8th ser., vol. 4, No. 2, p. 199. (Char-
acterized and discussed as a new subgenus; see below for translation.)

Oholus (Leptembolon) Mickwitz, Walcott, 1908, Smithsonian Misc. Coll., vol'. 53, no. 4, PI. XI, and pp. 142 and 144.

(Classification of subgenus.)

The original description by Mickwitz follows

:

The subgenus Leptembolon is based on a species of Oholus, which externally resembles Lingula very closely,

and in fact was by earlier authors regarded as such. The specimens of the internal surfaces of the valves, however.
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showed, together with some suggestions of the last-mentioned genus [Linguld], unmistakable marks of the'genus Obolus,

so that the species, which would not be assigned to any of the other groups, had to be ranked in a special subgenus of

Eichwald's genus.

The internal characteristics of the Cambrian and Silurian Lingulae have not hitherto been established so com-

pletely as to render it possible to compare the organization of this extinct group in detail with tbe recent Lingula.

It is probable that more accurate knowledge of these oldest Lingulse will lead to a change in the generic designation.

A similar uncertainty of coui'se exists also in regard to the relations of the genus Obolus to the above-mentioned Lin-

gulse, and if it be possible to ascertain the internal features of the latter to the same extent as in the genus Obolvs,

0. lingulseformis will probably become the connecting link between these old extinct genera.

/ LlNGULELLA (LePTEMBOLON) LINGULSEFORMIS (Mickwitz)

.

Plate XIV, figures 5, 5a-b.

Oholus (Leptembolon) lingulsformis Mickwitz, 1896, M^m. Acad. imp. sci. St.-Petersbourg, 8th ser., vol. 4, No. 2,

pp. 200-204, PI. Ill, figs. 10-17. (Described and discussed in German ss a new species; see below for trans-

lation. Figs. 17a-b are copied in this monogi-aph, PI. XIV, fig. 5.)

Oholus {Leptembolon) lingulxformis solidits Mickwitz, 1896, idem, pp. 204-20-5, PL III, figs. 18 and 19. (Described

and discussed in German as a new variety.)

The original description by Mickwitz follows:

Shells moderately large, quite flatly arched. Outline pointedly oval to subtriangular. Beak and posterior

part of shell laterally somewhat flattened, forming two slightly pronounced roundish edges, which converge to the

tip of the beak. Anterior part of shell similarly flattened toward the anterior border.

Surface of shell very smooth, very lustrous, like varnish. Concentric striae very fine and regular, especially

sharp cut at the posterior borders. Growth lamellss indistinctly bordered. In age, clearly distinguishable by the

somewhat projecting borders of the lamellae. Anterior and lateral borders very thin, sharp-edged, brittle, lying

in the plane with the uncovered umbonal borders. Posterior part of the shell scarcely thickened, area more in shape

of covering of the hollow tip of the beak. Pleurocoelic part of the area somewhat prolonged into the lateral borders.

Peduncular groove very broad, somewhat diminished toward the tip of the beak, lying deep but only flatly arched

on account of the deficient thickening of the beak. Traces of the pseudo-area rectilinear, converging to the tip of

the beak.

Splanchnoccele of the large shell (ventral valve) drawn forth, anterior point of the same bordered in the shape

of a bow, and somewhat projecting. Terrace of the thickening of the posterior part of the shell diverging into the

brachiocoele, longitudinally palmately striate. Central groove of large shell very flat, posterior part indefinitely bor-

dered, tip drawn out, parallel bordered and anteriorly semicircularly rounded. Corneous processes of the small shell

(dorsal valve) strongly receding, sinus indefinitely flattened. Median swelling of small shell strongly developed,

beginning in the sinus as a thin, roundish ridge, gradually swelling, reclining beyond the places of attachment of the

anterior lateral muscles, and ending shortly before the anterior border in the shape of a pestle. Principal vessels

distinguishable in their beginnings, not traced in the brachiocoele. Peripheral canals and accessory vasculai- furrows

in both shells only distinguishable in indistinct traces. Places of attachment of the umbonal muscles large, longi-

tudinally striate, not to be separated from the place of attachment of the peduncular muscle in the large shell. Places

of attachment of the central and outside lateral muscles to both sides of the central gi-oove of the large shell, separated

from each other and from those of the middle lateral muscles. The latter lie before the semicircularly bordered apex

of the central groove. Central muscles (with their advance corresponding to the growth of the animal) leaving behind,

in the small shell, a row of traces, which converge into the sinus. Places of attachment of the combined outside and

middle lateral muscles, as also those of the transmedian muscles of the small shell, very near the border of the shell.

Observations: The shells of 0. lingulieformis show a different form of outline in their youth than in their age.

For the species of the subgenus Euobolus, we have demonstrated a proportional growth, and the same also takes place

in the species of the other subgenera, as the consideration of the concentric striae teaches, which marks the stages of

age. The form of outline remains the same, except in the very first stages of youth. In 0. lingulxformis the outline

of the shell is elliptic until in old age, and then first begins to become subtriangular through the growth lamellae pro-

jecting mostly at the anterior border and anterior lateral borders. Self-evidently, the separation of the substance

of the shell takes place also in this stage along the entire border of the shell (including the area), but the lamellae run,

so far as theii- external part (which fonns the sm-face of the shell) comes into consideration, so sharply into the lateral

borders that they do not help to broaden the posterior borders of the shells, but only to thicken them vertically. The

outline of the posterior part of the shell, therefore, remains the same, while the anterior part steadily gains in breadth.

In connection with this manner of formation stand the extraordinarily sharply sculptured concentric striae at

the lateral borders of the shell, which are closely crowded against each other.

This characteristically subtriangular outline, which, in connection with the flat arching of the shell, marks the

typical form of 0. lingulseformis, is, however, in some specimens given to essential deviations. The beak becomes
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broader, and the form of the outline approaches more to the elliptic. At the same time the shell is much more strongly

arched. A small shell -n-hose outline deviates only slightly from the typical form is arched much more than the nor-

mal specimens. These transition forms point, as we see, toward the variety solidus.

The typical form shows two slightly pronounced roundish edges which converge into the tip of the beak and
are caused by a lateral flattening of the posterior part of the shell. In like manner the anterior part of the shell is

somewhat flattened towaixl the anterior border. These chai-acters are first plainly perceptible by reflected light,

and are much less developed in the described roundish foi'ms. A peculiar coiTelation also seems to exist between
the form of the shell and the strength of the shell. The latter is the slightest in the typical form, increases in the

roundish form, and acquh-es the maximum in 0. lingul^formis solidus.

The thinness of the shell of the species in question is pronounced, especially in the deficient thickening of the

tip of the beak, which in this regard reminds one of the recent lingulas. Here, as well as there, the broad posteriorly

diminished peduncular groove is shallow and only indefinitely bordered, and sunk in the area of the large shell. 0. lin-

gulceformis reminds one, more than all other species of Eichwald's genus, in the foi-mation of the area of the small

shell, of the recent Lingula with which this pai't is, to be sure, in a still more pronounced manner, a mere covering

of the thin-walled tip of the beak with the corneous area lamellae.

The configuration of the inner surface of the shell is, in relation to the deficient thickening, quite distinctly devel-

oped. In its projecting tip the splanchnocoele of the large shell in some measm-e resembles the corresponding formation

of Lingula anaiina. On the other hand, the small shell shows the three-lobed form, which is peculiar to the genus
Obolus and is continued by the aberrant position of the places of attachment of the muscles.

The thickening of the posterior part of the large shell is reduced to a wall-like rim whose pointed upper edge
incloses the parietal band. The declivity of this rim into the brachioccele is quite steep and marked at its middle,

circular-formed, projecting part by somewhat diverging longitudinal swellings palmately arranged ; the slope into the

splanchnocoele is flatter and is lost in the indefinitely bordered central groove, from which only the strongly drawn
forth, parallel-bordered, somewhat anteriorly broadened, and rounded-off tip is clearly distinguishable by a slight

but sharply bordered depression.

As often mentioned, the places of attachment of the middle lateral muscles, which are removed from the places

of attachment of the central muscles, and united to one surface, lie before the tip of the central groove. The places

of attachment of the central muscles are oval and lie on both sides of the drawn-out apex of the central groove. They
show a coarse transverse striation, which is posteriorly continued farther than the places of attachment, and owes its

origin to the gradual advance of the central muscles, whose traces were only partly covered by a slight secretion of

lime. A similar condition takes place with the places of attachment of the outside lateral muscles of the large shell,

which lie, as with Schmidtia, close to the inner sides of the principal vascular canal, far removed from those of the cen-

tral muscles, and somewhat pushed back. Yet more striking is this succession of exposed traces with the places of

attachment of the central muscles of the small shell, in which it may be followed from the inner sides of the corneous

processes to the extreme tip of the sinus.

The last-mentioned small shell of the variety solidus shows very distinctly—namely, at the right side—the places

of attachment of the combined middle and outside lateral muscles as well as those of the transmedian muscles, while

the umbonal muscle has left less distinct traces. The first-mentioned places of attachment lie so close to the border

of the shell that the pleurocoeles are reduced to small, ribbon-shaped strise. This form of the pleurocoele stands

in connection with the previously mentioned law of growth of the shells.

In the large shell the places of attachment of the combined anterior lateral and transmedian muscles, likewise

on the right side, are quite distinctly pronounced, while the places of attachment of the divided umbonal muscles

and peduncular muscle form a somewhat indefinitely bordered, coherent surface, which is longitudinally striate in

the middle.

Very striking to the eye is the strongly developed median swelling of the small shell, which separates the dis-

tinctly depressed oval places of attachment of the anterior lateral muscles, and reaches, with its pestle-shaped swelled

ends, nearly to the anterior border of the shell; of the circulatory system only the posterior parts of the principal

vessels (with the exit out of the splanchnocoele) are unfailingly distinguishable. The concentric strise of the small

shell are insufficiently covered furrows of separation of the growth lamellas.

Formation and locality. 'i'—Passage beds between the Upper Cambrian and the Ordovician: "Glauconite sand-

stone" at the following localities: (396) at Baltischport, 30 miles (48 km.) west of Reval; (396a) at Leppiko near Leetz,

on the eastern side of the Baltischport peninsula, about 25 miles (40.3 km.) west of Reval; (396b) at Fall, 15 miles (24 km.)
west of Reval; (396c) at the mouth of Fahna Brook, east of Fall, about 15 miles (24 km.) west of Reval; (396d) at

Domglint in Reval; and (396f) in the western part of the east Baltic region; all [Mickwitz, 1896, p. 203] in the Gov-
ernment of Esthonia, Russia.

Upper Cambrian: (395) Obolus sandstone at Joa, near Jegelecht, 12 miles (19.3 km.) east of Reval, Government
of Esthonia, Russia.

a Localities 396 and 396a are represented in the United States National Museum collections.



544 CAMBKIAN BRACHIOPODA.

lilNGTJIiEPIS Hall,a subgenus of LING-ULELLA.

[Lingula, a tongiie; and ^sr^f, a scale.]

Lingulepis Hall, 1863, Sixteenth Ann. Kept. New York State Cab. Nat. Hist., p. 129. (Described as a new genus.)

Lingulepis Hall, Meek and Hayden, 1865, Smithsonian Contrib. Knowl., No. 172, Paleontology Upper Missouri,

pt. 1, pp. 1 and 2. (Described and discussed.)

Lingulepis Hall, 1867, Trans. Albany Inst., vol. 5, p. 106. (Copied from Hall, 1863, p. 129.)

Lingulepis Hall, Dall, 1870, Am. Jour. Conchology, 2d ser., vol. 6, pt. 2, pp. 1.54 and 161. (Described.)

Lingulepis Hall, Meek, 1871, Proc. Acad. Nat. Sci. Philadelphia for 1871, vol. 23, pp. 186-187. (Notes on genus in

discussion of "Lingulellaf lamhorni")

Lingulepis Hall, Zittel, 1880, Handbuch der Paliseontologie, Bd. 1, Abth. 1, p. 664. (Described in German.)

Lingula {Lingulepis) (Hall), Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1261. (Described in French.)

Lingulepis Hall, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 231-232.

(Described.)

Lingulepis Hall, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 547-548.

(Copy of preceding reference.)

Lingulepis Hall, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 59-62, and 164. (Origi-

nal description copied, p. 59; genus described and discussed, pp. 59-62; and derivation of genus shown graphi-

cally, p. 164.)

Lingulepis Hall, Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 258. (Lingulella and Lingulepis compared.)

Lingulepis Hall, Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 404. (Re-refers all the species that have been

placed under Lingulepis.)

Obolus {Lingulepis) (Hall), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, pp. 443-444. (Copy of preceding

reference, except that Lingulepis and Lingulella are made subgenera of Obolus.)

Obolus {Lingulepis) (Hall), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 683. (Characterized.)

Lingulepis Hall, Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 102. (Discussed.)

Lingulepis Hall, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 126. (Described

and discussed. Hall's original description copied also.)

Lingulepis Hall, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 193. (Characterized.)

Lingulella {Lingulepis) (Hall), Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pj). 142 and 144.

(Classification of subgenus.)

Genotype.—Lingula acuminata Conrad.

Schuchert states in liis bibhography [1897, p. 258] that the only essential difference betAveen

Lingulepis and Lingulella is that the ventral beak of the former is often much attenuated.

He does not refer to the interior markings of the valves, which have been illustrated as of

a pecuhar character by Hall [1892c, p. 60]. I quite agree with Schuchert, and I find that,

with a fairly good series showing the inteiiors of both valves, all the essential markings of the

vascular system and muscle scars are the same as in Lingulella, except as the fonn of the ven-

tral valve changes the outhne of the visceral area. Wlien a shell of Lingulella (Lingulepis)

acuminata (Conrad) (PI. XLII, figs. Ig, Ih) is less attenuate than usual it is ahnost a good

Lingulella, both as regards external form and interior marldngs. It is a fact, however, that

many hundreds of specimens with a wide geographic distribution show a persistent form that

is readity recognized, and for this reason, and also for convenience of classification, I give Lin-

gulepis a subgeneric value.

o The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Iiingulepis

were formerly placed; it gives only those references in-which the genus is discussed or described. To complete the record the following mere

generic references are listed:

Lingula Com-ad [1S39, p. 64].

Lingula Emmons [1S42, p. 268].

Lingula. HaU [1847, pp. 3 and 9; 1851, p. 204].

Lingula Owen [ISol, p. 170; 1852, p. 583].

OrUcula Owen [1852, p. 583].

Lingula Emmons [1855, pp. 202 and 203].

Lingula Bilhngs [1856, p. 34].

LiTtgula Hall [1862, pp. 21 and 435].

Lingula Hayden [1862, p. 73].

Lingula Billings [1863, p. 102].

Lingula Chapman [1863, p. 187].

Lingula Emmons [1863, p. 92].

Lingula Chapman [1864, p. 159].

Lingula HoU [1865, p. 102].

Lingula Salter [1865, p. 102].

Lingula Davidson [1866, pp. 41 and 53].

Lingula PhiUips [1871, p. 68].

Lingulepis Whitfield [1880, pp. 335 and 337; 1882,

p. 169; 1884, p. 141].

Lingulepis Dwlght [1880, p. 208].

Lingulella Matthew [1S91, p. 146].

Glossina Hall and Clarke [1892a, PI. I, figs. 10 and 11].

Lingula (Glossina) Hall and Clarke [1892c, PI. I

figs. 1 and 2].

Lingula James [1895, p. 884].

Lingulepis Matthew [1895b, pp. 256 and 257].

Lingulepis Walcott [1897a, p. 404].

Lingulella Matthew [1899, p. 199].

Obolus (.Lingulepis) AValcott [1901, p. 692].

Lingula Matley [1902, p. 141].

Oholus (Lingulella) Walcott [1902, p. 607].

Obolus (Lingulepis) Walcott [1905a, p. 333; 1906,

p. 667].

Lingulella (Lingulepis) Walcott [1908d, p. 72].
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The visceral area of Oholus sinoe (PI. XXVI, fig. 2ej is somewhat Hke that of Lingulella

(Lingulepis) acuminata (PI. XLII, fig. Ig), and also resembles the visceral area of the ventral

valve illustrated by Hall [1863, PI. VI, fig. 15]. The condition of preservation and the original

impress made by the different parts of the animal on the shell varies so much in shells of the

same species that it is difncult, without a large series of specimens, to decide definitely upon

generic or specific characters in the Obolidse. Tliis is particularly true of Oholus, Lingulella,

and Lingulepis.

Of the 14 species and 2 varieties referred to Lingulepis from the Cambrian, 1 species

occurs in the Lower Cambrian, 9 species and 2 varieties in the IVIiddle Cambrian, and 5 in

the Upper Cambrian. One species, L. (L.) acuminata (Conrad), is common to the Middle and

Upper Cambrian and Ordovician.

For the species that have been referred to Lingulepis and which are now referred to other

genera, see pages 62-63.

^ Lingulella (Lingulepis) acuminata (Conrad)."
\

Plate XXXIV, figures 3, 3a-e; Plate XL.^ftgures 1, la-s; Plate XLI, figures 1, la-n; Plate XLII, figures 1, la-o.

Lingula acuminata Conrad, 1839, Third Ann. Kept. New York State Survey, p. 64. (Described as a new species.)

Lingula antiqua Emmons, 1842, Nat. Hist. New York, Geology, pt. 2, p. 268, fig. 68. (Occurrence discussed. Fig. 68

is copied in this monograph, PI. XL, fig. la.)

Lingula antiqua Emmons, Hall, 1847, Nat. Hist. New York, Paleontology, vol. 1, pp. 3-4, PL I, figs. 3a-e. (Described

and discussed as a new species, but uses Emmons's name.)

Lingula acuminata Conrad, Hall, 1847, idem, p. 9, figure with footnote. (Copies the original description of Conrad,

1839, p. 64. The figure is copied in this monograph, PL XL, fig. 1.)

Lingula prima Owen, 1851, Proc. Am. Assoc. Adv. Sci. for 1851, p. 170. (Mentioned.)

Lingula antiqua Emmons, Owen, 1851, idem, p. 170. (Mentioned.)

Lingula antiquata Emmons, 1855, American Geology, vol. 1, pt. 2, pp. 202-203, PL IV, fig. 7. (Described and dis-

cussed. Fig. 7 is copied from Emmons, 1842, fig. 68, p. 268.)

Lingula acuminata Conrad, Emmons, 1855, idem, p. 203, PL IV, fig. 9. (Described. Pig. 9 is copied from Hall, 1847,

p. 9, footnote.)

Lingula prima Owen, Billings, 1856, Canadian Naturalist, 1st ser., vol. 1, p. 34, fig. 1. (Described.)

Lingula antiqua Emmons, Billings, 1856, idem, p. 34, fig. 2. (Characterized.)

Lingula acuminata Conrad, Billings, 1863, Fifteenth Rept. Geol. Survey Canada, p. 102, figs. 8a-g. (Mentioned.)

Lingula acuminata Conrad, Chapman, 1863, Canadian Jour. Ind., Sci. and Art, new ser., vol. 8, p. 187, fig, 155. (Men-

tioned.)

Lingula antiqua Emmons, 1863, Manual of Geology, 2d ed., p. 92, fig. 77. (Mentioned. Fig. 77 is copied from Emmons,
1842, fig. 68, p. 268.)

Lingula acuminata Conrad, Chapman, 1864, Minerals and Geology of Canada, p. 159, fig. 155. (Text and figure copied

from Chapman, 1863, p. 187, fig. 155.)

Lingulepis minima Whitfield, 1884, Bull. Am. Mus. Nat. Hist., vol. 1, No. 5, p. 141, PL XIV, figs. 1 and 2. (Described

and discussed as a new species.)

Lingulepis minima 'WTiitfield, Dwight, 1886, Proc. Am. Assoc. Adv. Sci. for 1885, p. 208. (Mentioned.)

Lingulepis acuminata Conrad, Dwight, 1886, idem, p. 208. (Mentioned.)

Lingula antiqua Emmons, James, 1895, Am. Naturalist, vol. 29, p. 884, fig. 1. (Mentioned. Fig. 1 is copied from

Emmons, 1842, fig. 68, p. 268.)

Lingulepis acuminata (Conrad), Matthew, 1895, Trans. Roy. Soc. Canada for 1894, 2d ser., vol. 1, sec. 4, No, 13,

pp. 257-258, PL II, figs. 5a-b. (Described and discussed.)

Lingulepis acuminata (Conrad), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 259. (Discussed.)

imgrufepis acumtnato (Conrad), Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 404. (Merely changes generic

and specific references.)

Oholus {Lingulepis) acuminatus (Conrad), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 443. (Merely

changes generic and specific references.)

Synonymy of the forms that have been referred to Lingulepis pinnaformis (Owen) from

the Mississippi Valley, and which are now referred to Lingulella (Lingulepis) acuminata (Conrad)

:

Lingula prima Owen, Hall, 1851, Rept. Geology Lake Superior Land District, by Foster and Whitney, pt. 2, p.

204, PL XXIII, figs. la-g. (Described and discussed; dorsal valves.)

o The synonymy for this species is given in two parts; first, the synonymy of the forms that have been referred to the species acuminata;

second, the .synonymy of the forms that have been referred to the species pinnaformis. The latter species is now considered to be a synonym of

the former.

62667°—VOL 51, pt 1—12 35
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Lingula anliqua Emmons, Hall, 1851, Kept. Geology Lake Superior Land District, by Foster and Whitney, pt. 2,

pp. 204-205, PI. XXIII, figs. 2a-c. (Discussed; ventral valves.)

Lingula pinnaformis Owen, 1852, Kept. Geol. Survey Wisconsin, Iowa, and Minnesota, p. 583, PI. Ib, figs. 4, 6, and 8.

(Described.)

Lingula antiqua Emmons, Hall, 1862, Kept. Geol. Survey Wisconsin, vol. 1, fig. 2, p. 21. (No text reference.)

Lingula pinnseformis Owen, Hall, 1862, idem, p. 435, fig. 3, p. 21. (Discussed.)

Lingula antiqua Emmons, Hayden, 1862, Am. Jour. Sci., 2d ser., vol. 33, p. 73, figs. la-b. (Discussed. It may be

that the Lingula prima here mentioned by Hayden was based on the dorsal valves of L. antiqua.)

Lingulepis pinnaformis (Owen), Hall (in part), 1863, Sixteenth Rept. New York State Cab. Nat. Hist., pp. 129-

130, PL VI, figs. 14-16 (not figs. 12 and 13, referred to Obolus matinalis). (Described and discussed.)

Lingulepis pinnijormis (Owen), Meek and Hayden, 1865, Smithsonian Contrib. KnowL, No. 172, Paleontology

Upper Missouri, pp. 2-3, PL I, figs. la-b. (Described and discussed.)

Lingulepis dakotensis Meek and Hayden, 1865, idem, p. 3. (Name merely proposed in case the species should prove

distinct.)

Lingulepis pinnaformis (Owen), Hall (in part), 1867, Trans. Albany Inst., vol. 5, p. 107, PL I, figs. 14-16 (not

figs. 12 and 13, referred to Obolus matinalis). (Copy of Hall, 1863, p. 129-130.)

Lingulepis pinnaformis (Owen), Whitfield, 1880, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geology

and Resources Black Hills of Dakota, p. 335, PI. II, figs. 1-4. (Described.)

Lingulepis dakotensis Meek and Hayden, Whitfield, 1880, idem, pp. 337-338, PL II, figs. 10 and 11. (Copies the

description given by Meek and Hayden, 1865, p. 2, and discusses species. Figs. 10 and 11 are copied from

Meek and Hayden, 18G5, PL I, figs, lb and la, respectively.)

Lingulepis pinnaformis (Owen), Whitfield, 1882, Geology of Wisconsin, vol. 4, pp. 169-170, PL I, figs. 2 and 3. (De-

scribed.)

Lingulepis pinniformis (Owen), Dwight, 1886, Proc. Am. Assoc. Adv. Sci. for 1885, p. 208. (Mentioned.)

Lingulepis pinniformis (Owen), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

figs. 237 and 238, p. 232; and PL I, figs. 16 and 17. (Mentioned. Figs. 237 and 238 are outline drawings of

the figures given by Hall, 1863, PL VI, figs. 16 and 15, respectively; figs. 16 and 17 (PL I) are copied from Hall,

1863, PL VI, figs. 16 and 15, respectively.)

Lingulepis pinniformis (Owen), Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891,

figs. 237 and 238, p. 548. (Mentioned. Figs. 237 and 238 are copied from those on p. 232 of the preceding

reference.)

Lingulepis pinniformis (Owen), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, figs. 22

and 23, p. 60, and PL I, figs. 35 and 36. (Mentioned on pp. 60 and 61. Figs. 22 and 23 are outline drawings

and figs. 35 and 36 are copies of the figures given by Hall, 1863, PL VI, figs. 16 and 15, respectively.)

Lingulepis pinniformis (Owen), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 260. (Questions specific

reference.)

Lingulepis pinniformis (Owen), Grabaij and Shimer, 1907, North American Index Fossils, vol. 1, p. 193, fig. 227.

(Described. The two figures in figure 227 are copied from Hall, 1863, PL VI, figs. 15 and 16.)

Lingulepis prima (Hall), Grabau and Shimer, 1907, idem, p. 193. (Described, but no figures are given, and it is

impossible to tell whether the species should be referred to Lingulella (Lingulepis) acuminata or to Lingulella

prima.)

General form elongate ovate, with the ventral valve subacuminate to acuminate, and the

dorsal valve ovate in outline. The outline of the valves varies greatly (PI. XL). On a single

slab of rock from Whitehall, New York, there is a range of variation that unites the slender

acuminate form, represented by figure Ic, with forms that are not to be differentiated from

Lingulella acutangula (Roemer). The range of variation in the dorsal valve is less, but it

varies from elongate ovate to nearly -round ovate. The convexity of the valves varies with the

size and condition of preservation. Those that preserve the natural convexity are rather

strongly convex in the dorsal valve, and about one-third less so for the associated ventral valve.

The variation in size is very marked, large groups of shells occurring where the average length

of the ventral valve is not over 6 to 10 mm. In other localities this increases to 20 mm. with

corresponding increase in width.

Surface marked by concentric lines of growth, very fine concentric striae, and fine radi-

ating striae. When the outer layer of the shell is exfoliated, the surface is marked by flattened,

radiating striae and concentric lines and stride of growth. The inner surface is marked by flat-

tened radiating striae, and minute pits or punctae..

The shells from most localities are relatively thin, but some from the locality at St.

Croix Falls show several layers, and those from the sandstones of the Black Hills of South
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Dakota are relatively strong and thick. The shell is built up of a thin outer layer and several

inner layers or lamellas that, on the anterior and lateral portions of the shell, are oblique to

the outer layer and form a thick, laminated shell very much like that of Oholus. Casts of the

interior of the ventral valve show a clearly defined area that extends a considerable distance

forward along the cardinal slopes. It is divided midway by a strong, rather broad pedicle

furrow, and about midway of the very narrow side spaces, by extremely narrow flexure lines.

One specimen from the Black Hills shows that the area formed a thin shelf between the pedicle

groove and the lateral margins, the undercut extending some little distance beneath it. The
area of the dorsal valve is clearly marked in a few specimens; it is relatively short although

fairly well extended on the lateral margins.

The cast of the visceral cavity (v) is rarely preserved except in its posterior portion; this

is marked by the cast of a median groove, and the path of advance of the central, anterior

lateral, and middle lateral muscle scars. Traces of the muscle scars or the anterior portion

of the visceral cavity are rarely preserved; thus the heart-shaped pit so often seen in Lingu-
lella and Oiolus is outlined in not over a half dozen specimens out of several hundred casts of

the interior. The position and shape of the visceral area varies with the width of the shell.

In the long shells it extends far forward, while in the broad shells it scarcely reaches to the

center (PI. XLII, figs, le and Ig.) No traces of a median septum have been observed in the

ventral valve, but in the dorsal it is shown in the casts as a narrow, clearly defined, sharp

depression, extending from between the anterior lateral scars back and between the central

muscle scars.

The muscle scars are more or less clearly shown in a number of casts of both valves. The
umbonal scar of the ventral valve is divided as in Oholus, the pedicle scar (m) (PI. XLII, fig. Ig)

being situated between the two parts (gg). In the dorsal valve the umbonal scar is situated

just in front of the area, arching slightly toward the beak. The scars of the central, anterior

lateral, and middle lateral muscles are not clearly defined in the ventral valve, owing to their

being crowded together in the space on each side of the anterior portion of the visceral cavity.

The central muscle scars of the dorsal valve are of medium size and well defined on a number
of casts of the interior of the shell. They are situated a little back of the center of the shell

on each side of the median ridge, and their longer axis is slightly inclined outward. The anterior

laterals are not well defined in the ventral valve, because they are crowded into a very narrow
space. On the dorsal valve they are rarely visible, owing to their very faint impression on
the shell. The transmedian scars are distinctly shown on the dorsal valve, but in the ventral

valve they have not been differentiated from the anterior laterals.

The markings left on the shell by the vascular system are limited to the main or trunk
sinuses on a few casts of the interior (PL XLI, fig. la, and PL XLII, fig. le).

Observations.—The type specimens described by Conrad [1839, p. 64] were small, and from
an uncertain locality in the "Calciferous sandrock." His associate, ]\Ir. Vanuxem, states

[1842, p. 35] that Doctor Eights found a rolled stone containing L. acuminata, the surface of the
fractured part showing from 60 to 70 valves in an area 2 by 3 inches.

I have collected this species in situ in great numbers in Saratoga County, and in the valley

of the Hudson near Whitehall, in calcareous sandstones probably equivalent to Conrad's
"Calciferous sandrock." The shell corresponds to the description given by Conrad, and occurs
in great numbers in partings of the rocks.

In all of the illustrations given of this species from New York, the small, relatively narrow
form was figured. The broader and larger form that occurs in the compact, sandy limestone
north of Saratoga Springs, and at Beverly, Ontario, does not appear to have been known to

the earlier authors.

It was not until 1863 that the Eastern forms so much like those of "Lingula pinnaformis"
of Wisconsin were illustrated by Billings [1863, p. 102]. Matthew [1895b, PL II] illustrated

the interior of the ventral and dorsal valves of L. (L.) acuminata from Beverly, Ontario. The
muscle scars and their markings, as shown in Matthew's diagrammatic figures, vary from those
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I have observed, and none of the specimens studied by him showed the area of either the ventral

or dorsal valve.

As the result of a comparison of a series of specimens of L. (L.) acuminata from the Potsdam

sandstone and the base of the " Calciferous " in Saratoga, Washington, Franklin, and Jsfferson

counties, New York, and from the same horizon in Ontario, Canada, with a large series of

specimens from the "St. Croix sandstone" of Wisconsin, I was led [1897a, p. 404] to conclude

that "Lingula finnaformis" Owen was a synonym of LinguMla (Lingulepis) acuminata (Con-

rad), thus making L. (L.) acuminata the type of the subgenus Lingulepis, the original description

of the subgenus being based upon specimens from the "St. Croix sandstone" of Wisconsin.

It is hardly practicable to illustrate all of the varieties of L. {L.) acuminata (Conrad) as

they occur in widely distributed localities. The shells appear to have varied in size, thickness,

convexity, and outline at various localities, and often in the same locality in different layers,

probably owing to the character of food supply and the vitality of the individual animals.

Very fine specimens of the casts of young shells of the narrow, elongate form occur at Mount
Washington, Eau Claire, Wisconsin.

The species ranges from western Vermont, New York, and eastern Canada, westward across

the upper Mississippi Valley to the Black Hills of South Dakota, the Bighorn Mountains of

Wyoming, and the Rocky Mountains of central Colorado. In the Appalachian region it ranges

southward to Tennessee and Alabama, and westward to the Arbuckle and Wichita mountains of

Oklahoma, and the Franklin Range near El Paso, Texas. Its vertical range appears to have

been from the upper portion of the Middle Cambrian in the Mississippi Valley and the Black

HiUs to the lower layers of the " Calciferous " of the Ordovician in New York and Canada.

A number of shells from the Upper Cambrian rocks of Nevada come within the rather wide

range of variation of this species. I was at first inclined to place them as a variety, but after

extended comparison with a series of specimens from New York and Wisconsin, decided that

nothing would be gained by so doing. A few figures on Plate XXXIV, figures 4, 4a-e, illus-

tsate the wide variation in form of the Nevada shell, a variation comparable with that from

the typical locality in New York.

A fine series of specimens illustrating the narrow and broad forms has been collected from

the limestone in the upper portion of the Reagan sandstone (Upper Cambrian), at the north-

west extremity of the Arbuckle Mountains, Oklahoma.

Dwight [1886, p. 208], in speaking of the Upper Cambrian fauna near Poughkeepsie, New
York, said:

It will be observed, as has been suggested to me by Whitfield, that the fauna of this locality forms a connecting

link between the Potsdam fossils of the Appalachian region and that of the more western States. Thus, the Lingulella

pinnaformis of Wisconsin and other western localities is here mingled with Lingulepis minima and acuminata of New
York State.

Dwight's remark that the species "Lingulella pinnaformis" occurs mingled with "Lingu-

lepis minima" and "L. acuminata" proves that all the varieties of Lingulella (Lingulepis)

acuminata occur at the Dutchess County locality.

Formation and locality.—Ordovician and TTpper Cambrian: (338u) Strata from the upper layers of the Potsdam

sandstone to the lower portion of the "Calciferous sandrock" at Chateaugay Falls, Franklin County, New York.

Upper Cambrian: (392e [Billings, 1856, p. 34]) Sandstone on lot 22, ninth concession, township of Bastard; (392d

[Billings, 1856, p. 34]) sandstone on lot 11, eleventh concession, township of Lansdowne; and (392b [Matthew, 1895b,

p. 258]) sandstone (corresponding to the passage beds above the massive Potsdam sandstone at Chateaugay Falls) at

Beverly, township of Bastard; all in the county of Leeds, Ontario, Canada.

(392) Potsdam sandstone at Burgess; (392m) sandstone on the east shore of Missisquoi Bay, 1.5 miles (2.4 km.)

south of Phillipsbm-gh, Province of Quebec; and (392n) sandstone in eastern Canada (exact locality unknown); all in

Canada.

(16n) Interformational conglomerates and shales in Adams pasture, 0.5 mile (0.8 km.) west of Main Street, on

Lake Street, St. Albans, Franklin County, Vermont.

(76) Arenaceous limestone at Hoyt's quarry, 4 miles (6.4 km.) west of Saratoga Springs, Saratoga County; (76a)

arenaceous limestone in a railroad quarry 1 mile (1.6 km.) north of Saratoga Springs, Saratoga County; (109) sandstone

25 feet (7.6 m.) above the Archean, 1.5 miles (2.4 km.) south of Deweys Bridge, on the Champlain Canal, Washington
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County; (367k) sandstone at Deweys Bridge, Washington County; (110 and 110a) shaly calcareous sandstone resting

on massive layers of Potsdam sandstone, east side of the town of ^Tiitehall, Washington County; (338r [Billings,

1856, p. 34]) Potsdam sandstone at Keeseville, Essex County; (338s [Emmons, 1842, pp. 267 and '26S]) Potsdam sand-

stone at High Bridge, on Ausable River, Essex County; (77) sandstone at several horizons in the section below

the falls at the high bridge, in Ausable Chasm, Essex County; (111) at the top of the Potsdam sandstone on

Marble River, 1 mile (1.6 km.) south of Chateaugay, Franklin County; (338t) Potsdam sandstone in Ausable Chasm,

below Keeseville, Essex County; (338w [Hall, 1847, p. 4]) Potsdam sandstone at Hammond, St. Lawrence County;

(338j [Hall, 1847, p. 4]) Potsdam sandstone near Alexandria Bay, Jefferson County; (185) sandy layers above the

massive Potsdam sandstone one-half mile (0.8 km.) southeast of Redwood, Jefferson County; (185a) sandy layers 20

feet above the massive Potsdam sandstone, east side of Indian View, 3 miles (4.8 km.) south of Theresa, Jefferson

County; (367j) sandstone 3 miles (4.8 km.) south of Poughkeepsie, Dutchess County; (108) sandstone 1 mile (1.6 km.)

south of Poughkeepsie, Dutchess County; and (367e [Dwight, 1886, p. 205]) shaly limestones 850 feet (259.1 m.) southerly

from the southwest corner of the driving park and 2,200 feet (670.6 m.) west of the road leading southerly from the

same, about 1 mile (1.6 km.) southwest of Vassar College, near Poughkeepsie, Dutchess County; all in New York.

(92b) Limestone on Buffalo Creek, 2 miles (3.2 km.) southeast of Buffalo Mills, Rockbridge County, Virginia.

(105) Limestone in Knox dolomite, at Bishops Mill, Hancock County; and (107o) limestones and shales at the

base of the Knox dolomite, west of the top of Copper Ridge, near the Southern Railway cut, about 10 miles (16.1 km.)

northwest of Knoxville [Keith 1896b, areal geology sheet], Knox County; both in Tennessee.

(79 and 79t)) "St, Croix sandstone" near Hudson, St. Croix County; (82 and 82s) "St. Croix sandstone" on the

bank of St. Croix River, St. Croix Falls, Polk County; (328h) silicocalcareous layers of Fib of Owen, at the falls

of the St. Croix, Polk County; (97a) "St. Croix sandstone" near Winfield, Jefferson County; (98) "St. Croix sand-

stone" near Eau Claire, Eau Claire County; and (99a) "St. Croix sandstone" near Pilot Knob, Adams County; all

in Wisconsin.

(330 [Hall, 1851, p. 204]) Sandstone on Taquamenon Bay, Chippewa County; (330b) sandstone at Iron Mountain,

Dickinson County; and (330a [Hall, 1851, p. 204]) sandstone on Escanaba River; all in northern Michigan.

(339h [Hall, 1863, p. 130]) "St. Croix sandstone " near the mouth of theMinneiska (Miniska) River, near the line

between Wabasha and Winona counties; and (97b) "St. Croix sandstone" below the greensand bed and about 25

feet above St. Croix River at Franconia, Chisago County; both in Minnesota.

(353b) Sandstone just beneath the Ophileta zone, south end of the Franklin Range, El Paso Coimty, Texas.

(360g) Shaly sandstone on Trout Creek, 1 mile (1.6 km.) below Manitou Park, El Paso County, Colorado.

(54d) About 1,050 feet (320 m.) above the Middle Cambrian and 175 feet (53.3 m.) below the top of the Upper
Cambrian in the lower part of the limestone forming 1 of the St. Charles formation [Walcott, 190Sf, p. 192]; and (54g)

just above the Middle Cambrian, near the base of the bedded light-gray sandstone forming 4 of the St. Charles for-

mation [Walcott, 1908f, p. 193]; both in Blacksmith Fork Canyon about 10 miles (16.1 km.) east of Hyrum, Cache
County, Utah.

(7x and 7y) Limestone of the Emigi'ant formation [Turner, 1902, p. 265], about 2.5 miles (4 km.) southeast of

Emigrant Pass; and (7z) limestone of the Emigrant formation [Turner, 1902, p. 265], about 3 miles (4.8 km.) southeast

of Emigrant Pass; both in the Silver Peak quadi-angle (U. S. Geol. Survey), Esmeralda County, Nevada.

(9q) About 10 feet (3 m.) above the porphyry contact and 90 feet (27.4 m.) below the Arbuckle limestone in

limestone of the Reagan sandstone, middle of west half of sec. 2, T. 4 N., R. 13 W., about 15 miles (24.2 km.) north-

west of Fort Sill, Comanche County; (9s) about 85 feet (26 m.) below the Arbuckle limestone in the limestone of the

Reagan sandstone, near middle of west half of sec. 13, T. 4 N., R. 13 W., 13 miles (20.8 km.) northwest of Fort Sill,

Comanche County; (9v) limestone of the Reagan sandstone, about 250 feet (76 m.) below the Arbuckle limestone,

SW. i sec. 17, T. 4 N., R. 12 W., about 11 miles (17.7 km.) northwest of Fort Sill, Comanche County; (12n) lime-

stone of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is about 240 feet

(73 m.) above the porphjTy contact and 40 feet (12 m.) below the Arbuckle limestone), NW. J sec. 1, T. 2 S., R. 1 E.,

Ardmore quadrangle (U. S. Geol. Survey), Carter County; and (12p) about 225 feet (69 m.) above the igneous rocks

in the limestone of the Reagan sandstone, at the northwest extremity of the Arbuckle Mountains, about 4 miles

(6.4 km.) east of Homer, Carter County; all in Oklahoma.

(14b) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2

km.) south of the San Saba County line in Llano County; (14r) sandstone in the lower part of the beds exposed on
Colorado River, 3 miles (4.8 km.) south of the northeast corner of Llano County; (69) limestone near Honey Creek,

Burnet County; and (70) limestone near Morgans Creek, Burnet County; all in Texas.

Middle Cambrian : (328e) "St. Croix sandstone" at St. Croix Falls, Polk County; and (79x) "St. Croix sand-

stone" near the flour mill on Beaver Creek, north of Galesville, Trempealeau County; both in Wisconsin.

(84) "St. Croix sandstone" at Dresbach, opposite the mouth of Black River, Winona County; (84s) "St. Croix

sandstone" near Dakota, Winona County; (339j) sandstone between the lowest blue shale and the reddish calcareous

beds above, at Taylors Falls, Chisago County; and (339k) sandstone near Winona, Winona County; all in Minnesota.

(89) Limestone in Murphrees Valley, Blount County, Alabama.

(374d) Shale 2 miles (3.2 km.) north of Rotherwood; and (124a) shale (Nolichucky?) overlying the limestone

which rests on the Rogersville shale, on Big Creek, southeast of Harlan Knob, 4 miles (6.4 km.) northeast of Rogers-

ville [Keith, 1905, p. 4, and areal geology sheet]; both in Hawkins County, Tennessee.
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(355) Sandstones on Red Canyon Creek, southwest side of Black Hills; (355d) sandstone in the Black Hills;

(164) sandstone in the Deadwood formation p the cliffs on the east side of the valley near Deadwood, Black Hills;

(167) sandstone beneath limestone and resting on the pre-Cambrian in a bluff 9 miles (14.4 km.) west of Custer,

Black Hills; and (355b) sandstone in the Deadwood formation on Castle Creek, west side of Black Hills; all in South

Dakota.

(171 and 171a) Sandstone in Big Goose Creek Canyon, Bighorn Mountains, west of Sheridan, Sheridan County;

(302m) middle of shale above lower sandstone on Billy Creek, in the Bighorn Mountains, Sheridan County; and (340c)

dark-red sandstone near the base of the Cambrian at Rawlins, Carbon County; all in Wyoming.

LiNGULELLA (LlNGXJLEPIs) ACTJMINATA MEEKI (Walcott).

Plate XLI, figures 2, 2a.

Lingulepis meehi Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 405. (Described and discussed as below as a new
species.)

Obolus (Lingulepis) acuminatus meehi Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 444, PL LX, figs.

1 and la. (Text copied from preceding reference. The specimens represented by figs. 1 and la are redrawn

in this monograph, PI. XLI, figs. 2 and 2a, respectively.)

Obolus (Lingulepis) acuminata weehsi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 333. (Merely used for Obolus

(Lingulepis) acuminata meehi by mistake in discussion of " Obolus (Lingulepis) eras.")

Shell small, attenuate, marked by rather strong concentric lines and striae of growth,

and interrupted, irregular, radiating striae.

Ventral valve narrow, elongate, beak acuminate, rostral slopes long, nearly straight,

passing gradually into the curvature of the anterolateral margins, and posteriorly meeting

at a very acute angle; front strongly rounded. Length of valve, 8 mm.; width, 3.5 mm., the

widest portion being near the anterior extremity. Beak slightly upcurved, the longitudinal

median line straight or even slightly concave from the apex of the beak to the middle, where

it begins to slope gently to the frontal margui; transverse curvature very slight anteriorly,

more convex than the beak.

Dorsal valve more convex than the ventral, linguliform ; beak depressed, bluntl.y rounded,

curving evenly and gradually to the semitruncate anterior margin.

Observations.—The interior markings of this shell have not been ascertained, but the

external characters are such as to make a reference to the subgenus Lingulepis more than

probably correct. The flat, acute-acuminate ventral vah^e with its elevated or retrorse beak,

which is not covered by the smaller dorsal valve, is characteristic of Lingulepis.

There is a form from. Texas, probably identical with Lingulella perattenuata (Whit^eld)

that might be mistaken for this variet}', but it is an undoubted Lingulella and does not show

the external characteristics of lAngulepis. A comparison of Lingulella (Lingulejns) acuminata

meelci with the young 'and narrow specimens of L. (L.) acuminata (Conrad) shows it to vary

from that species, the posterior rostral slopes of X. (L.) acuminata possessing a peculiar incurv-

ing which is not shown in L. (L.) acuminuta meeM.

After the publication of "Lingulepis meelci'' [Walcott, 1897, p. 405] shells were collected

from the north end of the Teton Range, which showed that that form was very closely related

to L. (L.) acuminata. As all the Teton Range shells were quite small and the majority had

the characters of "Lingulepis meelci," the latter was reduced to a variety of L. (L.) acuminata

[Walcott, 1899, PL IjX, figs. 1 and la], and the Teton shells were included with those from the

Gallatin Range.

The varietal name was given in honor of. Dr. F. B. Meek.

Formation and locality.—Middle Cambrian : (302b) Limestones near Crowfoot Ridge, Gallatin quadrangle ( U. S.

Geol. Survey), Yellowstone National Parh; and (4e) limestones about 950 feet (289.6 m.) above the unconformable

base of the Cambrian in the divide at the head of Jackson Creek (locally known as Sheep Creek), a creek flowing into

Jackson Lake about 0.5 mile (0.8 km.) south of its northwest corner, Teton Mountains, Grand Teton quadrangle (U. S.

Geol. Survey), Uinta County; both in Wyoming.

(4h) About 375 feet (114.3 m.) above the base of the Cambrian in limestone interbedded in the Flathead shales

of Peale [1893, p. 21], 1 mile (1.6 km.) north of the junction of East Gallatin and West Gallatin (Gallatin) rivers, 4

miles (6.4 km.) east-northeast of Logan, Thi-eeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.
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I y LlNGULELLA CLiNGULEPIs) ACUMINATA SEQUENS Walcott.

Text figures 46A-B.

Glossina acuminata Hall and Clakke [not Conrad], 1892, Eleventh Ann. Kept. State Geologist New York for 1891,

PI. I, figs. 10 and 11. (No text reference.)

Lingula {Glossina) acuminata Hall and Clarke [not (Conrad)], 1892, Nat. Hist. New York, Paleontology, vol. 8,

pt. 1, PI. I, figs. 1 and 2. (No text reference. Figs. 1 and 2 are copied from Hall and Clarke, 1892a, PL I,

figs. 10 and 11, respectfully.)

Lingulella (Lingulepis) acuminatasequensWA-ijCOTT, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 72, PL VIII, fig. 4.

(Characterized and discussed as a new variety. Fig. 4 is copied in this monograph as fig. 46A.)

This variety differs from LinguleUa {Lingulepis) acuminata (Conrad) in being somewhat
less attenuate in its ventral valve, and in having the cardinal slope of the ventral valve straight,

instead of gently incurved.

It occurs at a sKghtly higher geologic horizon than L. (L.) acuminata, and appears to be
a form, derived from that species.

Judging from Hall and Clarke's illustrations [1892a, PI. I, figs. 10 and 11] they had rep-

resentatives of this variety of LinguleUa (Lingulepis) acuminata and mistook them for the

form illustrated by Hall [1847, p. 9] as Lingula acuminata. That figure represents a typical

form of L. (L.) acuminata, and is not the variety illustrated by
Hall and Clarke in 1892.

The specimens illustrated by Hall and Clarke are given as

from Saratoga County, New York, "Calciferous sandstone."

The specimens wliich I have taken as typical of this variety

are from Division A of the Beekmantown limestone.

This form owes its varietal name to the fact that it is a

later representative of the species. ^ B
Figure 46.—LinguleUa (Lingulepis) acumi-

Formation and locality.—Ordovician: (367c) Beekmantown limestone, nata sequens Walcott. A, Ventral valve

Division A; quarry near the northwest suburb of Ticonderoga, Essex County, showing nearly straight lateral slopes

New York
~

^^' ®- ^'^*' '*^"^' *^^'- ^°- 53076a). B,

^^ Dorsal valve (U. S. Nat. Mas. Cat. No.

Lingulella (Lingulepis) eeos (Walcott). sssTsb).

,
' The specimens represented are from Lo-

Plate XXXIX, figures 9 and 9a. cality 367c near Ticonderoga, New York.
Fig. 46A is copied from Walcott [1908d, PI.

Obolus (Lingulepis) eras Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 333. vill, fig. 4]. it represents the type speci-

(Described and discussed as below as a new species.) men.

Ventral valve elongate with rostral slopes gradually converging so as to form an acuminate
beak. Surface marked by fine concentric hues of growth and very fine, somewhat irregular,

concentric strise. Rather large scattered punctse occur on the interior surface.

This species is represented by fragments and two broken ventral valves; these indicate a

length for the ventral valve of from 7 to 10 mm. It is alhed to LinguleUa (Lingulepis) acumi-
nata meeM ° (Walcott) of the Middle Cambrian fauna of the Teton mountains of Wyoming.

Formation and locality.—Middle Cambrian: (C7) Lower limestone member of the Kiulung group [Black-

welder, 1907a, pp. 37 and 39 (last list of fossils), and fig. 8a (bed 33), p. 29], 2.2 miles (3.5 km.) southwest of Yenchuang,
Sintai district. Shantung, China.

Linguella (Lingulepis) exigua (Matthew).

Plate XXXIII, figures 4, 4a; Plate XLIII, figures 1, la-z.

Obolus (Lingulepis) gregwa Walcott (in part) [not (Matthew)], 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 692-694.

(Described and discussed almost as on pp. 552-553, with the exception of the notes under "Observations,"
which have been rewritten in this monograph. The following species were included in this reference: Lingu-
lella (Lingulepis) exigua, L. (i.) gregwa, Lingulella tumida, and L. atava.)

a Written "week.ii" in the original description [Walcott, 1905a, p. 333] through mistake.
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Lingulepis starri var. Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 193-197, PI.

XIV, figs. 2a-c. (Gives an essential copy (rearranged) of the description given by Walcott, 1901, pp. 692-694,

and describes and discusses the specimens referred by Walcott to Obolus (Lingulepis) gregwa as belonging to

an undetermined variety of Matthew's "Lingulepis starri.")

Lingulepis starri exigua Matthew, 1903, idem, pp. 197-198, PI. XIV, figs. 3a-d. (Described and discussed as a new
variety.)

General form elongate ovate \vith the ventral valve acuminate and the dorsal valve ovate

triangular in outKne. The outline of the valves varies, as shown by the series of figures on

Plate XLIII and by many other specimens not illustrated. The convexity of the valves A^aries

with the condition of the preservation, those from the sandstone being rather strongly convex,

while those in the shale are very much compressed. On the dorsal valve of the youngest

shells there is a marked and rather broad, shallow sinus extending from the umbo to the front

where it flattens out.

One of the largest ventral valves has a length of 21 mm., with a width of 18 mm. A
dorsal valve 16 mm. in width has the same length; other examples are a little wider than long.

Surface of the shell marked by concentric striae and undulations of growth, over which

there is a series of very fine, elevated, sharply undulating and inosculating lines that form a

minute irregular network over the surface, very much Hke that of Lingulella (Lingulepis)

gregwa (Matthew), except that the irregular lines are very much finer on the latter. Where
the lines are strongly elevated the effect is that of a minutely granulose surface. In some
examples the surface suggests an incrusting or scabrous outer layer of shell covered Vfith

minute points. When the thin outer layer of the shell is exfoliated the surface of the various

bright, sliiny, inner layers is minutely granulose, in addition to the flattened, radiating strise

and concentric lines of growth. The interior surface of both valves is often marked by con-

centric rows of strong pits or punctte very much as in Lingulella davisi (McCoy) (PI. XXXI,
fig. 6g). In some specimens the lines of punctse extend over the surface of the visceral cavity

so as to obscure the vascular markings and muscle scars. In some examples only a few scat-

tered punctse occur, while in others they are present over nearly the entire surface. The small

shells are tliin, but the larger ones are built up of a very tlun outer layer and several inner

layers or lamellae that are more or less obUque to the outer surface, especially over the anterior

and lateral portions of the shell.

The plane of the cardinal area of the ventral valve is nearly coincident, near its edges, with

the edge of the shell. The area is long and extends well forward on the cardinal slope. It is

divided midway by a narrow, rounded, deep pedicle furrow, and about half way between the

pedicle furrow and the lateral margins by an unusually well-defined flexure line wliich is in

fine with the main vascular furrows of the interior of the valves; fine strife of growth cross the

area and arch around the pedicle furrow parallel to the base of the area. There is practically

no undercut beneath the area except near the flexure fine at the frontal margin of the area.

The area of the dorsal valve is short, narrow, and crossed by fuie lines of growth parallel to

its base.

The cast of the visceral cavity in the ventral valve shows it to have been relatively smaU
and usually confined to the posterior half of the shell, although in some shells it extends past

the center (PL XLIII, fig. Iq). There are no traces of a median septum in the ventral valve; in

the dorsal valve, at the bottom of the groove between the central muscle scars, there is a sUghtly

elevated median line that extends forward to the anterior margin of the visceral cavity beyond
the anterior lateral muscle scars. The visceral cavity of the dorsal valve usually extends

forward to about the center of the valve, but in a series of specimens collected in 1903 a number
of interior casts show the front of the visceral area varying in position from back of the center

to nearly the frontal margin of the sheU ; it varies in width and outline very much as the shells

vary, being wide in broad shells and narrow in elongate forms.

The markings left on the shell by the vascular system are very strong and beautifully pre-

served in some portions. The direction and size of the main sinuses are v.^ell shown by the

illustrations; in some shells there is a double groove with a slight ridge between; in others the
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ridge is large, only a trace of an outer groove remaining; in some young shells the groove is

broad and shallow; in all sliells the large size of the main vessels is shown by the broad, strong

grooves or ridges left on the shell. It frequently happens tliat the lines of sharply defined pits

on the lines of growth deeplj^ indent the grooves and rormded ridges left by the main vessels

and mark them off into sections. The interior and lateral vessels left narrow but strong grooves

or ridges on the shell, which, however, are usually obscured by the strong pitting of the surface.

The parietal scar surrounds the visceral cavity in each valve, crosses the course of the main
vascular vessels, and comes back around the spaces occupied by the muscle scars, terminating

at the edge of the area at the flexure line in the ventral valve; termination unknown on the

dorsal valve.

Some of the muscle scars are finely shown in the dorsal valve and fairly well in the ventral.

The umbonal scar of the ventral valve is divided, the pedicle scar being situated between the

two parts. In the dorsal valve the umbonal scar is close to the area, and extends nearly as far

each side of the median hne as the length of the area.

The scars of the central muscles in the ventral valve are crowded in with the middle and
outside laterals within the trapezoidal space (c, PI. XLIII, figs. Iq and Is). In the dorsal

valve they are located on a low ridge each side of a central, longitudinal median depression;

they are elongate oval in outline, their major axis being subparallel to the median line of the

shell; fine longitudinal lines cross the scars in the best preserved specimens; the ridge on wMch
the central scars occur varies in strength, but it appears to be present in all adult shells; it

narrows gradually posteriorly and rather rapidly to the inner side of the anterior lateral muscle

scars. The anterior laterals of the ventral valve are placed well back on the narrow space

between the edge of the area and the main vascular sinus; they are elongate and rather large;

in the dorsal valve they are elongate with the major axis inclining toward the median line (PI.

XLIII, figs. Ir and ly). The middle and outside laterals are situated in the trapezoidal area

(c) of the ventral valve, but neither is clearly separable fi-om the other or from the central

scars. In the dorsal valve the position of the middle and outside laterals is shown, but not

their form or size. The transmedian scars in the ventral valve are seen just back of the anterior

laterals, but they have not been observed in the dorsal valve owing to the imperfections of the

shell.

Observations.—This is one of the most interesting species of LinguJepis I have knoAvn. In

its coarsely pitted inner surface it recalls Lingulella davisi (McCo}^) (PL XXXI) of England, and
Oholus willisi (Walcott) (PL XXIII) of the southern Appalachians. The elongate ventral

valve is hke that of Lingulella {Lingulefis) acuminata (Conrad), whUe the interior scars and
markings are those of Oholus. With L. (L.) gregwa (Matthew) and L. (L.) starri (Matthew) it is

the Atlantic coast representative of L. (L.) acuminata which is so abundant in the Mddle
Cambrian of the Upper Mississippi VaUey, and in the passage beds between the Cambrian and
the Ordovician in the region adjoining the Adirondack Mountains of New York. It differs

from L. (L.) acuminata in its surface characters.

The shells embedded in the fine-grained shales are all flattened and more or less distorted by
compression, while those in the sandy layers interbedded in the shales retain their original

convexity, although fi-equently distorted and fractured by movement of the matrix. The
fracturing of the brittle, mineralized shell is beautifully illustrated by Plate XXXIII, figure

4a, which represents the sOiceous fillings of the fi'actures, the shell substance having been

dissolved with acid.

Typical specimens of Lingulella (lAngulepis) exigua have narrow, elongate ventral valves and
broadly oval dorsal valves. I was at first strongly inclined to separate the broad, thick shells

as a distinct species, but on finding a series of connecting forms and observing that the surface and
interior markings were similar, I decided to unite them. The shells vary materially in their

external aspect in the different layers of siliceous rock, but when the shell substance is removed
by acid it is found that their interior and exterior characters are the same. The tj'pical forms

of L. (L.) exigua are represented in Plate XLIII, by figures 1, la-b, Id, Ig-j, and the variations



554 CAMBRIAN BRACHIOPODA.

by figures If, lo-s. With growth in size and age the shell increases in thickness notably over the

posterior portions.

In some notes [1901, p. 692] on "Lingulepis gregwa" (Matthew), I identified this shell as

"Oholus (Lingulepis) gregwa." It is closely related to it but difl^ers in the surface characters.

The exterior shell of LinguleUa (Lingulepis) gregwa is marked by fine, irregular, elevated, and

sometimes inosculating ridges that have a row of minute tubercles on them that give a beaded

appearance to each ridge. The surface of the shell of L. (L.) exigua has a much more minutely

granulose surface formed by very irregular, inosculating, elevated lines or ridges, much like

that of L. (L.) roherti (Matthew).

Matthew [1903, p. 193] refers this form to "Lingulepis starri var." With the types of

slarri as a basis of comparison I find that the type of surface of starri is as stated by Matthew

[1891, p. 147]: "Each valve is ornamented by numerous, concentric furrows, closely set, about

12 to 15 to a millimeter." I find 8 to 10 on one of the typical specimens. This surface is quite

unhke the surface of L. (i.) exigua which is as described above. Wlaen the thin outer layer is

exfoliated the concentric striae and ridges of growth are like the surface of starri, but the outer

surface is roughened ("granulated," Matthew) in a manner unlilve the surface of L. (L.) exigua.

It has the appearance under a strong magnifier of a surface produced by fiae points distributed

over an incrusting layer of shell.

Formation and locality.—ITpper Cambrian: (3n) Thin-bedded sandstone on Salmon River, Gillis Hill, 13 miles

(20.9 km.) south of Marion Bridge, eastern Cape Breton, Nova Scotia.

Middle Cambrian: (3i) Compact, fine-grained, thin-bedded, gray sandstone of the Paradoxides zone [horizon of Division

C&h, Mattheio, 1903, p. 195], on McLean BrooTc, 1 mile {1.6 km.) east of McCodrum Brooh and 1.5 miles (2.A hm.) west

of Marion Bridge; (10s and lOt) sandstone on McLean Brook, near Marion Bridge; (307f [Matthew, 1903, p. 198]) shale

of Division C2a on McLean Brook, Mira River; (307g [Matthew, 1903, pp. 195 and 198]) shales of Division C2b on

McLean Brook, Mira River; (13r) sandstone of the "Johannian" Division of Matthew's section on Gillis Brook, Bast

Bay, east of Bras d'Or Lake; and (llz) sandstone on Big Ridge, 2 miles (3.2 km.) south of Marion Bridge, on the

canal of John McDougald; all in eastern Cape Breton, Nova Scotia.

, LiNGXJLELLA (LiNGULEPIs) GREGWA (Matthew)

.

Plate XLIV, figures 1, la-p.

Idnguklla gregwa Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pp. 199-200, PI. I, figs. la-f. (De-

scribed and discussed as a new species.)

Oholus {Lingulepis) gregwa Walcott (in part), 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 692-694. (The following

species were included under LinguleUa (Lingulepis) gregwa in this reference; LinguleUa (Lingulepis) exigua,

L. (L.) gregwa, LinguleUa tumida, and L. atava. The specimens upon which the description was based are now
referred to LinguleUa (Lingulepis) exigua.

Lingulepis gregwa Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 56-57. (Notes

on orientation of shells.)

Lingulepis gregiva Matthew, 1903, idem, pp. 126-131, PL IX, figs. 3a-f. (Described and discussed. Figs. 3a-f are

copied from Matthew, 1899, PL I, figs, la-f.)

The description of LinguleUa (Lingulepis) exigua (Matthew) applies very closely to this

species, with the exception of the surface characters and details of outline, and the interior

markings of the valves. As a whole, the ventral valve of L. (L.) gregwa is less acuminate,

and the outline of the dorsal valve is more rounded posteriorly. A comparison of the series

of illustrations of the two species fully exliibits the differences referred to. The exterior sur-

face of the shell of L. (L.) gregwa is marked by a few, strong, concentric lines of growth, and

numerous fine, concentric, irregular, often inosculating ridges having a row of minute tubercles

on them that gives a beaded appearance to each ridge. This appearance is unmistakable when
the outer shell is at all weU preserved. There are also indications of very fine radiating ridges,

irregularly dispersed over the surface of the shell. Wlien the thin, higlily ornamented outer

layer is exfoliated the various lamellse of the shell show very fine, radiating strise, and a few

concentric lines of growth. The interior of the shell has rather large scattered punctse, and

occasionally a specimen shows the punctae gathered in concentric lines. The shell is built up

of a thin outer layer and several inner layers, or lamellae, that are more or less obfique to the
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outer surface, especially over the anterioi- and lateral portions of the shell, where they are

much more numerous. In many specimens the shell substance has been replaced by calcite.

Interiors of the ventral valve show considerable difference in the position of the main

vascular sinuses. They are usually well out toward the sides. In the dorsal valve the main
vascular sinuses are widely separated, and the visceral area is well extended toward the

front.

Observations.—^Wlien studying the collections made by S. Ward Loper on McLean Brook

in 1900, 1 identified the shells now placed under Lingulella (Lingulepis) exigua a,s "Obolus {Lin-

gulepis) gregwa." But at that time I had only the somewhat imperfect material in Matthew's

collection from Dugald Brook for the purposes of comparison. With a large series of well-

preserved specimens collected on Dugald Brook in 1901 by Loper, the fact that the two species

had been confused became at once apparent. Lingulella {Lingulepis) gregwa is found in great

numbers at a lower stratigraphic horizon beneath the Paradoxides zone, wliile L. (L.) exigua

occurs at the summit of the Middle Cambrian fauna in association with Paradoxides. Both
species have strong points of resemblance to L. (L.) acuminata (Conrad) and both, in their

younger stages, depart to such an extent from the typical forms of the adult shell that they

might be considered a distinct species if found at another locality or stratigrapliic horizon.

The specific name is derived from Gregwa Brook, on wliich specimens of the species occur.

Formation and locality.—Middle Cambrian: (lOp) Sandstone just below the waterfall in Division E2b of

Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River; (lOp') sandstone one-fourth mile (0.4 km.)
from lower bridge, on Gregwa Brook, Indian River; (lOp'') sandstone on the small brook on the hill between the

bridge over Indian River and McPhees Brook; (13t") sandstones of Divisions Elc and Eld of Matthew's [1903, p. 21]

Etcheminian, on Dugald Brook, Indian River; (344e [Matthew, 1903, p. 78]) shales of Division Eld of Matthew's

[1903, pp. 28 and 29] Etcheminian, on Boundary Brook, eastern side of the Escasonie Indian Reservation; (344ka

[Matthew, 1903, p. 77]) sandstones of Division Elb of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian

River; (344m [Matthew, ,1903, p. 78]) sandy shales of Division Eld of Matthew's [1903, -p. SI] Etcheminian, on Dugald
Brook, Indian River; and (344n [Matthew, 1903, p. 33]) shales in the gorge at the old mill on McCodrum Brook, Mira

River; all in eastern Cape Breton, Nova Scotia.

Lingulella (Lingxjlepis) geegwa robusta (Matthew).

Idngulepis gregwa robusta Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 57. (Notes

on orientation of shells.)

Lingulepis gregwa robusta Matthew, 1903, idem, p. 131. (Characterized as a new variety.)

Matthew separates a form with a thicker sheU and straighter cardinal margins as the

variety robusta. My impression is that these characters are so largely the result of the con-

dition of preservation of the specimens in the matrix that the variety has very little value.

Formation and locality.—Middle Cambrian : (lOp) Sandstone just below the waterfall in Division E2b of Matthew's

[1903, p. 21] Etcheminian, on Dugald Brook, Indian River; (lOp') sandstone one-fourth mile (0.4 km.) from lower
bridge, on Gregwa Brook, Indian River; (lOp") sandstone on the small brook on the hill between the bridge over
Indian River and McPhees Brook; (13t") sandstones of Divisions Elc and Eld of Matthew's [1903, p. 21] Etche-
minian, on Dugald Brook, Indian River; (344h [Matthew, 1903, p. 79]) sandy layers in the shales of Division Ele of

Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River; and (344m [Matthew, 1903, p. 78]) sandy shales

of Division Eld of Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River; all in eastern Cape Breton,

Nova Scotia.

Lingulella (Lingulepis) longinervis (Matthew).

Plate XLIV, figures 2, 2a-g.

Lingulepis longinervis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 133-135, PI.

\ VII, figs. 6a-g. (Described and discussed as a new species. The specimen represented by figure 6f is redrawn
in this monograph, PI. XLIV, fig. 2e.)

This species diuers from Lingulella (Lingulepis) gregwa (Matthew) in having the sides of

the ventral valve extended in a nearly straight line bej^ond the center of the valve. Some of

Matthew's specimens have a concentrically striated surface with only a trace of the character-

istic surface of L. (L.) gregwa. Others show more of the ornamented surface, and in specimens

a Doubtfully identifled from this locality.
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collected by S. Ward Loper from the same beds from which the types of L. (L.) longinervis

came, the surface is indistinguishable from that of L. (L.) gregwa.

Matthew [1903, p. 134] considers the long, large "visceral callus" of the dorsal valve as the

most prominent characteristic of this form. I find in L. (L.) gregwa (Matthew) and L. (L.)

exigua (Matthew) that the visceral area in many specimens extends nearly to the front of the

dorsal valve and that the length and strength of the visceral area in both ventral and dorsal

valves of Lingulepis are not usually characters to be depended upon as criteria for specific

determinations. The position assigned to the central and anterolateral muscle scars by Matthew
[1903, PI. VII, figs. 6e and 6f] appears to be theoretical, as a most careful study of the typ-

ical specimens fails to locate them as indicated in the figures. In fact, the specimens are too

poorly presei'ved to indicate clearly where the scars are. Fine casts of the interior collected

by Loper show the scars named farther toward the central portion of the shell.

Lingulella (Lingulepis) longinervis differs from L. (L.) exigua (Matthew) in its less atten-

uate ventral valve and less robust character in both size and thicloiess of shell.

The specimens collected by Matthew are small and do not show the variation that exists

in the collection made by Loper. In a laj'^er of reddish brown sandstone Loper found a great

number of shells varying in size and form from those similar to Matthew's tj^pes to shells nearly

twice as large. In a layer of hard gray standsone, 5 feet above, all the specimens are similar in

size and form to those collected by Matthew. Lingulella triparilis (Matthew) occupies a

position intermediate in form between L. (L.) gregwa (Matthew) and L. {L.) longinervis, and

the surface characters of the three species are essentially of the same type.

Formation and locality.—Middle Cambrian: (372f) shales of unknown stratigraphic position; (13d'') sand-

stones 10 feet (3 m.) below Division E2a; (13g) sandstones 10 feet (3 m.) above Division E2a; (13f) sandstone 20 feet

(6 m.) above Division E2a; (13p and 13p0 sandstones 40 to 45 feet (12.2 to 13.6 m.) above Division E2a; (13d) sand-

stones opposite the thii-d waterfall in Dugald Brook, between Divisions E2a and E2b; (lOp) sandstones just below the

waterfall, in Division E2b; (3440 [Matthew, 1903, p. 134\) sandstones of Division E2h; and (131) shaly sandstones of

Division E3a; all in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape Breton, Nova
Scotia. ,

I

(lOp') Sandstone one-fourth mile (0.4 km.) from lower bridge, on Gregwa Brook, Indian River; and (lOp") sand-

stone on the small brook on the hill between the bridge over Indian River and McPhees Brook; both in eastern Cape

Breton, Nova Scotia.

Lingulella (Lingulepis) pumila (Matthew.)
(/

Plate XLV, figures 3, 3a.

Lingulepis pumila Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 7.5, PI. VII, figs.

5a and 5b. (Described as a new species. The specimens represented by figs. 5a and 5b are redrawn in this

monograph, PI. XLV, figs. 3 and 3a, respectively.)

This species differs from Lingulella tripiarilis (Matthew) and Lingulella {Lingulepis) gregwa

(Matthew) in having a more attenuate ventral valve. In this respect it resembles the narrow

forms of L. (L.) longinervis (Matthew). The material is poor, so that only the general form

can be used to characterize it. One dorsal valve shows that the shell was thick, very much as

in L. (L.) exigua (Matthew). The surface of exfoliated shells is nearljr smooth. Matthew

[1903, p. 75] describes the outer surface as consisting of irregular concentric ridges, about six in

the space of a millimeter.

Formation and locality.—Middle Cambrian: (344f [Matthew, 1903, p. 72]) Shales in the Coldbrook terrane of

Matthew, on Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

Specimens that are somewhat doubtful!}^ referred to this species occur at the following

locality

:

Middle Cambrian: (13k) Shales of Matthew's [1903,p. 15] Coldbrook, above the great fall in Dugald Brook, Indian

River, eastern Cape Breton, Nova Scotia.

Lingulella (Lingulepis?) pygm^a (Salter).

Plate XXX, figure 10.

Lingula pygmsea Salter, 1865, Quart. Jour. Geol. Soc. London, vol. 21, p. 102, figs. 8a and 8b, p. 101. (Described as a

new species; see p. 557 for copy. Figs. 8a-b are copied in this monograph, PL XXX, fig. 10.)
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Lingula pygmaea Salter, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, p. 53, PL II, figs. 8 and 8a.

(Text and figures copied from the preceding reference.)

Lingula pygmxa Salter, Phillips, 1871, Geology of Oxford and the Valley of the Thames, p. 68, Diagram XVII, fig. 13.

(No text reference.)

Lingula jtygmxa Salter, Matlet, 1902, Quart. Jour. Geol. Soc. London, vol. 58, p. 141. (Synonymy given and species

mentioned.)

The original description by Salter follows:

Minute, subcylindrical, gibbous; beak somewhat obtuse; anterior margin truncate; shell thin; surface finely

striated transversely. Length, j\- inch; width, ^-^ inch. In the Black shales.

The Black shales are refei'red to the Upper Cambrian, the locality being in the eastern por-

tion of the Malvern Hills of England. Davidson [1866, p. 53] states that he could only repro-

duce Salter's description and figure, as he had not seen specimens of the shell. The figure given

by Salter [1865, figs. 8a and 8b, p. 101] is that of an elongate, cuneate shell more like the typical

form of Lingulepis than Lingulella. From its form and the fact that it occurs in association

with the Olenus fauna it is probable that it should be referred to Lingulepis.

Formation and locality.—Upper Cambrian: (304f [Salter, 1865, p. 102]) "Black shales" in the Malvern Hills,

between Herefordshire and Worcestershire, England.

Lingulella (Lingulepis) robeeti (Matthew).

Plate XXXVII, figures 4, 4a-d.

Lingulella roberti Matthew, 1895, Trans. Roy. Soc. Canada for 1895, 2d ser., vol. 1, sec. 4, No. 13, pp. 256-257, PI. I,

figs. 2a and 2b. (Described and discussed as a new species. Plate XXXVII, figs. 4, 4a-d of this monograph are

drawn from specimens in Matthew's type material, and it is possible that the specimens represented by figs. 4a

and 4b are the ones figured by Matthew, figs. 2a and 2b, respectively, but positive identification is impossible.)

Lingulepis roberti Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 132, PI. VIII, figs.

5a-b. (Text and figures copied from the preceding reference.)

General form elongate ovate, with the ventral valve acuminate and the dorsal round ovate.

The cardinal slopes of the ventral valve are in some shells slightly incurved as in Lingulella

{Lingulepis) acuminata (Conrad); a portion of this curvature, as shown in Plate XXXVII,
figures 4 and 4a, may be owing to the lateral compression of the shells. The convexity of the

ventral valve is moderate, while that of the dorsal is unusually large (PI. XXXVII, fig. 4b).

This may be owing to the deformation of the shell by lateral pressure in the matrix.

Surface of the shell marked by very fine, obscure, radiating striee and narrow undulations,

and very fine, irregular, concentric striae between relatively strong striae and lines of growth.

The irregular striae inosculate, Plate XXXVII, figure 4c, so as to give an appearance much
like that of Oholus (Westonia) ella (Hall and Whitfield) (PL XLVII, fig. lo). When the thin

outer layer is exfohated, the dark shiny surface of the inner layers shows radiating striae and
concentric lines of growth. The inner surface appears to have been punctate to a moderate
degree. The shell is moderately thick and is built up of a thin outer layer and several inner

layers or lamellae that anteriorly are sUghtly obUque to the outer layer, much as in Lingulella

acutangula (Roemer).

The largest ventral valve among the type specimens has a length of 13 mm.; width, 9

mm.; the width is narrowed 2 or 3 mm. by the lateral compression. A dorsal valve that

is very httle, if any, distorted is 10 mm. long and 10 mm. wide. A trace of the pedicle groove

in the ventral valve is shown by Plate XXXVII, figure 4a. The area of the dorsal valve is

not preserved in any of the specimens sent to me by Matthew.

The cast of the visceral cavity is shown in Plate XXXVII, the ventral valve in figure

4a and the dorsal valve in figure 4b.

The anterior lateral and central muscle scars are seen in the specimens of the type sent

me by Matthew. In g and h, figure 4b, of Matthew's figures, the umbonal scar is short and
broad, as in Oholus selwyni (Matthew) (PI. XXXVII, fig. If).

The marldngs of the vascular system observed are the main vascular sinuses of the ventral

valve, a trace of them in the dorsal valve, and a little of the parietal scar about the visceral

cavity in the dorsal valve (fig. 4b).
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Ohservations.—This species is related by its form to LinguleUa (Lingulejns) gregwa (Mat-

thew) and L. (L.) longinervis (Matthew), but it differs in its surface characters. In its very-

fine, irregular strise and general form it is closely allied to L. {L.) exigua (Matthew). The
thick, robust shell and numerous strong pits on the inner surface of the shell give the latter

a character not seen in L. (L.) roberti.

The visceral area and muscular scars of the ventral and dorsal valves are much like those

of Oholus selwyni (Matthew) (PL XXXVII), and in specimens of the same size occupy relatively

the same position. The specific variations between the two species appear to be in the shape

of the valves and the character of the finer ornamentation of the surface.

Matthew originally [1895, p. 257] referred this species to the Ordovician fauna, but in

his review of the Cambrian fauna of Cape Breton [1903, p. 132] it is referred to his lower

Etcheminian.

The specific name was given in honor of Mr. J. Alfred Robert, of the Geological Survey of

Canada, who collected the specimens of the species.

Formation AND LOCALITY.—Middle Cambrian : (307d [Matthew, 1903, p. 132]) Sandy limestone of Division E2a?

of Matthew's Etcheminian, on Young (McFees) Point [Matthew, 1903, p. 19], near George River station, Cape Breton,

Nova Scotia.

LiNGXJLELLA (LiNGULEPIS) EOWEI (Walcott).

Plate XXI, figures 4, 4a-b.

Oholus (Lingulepis) rowei Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 334. (Characterized as a new species.)

This shell differs from LinguleUa (Lingulepis) acuminata (Conrad) and other species of

LinguleUa and LinguleUa (Lingulejns) in the sharp, fine, concentric ridges of the outer surface,

about six to the millimeter. This surface resembles closely that of Oholus (Palseoholus) ire-

tonensis Matthew. The material is not well preserved, but there is sufficient to illustrate the

form of the valves and the character of the surface. A fragment shows a more attenuate

posterior portion of a ventral valve than the one illustrated.

The specific name is given in memory of Mr. R. B. Rowe, assistant geologist of the

United States Geological Survey, who collected the material a short time before his death.

Formation and locality.—Lower Cambrian: (14p) Reddish-brown quartzitic sandstone, near Resting (Fresh-

water) Springs, which is in the southwest corner of T. 21 N., R. 8 E., on Amargosa River, in the southeastern part

of Inyo County, California.

LiNGULELLA (LiNGULEPIS) SPATULA (Walcott).

Plate XIX, figures 5, 5a-b.

Obolus {LinguleUa) spatulus Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 607. (Described and discussed as below

as a new species.)

General form of the ventral valve spatulate, the sides sloping from the apex forward with

a very slight curvature to the anterior fifth of the sliell, where they pass into the broadly

rounded frontal margin.

Dorsal valve ovate with the greatest width toward the front. Convexity moderate, and

about equal in both valves. A ventral valve 9 mm. in length has a convexity of about 1 mm.
A fragment of the outer surface indicates that the surface was relatively smooth, being broken

only by fine, scattered strise of growth. The inner layers show concentric lines, also fine,

radiating striae. The interior of the sheU was marked by scattered pustules, concentric striae,

and a few radiating lines.

The largest ventral valve has a length of 9 mm. and a width of 6 mm. A dorsal valve

5 mm. in width has a length of 7 mm.
The only trace of the vascular system preserved is the median ridge of the dorsal valve,

which extends forward to the anterior fourth of the shell.

Observations.—This very pretty httle shell occurs in abundance in the chocolate brown

sandstone interbedded in the shales, just above the massive "Tonto" sandstone. It is distinct
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from all other species known to me from the Cambrian rocks of the Grand Canyon region.

Oholus ( Westonia) chuarensis (Walcott) occurs in a layer of sandstone 50 or 60 feet higher up

in the section.

Formation and locality.—Middle Cambrian: (74d) Sandstone beds in "Tonto" shale just above massive

sandstones near mouth of Bass Canyon, on the south side of the Grand Canyon of the Colorado, southeast of Powells

Plateau, Arizona.

LiNGIILELLA (LlNGtJLEPIS ?) SQUAMOSA (Holl)

.

Plate XXX, figure 9.

Lingula squamosa Holl, 1865, Quart. Jour. Geol. Soc. London, vol. 31, pt. 1, p. 102. (Described as a new species;

see below for copy.)

f Lingula squamosa Holl, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, p. 41, PL II, fig. 7. (Copies

the original description and discusses species. Fig. 7 is copied in this monograph, PL XXX, fig. 9.)

The original description by Holl follows:

Triangular, broad anteriorly, compressed; beak acute; anterior margin truncate; shell thick, strongly grooved

from side to side by imbricating lines of growth. Length, one-fourth inch. In the light-brown felspathic sandstone

of the Hollybush series.

The sandstone of the Hollybush series is beneath the Black shales in which Lingulella

(Lingulepisf) pygmsea (Salter) occurs, but appears to form a portion of the Upper Cambrian
of the Malvern Hills section. The species has a peculiar cuneate form, more like that of L. (L.)

acuminata (Conrad) than any other European shell known to me. On this account it is

referred to the subgenus Lingulepis.

Formation and locality.—Upper Cambrian: (3042 [Holl, 1865, p. 102]) Sandstones of the Hollybush series,

Malvern Hills, between Herefordshire and Worcestershire, England.

Lingulella (Lingulepis) starri (Matthew).

Plate XXXVII, figures 2, 2a-b.

Lingulella starri Matthew, 1891, Trans. Roy. Soc. Canada for 1890, 1st ser. vol. 8, sec. 4, No. 6, pp. 146-147, PI. XV,
figs. 5a-c, 6a-b. (Described and discussed as a new species. According to Matthew the type specimens have
been mislaid or lost, and the specimens represented in this monograph are from new material collected by him.)

Lingulepis starri Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 195. (Mentioned.)

General form cuneate, elongate ovate, with the ventral valve obtusely acuminate and the

dorsal valve broadly ovate; valves appear to have been moderately convex. Outer surface

of the shell marked by fine, concentric, shghtly irregular strise, 8 to 12 in the space of a milli-

meter; when the outer layer of shell is exfoliated coarser concentric strias are seen; and on
the inner surface of the shell strong concentric striae and numerous radiatiag strise occur, the

latter being most prominent on the anterior half of the valves. The shell is strong and is buUt
up of a thin outer layer and several inner layers or lamellae, very much as in Lingulella acutan-

gula (Roemer).

A large ventral valve, as measured by Matthew, has a length of 16 mm.; width, 14 mm.
A cast of the interior of a broken ventral valve shows the visceral cavity (v) and a trace

of the main vascular sinus (PI. XXXVII, fig. 2b).

Observations.—This is one of the large species of the genus and compares in this respect

with Lingulella ampla (Owen) and Oholus ( Westonia) aurora (Hall) . Matthew wrote me that

the type of this species had been mislaid or lost. The illustrations are taken from other speci-

mens identified and labeled by Mm.
The specific name was given in honor of Mr. R. P. Starr, who discovered the species.

Formation and locality.—TTpper Cambrian: (308c [Matthew, 1891, p. 147]) Shales of Division $h of Matthew's

Johannian at St. John; and (2x) thin-bedded sandstones of Division 2 of Matthew [1892, p. 59], on the south shore

of Long Island, Kennebecasis Bay [Matthew, 1898a, pp. 124 and 127]; both in St. John County, New Brunswick.
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LiNGULELLA (LiNGULEPIS ?) sp. Unclt. (Walcott).

Obolus (Lingulepis) sp. undt. Walcott, 1906, Proc. U. S. Nat. Mus., vol. 30, pp. 567-568. (Characterized as below
as an undetermined species.)

This species is represented by a few fragments, one of which shows that the ventral valve

is elongate, and the apex acuminate. The shell was built up of several layers or lamellae, as

in characteristic forms of Lingulella {Lingulepis). The interior surface of some of the lamellae

is marked by fine, radiating, and concentric striae; the outer surface, under a strong magnifier,

shows fine, concentric, somewhat irregular striae.

Formation and locality.—Middle Cambrian: (C72) Thin green-gray limestone interbedded with ocherous and
green clay shales, overlying the massive oolite in the Kichou formation [Willis and Blackwelder, 1907, pp. 139 and
145 (3d list of fossils)], 4 miles (6.4 km.) east of Fanglanchon, Shansi, China.

Genus DELGADELLA Walcott.o

Delgadella Walcott, 1908, Smithsonian Misc. Coll., vol. 53, Ko. 4, PL XI, and pp. 142 and 144. (Classification of

)

The description of the type species includes aU that is known of this genus. The form
of the shell is more like that of Lower Ordovician species referred to Lingula than to the typical

forms of Lingulella or Lingulepis.

Type.—Lingulepis lusitanica Delgado.

The generic name is given in memory of the late Mr. J. F. Nery Delgado, of the Geological

Survey of Portugal.
Delgadella lusitanica (Delgado).

Plate XXIX, figures 5, 5a-b.

Lingulepis lusitanica Delgado, 1904, Communicagoes Commissao Servi?o Geologico Portugal, tome 5, fasc. 2, pp.
365-366, PI. IV, figs. 31-34. (Characterized and discussed in French as a new species. Photographs of the

specimens represented by figs. 31, 32, and 34 are reproduced in this monograph, PI. XXIX, figs. 5a, 5b, and 5,

respectively, each individual figure being a reversed view of Delgado's original figure.)

General form elongate ovate, moderately convex. The greatest width of the ventral

valve is at the anterior third, whence the outline narrows slightly to the broadly rounded front,

and gradually to the subacuminate posterior half.

Dorsal valve unlcnown, unless Plate IV, figure 17, and possibly figure 27, of Delgado,

represents it. However, these two shells are referred in this monograph to Lingulella delgadoi

(p. 491) as they appear to be more closely related to that species than to Delgadella lusitanica.

Shell thick and with a thick margin. This is shown by the casts of the edges of the valves,

as shown by figures 5 and 5a. Shell substance unknown. Delgado [1904, p. 365] states that

the shells range from 5 to 8.5 mm. in length.

Observations.—Delgado referred this species to Lingulepis on account of its general form,

but from the fact that it has a tliick, strong shell and does not have the attenuated extension

of the apex of the ventral valve of the typical forms of Lingulepis I am inclined to refer it to

a new genus characterized by a thick shell, spatulate form, with a subacuminate beak. A
shell agreeing with tliis in outline and form occurs in the Lower Ordovician shales at Kelleys

Island, Conception Bay, Newfoundland.
Delgado [1904, p. 365] compares tliis species with the very young shells of Lingula lesueuri

Rouault [Davidson, 1866, PI. I, figs. 1-11]. If the specimens representing it had been sent

to me without any information as to the associated fauna, I should have been strongly inclined

to refer them to a Lower Ordovician fauna.

Lingulella (Lingulepis) acuminata meelci (Walcott) has a somewhat similar outline, but

that is a thin, corneous sheU of the Upper Cambrian fauna. We must await further discov-

eries of more perfectly preserved material before a more complete description can be given.

o Prior to the definition of the genus Delgaiella the type species was described under Lingulepis [Delgado, 1904, p. 365].
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Mr. Delgado very kindly sent me a specimen of this species, also some large photographs

of specimens illustrated by him. I have reproduced three of these in illustration of the species.

Formation and locauty.—Lower Cambrian: (351 [Delgado, 1904, p. 365]) Shales at Monte de Valbom, north-

east of Villa Boim, Province of Alemtejo, Portugal.

SubfamUy ELKANIIN^ Walcott and Scliucliert.

Genus ELKANIA Ford."

Billingsia Fokd [not De Koninck, 1876], 1886, Am. Join-. Sci., 3d ser,, vol. 31, pp. 466^67. (Described and discussed

as a new genus.)

Not Billingsia Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 5, 21, 60, and 62. (Used in lists for a genus of the

Gastropoda.) •

Elkania Ford, 1886, Am. Jour. Sci., 3d ser., vol. 32, p. 325. (Proposes Elhania for Billingsia, which was preoccupied.)

Elhania Ford, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 241. (Described.)

Elkania Ford, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum tor 1891, p. 557. (Copy of

preceding reference.)

Elkania Ford, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 75-78. (Copies part of

Billings's, 1861b, p. 70, description of "Obolella desiderata" and Ford's, 1886a, p. 467, description of the genus,

and describes and discusses genus.)

Elkania Ford, Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 321-323. (Described and discussed essen-

tially as below. The text includes reference to species now placed under Obolus {Fordinia).)

Elhania Ford, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 144. (Classification of

genus.)

General form ovate, biconvex; shell substance corneous and made up of several thin layers

or lameUse that increase in number toward the front and lateral margins. Surface marked by
fine concentric striae of growth. Apex of both ventral and dorsal valves marginal. The inte-

rior of the ventral valve has a thickened posterior section which has a central pedicle furrow
and two flexure lines running obliquely forward and outward from the apex, a little inside of

the grooves of the main vascular trunks; this structure is apparently the result of the union of

the area with the bottom of the shell so as to bring, as the shell grew, the path of advance of the

pedicle groove, main vascular sinuses, and lateral muscle scars all on one surface instead of on
the area and the shell beneath it as in Obolus.

The muscle scars are arranged as in Oholus. The transmedian and anterior laterals occur
well out toward the margin (PI. LI, fig. 1) and the space inclosing the central, middle lateral,

and outside lateral scars is in the central area, on the front of the slope of the thickened posterior

portion of the valve (PI. LI, figs. 1 and 3a) ; the points of attachment of the individual muscles
can not be distinguished. In the dorsal valve the central and anteri9r lateral scars are clearly

shown in several specimens; the transmedian and outside laterals are situated just outside

the main vascular sinus (PI. LI, fig. Ic). Our knowledge of the vascular markings is limited to

the main vascular sinuses, except in one ventral valve, where the inner branches have been
preserved; in both valves the main trunk rises near the apex and its path is outlined across the
internal cardinal area.

The preceding description differs materially from that of Ford [1886a, p. 467] and Hall and
Clarke [1892c, p. 77]. I find the muscle scars as described above and am compelled to consider

them as indicating the same muscles as in Obolus. That the genus is an advance on Obolus in the
evolution of the inarticulate brachiopods I quite agree with Hall and Clarke [1892c, p. 165], but
not that it is a stage in the transition from Obolus to Trimerella and its allies. (See remarks
on platform, p. 309.) Elkania is an Obolus with the cardinal areas within the plane of the
margins of the valves. In the type species, Elkania desiderata (Billings), the area of the ventral

valve is entirely within the valve, while that of the dorsal valve has been nearly obliterated

in the process of change from an open backward-facing area to an inclosed forward-facing

o The synonymy for this genus does not give a complete record of the various genera under which the species now included in Elkania were
formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic
references are listed:

Obolella Billings [1862d, pp. 69 and 71]. I Obolella t Walcott [1884b, p. 67; 1886b, p. 111].

Obolella Davidson [1868, p. 309].
|
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area. A comparison of the interiors of Oholus apoUinis Eichwald (PI. VII, figs. 1-17) with those

of Oholus (Fordinia) hellulus (Walcott) (PI. LI, figs. 3a-f) and ETkania desiderata (BiUings) (PI.

LI, figs. 1, la-d) illustrates how little change is necessary to convert the exterior cardinal areas

of Oholus into the inclosed internal areas of Elkania.

As the beaks of Elkania are marginal, the pedicle passed out tlirough an opening made by
the gaping of the valves.

The tliree known species of the genus are the type species Elkania desiderata (Billings), E.

amhigua (Walcott), in which the shell is very thick, and E. ida (Billings).

Authors have referred frequently to the resemblance between species of Oholella and Elkania

desiderata. This does not appear to exist except in a superficial manner. Oholella is a stage

in the evolution toward the Siphonotretidffi, whereas Elkania has no known descendants.

The generic name was given in honor of Dr. Elkanah BiUings, of the Geological Survey of

Canada.

Elkania ambigua (Walcott).

Plate LI, figures 2, 2a-c.

Oholella f ambigua Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 67-68, PI. I, figs. 2a-c. (Described and discussed

as a new species. The specimens represented by figs. 2a-c are redrawn in this monograph, PL LI, figs. 2a, 2, and
2b, respectively.)

Billingsia f ambigua (Walcott), Ford, 1886, Am. Jour. Sei., 3d ser., vol. 31, p. 467. (Generic relations mentioned.)

Elhania ambigua (Walcott), Foed, 1886, idem, vol. 32, p. 325. (Merely changes generic reference.)

Elkania ambigua (Walcott), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 78.

(Generic relations discussed.)

General form ovate; biconvex; beaks marginal. Surface marked by fine concentric strise

of growth. Substance of shell corneous as far as can be determined, although some of the

layers appear to be calcareous. The shell is made up of many thin layers or lamellae.

Ventral valve elongate oval, moderately convex. Dorsal valve transversely broad ovate;

the interior shows a slender median septum at the bottom of a shallow, concave, well-defined

visceral area; within the latter area the central muscle scars occur at the outer margins about

one-half the distance from the posterior margin to the anterior margin of the visceral area;

the anterior lateral scars are close together on each side of the median septum at the anterior

margin of the area; the thickening of the shell varies greatly in different shells; in some it

extends far to the front (PL LI, fig. 2c) and in others it is scarcely noticeable (fig. 2b).

No interiors of the ventral valve have been found and the cardinal area of the dorsal valve

is unknown. The largest dorsal valve has a length of 9 mm.; width, 10 mm.
This species in size and form is related to E. desiderata (Billings) ; it differs in the character

of the interior of the dorsal valve, and in having a thicker and stronger shell in the adult stage.

When the species was first described its relations were uncertain, hence the specific name.

Formation and locality.—Lower Ordovician : (63) Base of the Pogonip limestone, northeast of Adams Hill; and

(202) Pogonip limestone, on the summit of the ridge directly southeast of the Jackson mine, northwest of Shadow
Canyon; both in the Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Elkania desiderata (Billings).

Plate LI, figures 1, la-d.

Obolella desiderata Billings, 1862, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 69-70, figs. 62a-b. (Described

and discussed as a new species. The specimens represented by figs. 62a and 62b are redrawn by Hall and

Clarke, 1892c, PL III, figs. 16 and 17, respectively.)

Obolella desiderata Billings, Davidson, 1868, Geol. Mag., vol. 5, figs. 1 and 2, p. 809. (Mentioned.)

Obolella f desiderata Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 111. (Generic relations discussed.)

Billingsia desiderata (Bilhngs), Ford, 1886, Am. Jour. Sci., 3d ser., vol. 31, pp. 466 and 467, fig. 1, p. 466. (Generic

relations discussed.)

Elkania desiderata (Billings), Ford, 1886, idem, vol. 32, p. 325. (Merely changes generic reference.)

Elkania desiderata (Billings), Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, PL
III, figs. 13 and 14. (No text reference. Figs. 13 and 14 are drawn from casts of the two specimens figured

by Billings, 1862d, figs. 62a and 62b, p. 68, the specimens themselves being redrawn in Hall and Clarke, 1892c,

PL III, figs. 16 and 17, respectively.)
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Elkania desiderata (Billings), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 76 and
77, PI. Ill, figs. 15-19. (Part of original description, Billings, 1862d, p. 70, copied on p. 76 and species described

and discussed. Figs. 16 and 17 are drawn from the specimens figured by Billings, 1862d, figs. 62a and 62b,

p. 68; figs. 15 and 18, which represent casts of the specimens represented by figs. 16 and 17, respectively, are

copied from figs. 13 and 14 of the preceding reference.)

The species has been so thoroughly described by Billings [1862d, p. 69], Ford [1886a, p. 466],

and Hall and Clarke [1892c, p. 77], from their respective points of view, that I will confine my
observations to the interior characters. As noted under the genus, I regard the cardinal areas

as being reversed; that is, sloping within the plane of the margins of the valves instead of with-

out, as in Oholus; the space beneath the area and the bottom of the valve is filled with shell,

and the margin of the area thus disappears in the anterior slope of the thickened portion of

the shell.

The scheme of muscle scars, as far as they are known, is the same as in Oholus. In the

ventral valve the anterior laterals (j) and transmedians (i) occur outside the' main vascular

sinuses toward the margin of the valve and in front of the included cardinal area. The space
occupied by the central and middle and outside lateral scars is defined on the front slope of the

umbonal thickening of the valve. The muscle scars of the dorsal valve include the transme-

dian and outside laterals on the outer margin of the main vascular sinuses, and the central

and anterior laterals on the margins of the central visceral area.

The vascular markings include the main vascular sinuses in the two valves, and some
inner branches in the ventral valve.

Elkania desiderata differs from E.amhigua (Walcott), the only related species, in the interior

of the dorsal valves, which are the only parts we have for comparison. The shell is also

thinner.

Formation and locality.—Lower Ordovician; (319a) Levis shales, Point Levis, Province of Quebec, Canada.

Elkania ida (Billings).

Plate XXX, figures 20, 20a; Plate LI, figures 4, 4a-c.

Obolella ida Billings, 1862, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 71, fig. 63a-b. (Described and dis-

cussed as a new species, see below for copy.)

Obolella? ida Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 111. (Generic relations mentioned.)

BiUingsiaf ida (Billings), Ford, 1886, Am. Jour. Sci., 3d ser., vol. 31, p. 467. (Generic relations mentioned.)

Elkania ida (Billings), Ford, 1886, idem, vol. 32, p. 325. (Merely changes generic reference.)

The original description by Billings follows:

Shell small, obtusely ovate, greatest width at or a little in front of the middle, abruptly narrowed to the beaks,

sides and front margin uniformly rounded, the front slightly less convex than the sides. Both valves equally and
rather strongly convex, most elevated at about one-third the length from the apex, thence sloping with a gentle curve

to the sides and front margin, abruptly descending on each side of the beak and umbones. Ventral valve slightly

more pointed above than the dorsal; umbo narrowly convex; beak apparently depressed to the level of the lateral

margin. Dorsal valve obtusely angular or narrowly rounded at the beak, the latter not visibly distinct from the

cardinal edge; umbo obtusely convex. Surface with a somewhat shining aspect, with very fine concentric striae;

a few radiating strife are visible on two of the specimens. Shell apparently very thin.

Length of a perfect ventral valve, 2 lines; width. If lines. The length and width of the dorsal valve are about
equal.

In some material from the McGill University Museum, kindly lent to me by Sir William
Dawson and Dr. Frank D. Adams, I found some fine specimens labeled Obolella ida, collected

by J. Eichardson. These specimens show the characters described by Billuigs [1862d, p. 71]

and in addition the following: The shell is corneous and built up of many lamellae or layers

arranged obliquely to the surface so as to form a thick, strong shell. The interior of the ventral

valve has a thickened umbonal portion with a pedicle groove much like that in E. desiderata

(Billuigs), but much shorter in proportion; owing to the imperfect condition of the remaining
portions, no further details can be determined. The interior of the dorsal valve shows a

thickened elevated area like that of the dorsal valve of E. desiderata (PI. LI, fig. Id), but differ-

ently shaped. A large transverse depression just in advance of the posterior margin appears
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to be all that is left to indicate the cardinal area; the central muscle scars are situated just

in advance of this depression and the anterior laterals at the front end of the visceral area ; the

position of the transmedian and outside lateral scars is indicated by an elongate scar near

the posterolateral margin, just in advance of the traces of the cardinal area. Vascular markings

unknown.
This species differs from E. desiderata in having a thicker and more convex shell and has

a differently shaped visceral area in the dorsal valve.

Formation and locality.—Lower Ordovician: (319)'' Limestone No. 1 of Billings's section; and (3191) limestone

of Billings's section; both at Point Levis, Province of Quebec, Canada.

Subfamily NEOBOLIN^E Walcott and Soliuoliert.

Genus NEOBOIiTJS Waagen.

[vioc, young; and Obolus.

Neobolus Waag'en, 1885, Mem. Gaol. Survey India, Paleontologia Indica, ISth ser.. Salt Range Fossils, vol. 1, pt. 4,

fas. 5, pp. 756-758. (Described and discussed as a new genus.)

Davidsonella Waagen [not Munibe-Chalmas, 1880], 1885, idem, pp. 762-764. (Described and discussed as a new
genus.)

Neobolus Waagen, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1263. (Described in French, with figures

of Neobolus warthi.)

Ldkhmina Oehlert, 1887, idem, p. 1265. (Described in French, with figures of " Lakhmina linguloides.")

Lakhmina Oehlert, Waagen, 1891, Mem. Geol. Survey India, Paleontologia Indica, 13th ser., Salt Range Fossils

vol. 4, pt. 2, description of PI. II, figs. 3-4. (No text reference.)

Lakhmina Oehlert, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 234r-285.

(Described.)

Neobolus Waagen, Hall and Clarke, 1892, idem, p. 245. (Described.)

Lakhmina Oehlert, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 550-551.

(Copy of Hall and Clarke, 1892a, pp. 234-235.)

Neobolus Waagen, Hall and Clarke, 1892, idem, p. 561. (Copy of Hall and Clarke, 1892a, p. 245.)

Lakhmina Oehlert, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 28-30. (Described

and discussed.)

Neobolus Waagen, Hall and Clarke, 1892, idem, p. 84. (Described and discussed.)

Neobolus Waagen, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 72-76. (Described and discussed as

below, with the exception of the paragraph describing the two text figures.) ,

Neobolus Waagen, Walcott, 1908, idem, vol. 53, No. 4, PL XI, and pp. 142 and 144. (Classification of genus.)

General outHne of shells broad oval to subcircular; nearly equivalve, moderately convex.

Shell substance calcareocorneous and probably phosphatic, structure laminated. Surface with

concentric striation. Shell strong for its size and built up on its anterior and lateral margins

of several thin layers or lamellae. Apex of ventral valve small and slightly projecting over a

low false area that appears to have an open delthyrium. Apex of dorsal valve marginal.

The interior of the ventral valve has a strong, rounded, central ridge extending from

the narrow area, about one-third the length of the shell, and a strong ridge on each side that

extends from the same point of origin as the central ridge obKquely forward nearly to the

frontal margin of the shell ;
'' between the central ridge and the posterior portions of the lateral

ridges there are slightly concave shelves forming, with the central ridge, a triangular platform,

with an open space beneath the concave shelves; numerous radiating striee occur on the con-

cave shelves and the inner surface of the shell.

Of the muscular impressions in the ventral valve, Waagen wrote [1885, p. 762] that

"nothing can be observed." Considered from the point of view of the Trimerellidse, this

may appear to be correct, but if we compare the muscle scars of Obolus with what appear to

me to be points of attachment of muscles in the specimen represented by Plate LXXXI, figure

2e, there is no difficulty in recognizing a few scars. Just beneath the outer extension of the

narrow area of the ventral valve there is a minute, clearly defined, elongate, oval space that

corresponds to the divided umbonal muscle scar in Oholus apoUinis Eichwald; near the outer

a This is the locality from which the species is listed in the collections of the Geological Survey of Canada. Billings [lS62b, p. 71] also identifies

the species from No. 2 of his section.

6 1 do not find any indication of the incurving of these ridges as described and illustrated by Waagen [1885, p. 762, PI. LXXXV, fig. 6].
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margin, on a line with the anterior portion of the central ridge, there is a narrow elongate

space which, under a strong reflected light, is seen to be divided diagonally by a sUght, narrow,

raised hne. Compared with Oholus this space is the point of attachment of the transmedian

and anterior lateral muscle scars. It is probable that the outside and middle lateral muscle

scars and the centrals were attached to the platform, but there are no defined muscle scars

upon it.

The interior of the dorsal valve has several very unusual characters. There is no true

cardinal area, unless the thick margin of the shell be considered as such; from the center of

the cardinal margin a strong flat process marked by concentric lines of growth projects forward

into the valve and rises a little above the plane of the margin of the valve. Waagen [1885,

p. 763] calls attention to the resemblance between this process and the tooth of Trimerella

lindstromi. From beneath the median process a short, thick platform projects upward and
forward into the valve (PI. LXXXI, figs. 2f, 2g, and 2h); it is as wide as the process at its

base, expanding toward its front margin. It is concave between its lateral crests, and the

outer slopes are slightly concave from the crest to the body of the shell; in front the concave

space and crests terminate rather abruptly above the front face, which in turn is underlain

by a transversely hollow space of unknown extension beneath the platform. Toward each

end of the frontal area a minute depression appears to indicate the point of attachment of

a muscle. A narrow, roimded median septum extends from beneath the platform well toward
the front of the shell. Two more or less interrupted and obscure ridges, indicating the main
vascular trunks, extend from the front anterolateral angles at the base of and at the side of

the platform obhquely outward into the valve. The elongate smooth spaces outlined by
Waagen [1885, PI. LXXXY, fig. 6] in Ins illustrations of tliis valve are too indefinite to be
given form in the drawing of the only specimen showing the interior. What appears to be
a small muscle scar occurs at the cardinal angle; it corresponds in position to the transmedian

scar of Oholus.

Figure 47A, page 567, shows the area, median ridge, and side ridges of the visceral area of the

dorsal valve. The platform shown by Plate LXXXI, figure 2f, has not been developed beyond
the first stages of its growth. It is probable that the fully developed platform occurs only in

very old shells. There is no trace of a platform in the specimen represented by Plate I, figure

3, but it may have been broken away. In another shell, not illustrated, there is no trace of

thickening beneath the visceral area. , In a section of the platform, median ridge, and vas-

cular sinuses taken where they unite with the inner surface of the dorsal valve (fig. 47B, p. 567)

the platform appears to be internaediate in development between the platforms represented by
figure 47A, page 567, and Plate LXXXI, figure 2f.

Type.—Neoholus warthi Waagen.
Observations.—Through the courtesy of Dr. T. H. Holland, director of the Geological

Survey of India, I received the type specimens of Neoholus, Davidsonella, and LakTiinina,

studied, described, and illustrated by Waagen. With these before me I find that the elaborate

figures of Waagen [1885, PI. LXXXV] are diagrammatic to a considerable extent, also that

I can not clearly recognize some of the characters noted by Waagen.
Waagen's original description [1885, p. 762] of the genus ''Davidsonella" is very full and

he also gives a detailed description of the type species "D. linguloides." Oehlert [1887, p.

1265] evidently based his description of "Lakhmina" on Waagen's description and illustra-

tions, apparently not noting that Waagen stated in his text [1885, p. 762] that the elongate

area on the sides of the interior of the shell were not muscle scars, but that he considered them
as smooth areas outside the crescent.

Oehlert [1887, p. 1265], when describing the genus LaTcTimina, says, "with a straight and
projecting beak perforated for the passage of the foramen." He reproduces Waagen's figures

and shows a deep pedicle furrow. This leads me to think that he had Waagen's description

and figures in mind when writing his diagnosis of Lakhmina. Only one shell shows the apex
of the ventral valve and the small false area beneath, and one other of the interior shows the

true area and a triangular depressed spot at the center; a fracture at the center has broken
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out a bit of the shell which gives rise to the narrow, deep furrow described by Waagen. The

ventral valve has (a) a false area beneath the apex, and (b) a true area on a plane with the

margins of the valve.

When looking over the types of Neoholus and LaMimina for the purpose of having illus-

trations made of them, I noted that there was a strong resemblance between the shells of the

two genera, but having the impression that the ventral valve of LakJiwina had a pedicle open-

ing at the apex, drawings were arranged on the plates under the conception that LakJimina

belonged with the Neotremata. Schuchert noted the same resemblance when looking over

the plates of this monograph and called mj^ attention to it. I then made a careful study of

all of the specimens and by the use of acid developed several interiors of dorsal valves. I

found that the supposed perforation of the apex of the ventral valve of LakTimina was the

result of the breaking out of the minute apex; that the dorsal valve of Neoholus warthi was

the same as the dorsal valve of Lakhmina linguloides and that two genera and four species had

been based on specimens of Neoholus warthi.

The external characters of all of the shells referred to Neoholus and LakTimina are the

same. Only one specimen of the interior of the ventral valve that shows anything of the

platform beneath the visceral area occurs in the collections; this was referred to LakTimina

by Waagen, but the accompanying dorsal valves were first described as Neoholus. By com-

paring the illustrations of Waagen [1891, PI. II] the student will notice that figure 8c of the

interior of the dorsal valve of Neoholus is essentially the same as the interior of the dorsal valve

of LakTimina (fig. 4c) with the exception of the thickened platform.

It may seem as though it were forcing unlike forms into one species to place the specimen

represented by Plate LXXXI, figures 2f, 2g, and 2h, with those represented by figures 47A

and 47B, page 567, but with our present information it appears to be necessary to do so.

All authors have classified the shells described as LakTimina linguloides with TnmereUa,

and Hall and Clarke [1892c, p. 29] state that in the present condition of knowledge it must

be regarded as the earliest representative of the trimerelloid Brachiopoda. The external form

is similar to that of Oholus and the interior characters might readily have been developed from

that genus, but the platform is posterior and not central as in the trimerelloids.

Neobolus warthi Waagen.

Text figures 47A-B, page 567; Plate I, figures 3, 4, 4a-b, 5, 5a; Plate LXXXI, figures 2, 2a-h.

Neobolus warthi Waagen, 1885, Mem. Geol. Survey India, Paleontologia Indica, 13tli ser., Salt Range Fossils, vol. 1,

pt. 4, fas. 5, pp. 758-759, PI. LXXXIV, figs. 3-8. (Described and discussed as a new species. The three

specimens represented by figs. 4, 5a-b, and 7 are redrawn in this monograph, PI. I, figs. 4, 4a, and 3, respec-

tively.)

Neoholus wynnei Waagen, 1885, idem, pp. 759-761, PI. LXXXV, figs. 1 and 2. (Described and discussed as a new

species. The two specimens represented by figs, la-c and 2a-c are redrawn in this monograph, PL I, figs. 5

and 5a, respectively.)

Davidsonella linguloides Waagen, 1885, idem, pp. 764-766, PL LXXXV, figs. 3-6. (Described and discussed as a new

species. The four specimens represented by figs. 3a-b, 4a-b, 6, and 5 are redrawn in this monograph, PI.

LXXXI, figs. 2, 2d, 2e, and 2f-h, respectively.)

Davidsonella squama Waagen, 1885, idem, pp. 766-767, PL LXXXVI, fig. 1. (Described and discussed as a new

species. In 1891 [PL II, figs. 6a-b] Waagen figures the specimen represented by figs, la-b as Neobolus warthi.

The specimen represented by figs, la-b is redrawn in this monograph, PL LXXXI, fig. 2a.)

Neobolus warthi Waagen, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1263, fig. 1012. (No text refer-

ence. The two figm'es are copied fi-om Waagen, 1885, PL LXXXIV, figs. 6 and 7.)

Lakhmina linguloides (Waagen), Oehlert, 1887, idem, p. 1265, fig. 1015. (No text reference. The two figures are

copied from Waagen, 1885, PL LXXXV, figs. 5 and 6.)

Lalhmina linguloides Waagen, 1891, Mem. Geol. Siu-vey India, Paleontologia Indica, 13th ser.. Salt Range Fossils,

vol. 4, pt. 2, PL II, figs. 3a-c and 4a-c. (No text reference. Figs. 3a-b and 4a-b are copied from Waagen, 1885,

PL LXXXV, figs. 3a-b and 4a-b, respectively; figs. 3c and 4c are copied from Waagen, 1885, PL LXXXV,
figs. 6 and 5, respectively.)

Neobolus warthi Waagen, 1891, idem, PL II, figs. 5-9. (No text reference. Figs. 5, 6a-b, 8a-b, and 8c are copied

from Waagen, 1885, PL LXXXIV, fig. 4; PL LXXXVI, figs, la-b; PL LXXXIV, figs. 5a-b; and PL LXXXIV,
fig. 7 ; respectively. The specimen figured by Waagen, 1885, PL LXXXVI, figs, la-b, as Davidsonella squama

is figured by him later, 1891, PL II, figs. 6a-b, as Neobolus warthi.)
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Neoholus wynnei Waagen, 1891; Mem. Geol. Survey India, Paleontologia Indica, ISth. ser., Salt Range Fossils,

vol. 4, pt. 2, PL II, figs. 10 and 11. (No text reference. Figs. 10 and 11 are copied from Waagen, 1885, PL
LXXXV, figs. 2 and 1, respectively.)

Lakhmina Knguloides (Waagen), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

p. 234, figs. 243 and 244. (No text reference. Figs. 243 and 244 are copied from Waagen, 1885, PL LXXXV,
figs. 5 and 6, respectively.)

Neoholus warthi Waagen, Hall and Clarke, 1892, idem, p. 245, figs. 250 and 251. (No text reference. Figs. 250

and 251 are copied from Waagen, 1885, PL LXXXIV, figs. 6 and 7, respectively.)

Lahhmina Knguloides (Waagen), Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891,

p. 550, figs. 243 and 244. (No text reference. Figs. 243 and 244 are copied from Hall and Clarke, 1892a, figs.

243 and 244, p. 234.)

Neoholus -warthi Waagen, Hall and Clarke, 1892, idem, p. 561, figs. 250 and 251. (No text reference. Figs. 250

and 251 are copied from Hall and Clarke, 1892a, figs. 250 and 251, p. 245.)

Lakhmina linguloides (Waagen), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 28, figs.

13 and 14. (No text reference. Figs. 13 and 14 are copied from Waagen, 1885, PL LXXXV, figs. 5 and 6,

respectively.)

Neoholus warthi Waagen, Hall and Clarke, 1892, idem, p. 84, figs. 39 and 40. (No text reference. Figs. 39 and
40 are copied from Waagen, 1885, PL LXXXIV, figs. 6 and 7, respectively.)

Lakhmina linguloides (Waagen), Frech, 1897, additional plates inserted in 1897, in Lethsea geognostica, pt. 1, Lethaea

palseozoica, atlas, 1876, PL I a, figs. 4a-b. (Figs. 4a and 4b are copied from Waagen, 1885, PL LXXXV, figs.

5 and 6, respectively.) _

Neoholus warthi Waagen, Frech, 1897, idem, PL I a, figs. 5a-b. (Figs. 5a and 5b are copied from Waagen, 1885,

PL LXXXIV, figs. 7 and 4, respectively.)

The generic description embraces the characters of the species. By the courtesy of Dr.

T. H. Holland, director Geological Survey of India, I have had the opportunity of studying
the type material and thus of coming to an in-

dependent opinion as to the genus and species.

Waagen [1885, p. 758] states that the sur-

face of the shell is perfectly smooth. I find

that some of the specimens are worn nearly

smooth, while others preserve concentric lines

and striae of growth. The shells show the same
variation of surface as do shells of Oholus that

have lived on a sandy bottom and been more or

less worn by the attrition of the sand.

The second species of the genus, "Neoholus

wynnei," differs from the types of Neoholus

warthi, according to Waagen [1885, p. 760], only

in having the surface strise more distinctly pre-

served. This character does not appear to be

of specific value, as there is considerable vari-

ation in this respect among the type specimens

of Neoholus warthi.

The relations of Neoholus warthi and LaJchmina linguloides have been mentioned under
observations on the genus Neoholus (page 565).

The shell described as " Davidsonella squama" by Waagen [1885, p. 766] appears to be
a dorsal valve of "Lakhmina linguloides." He figures it [1891, PI. II, figs. 6a-b] as Neoholus
warthi. I found some rock attached to the cardinal margin in such a manner as to give the
effect of a low pointed apex. On clearing the rock away the apex was found to be marginal
and the cardinal border the same as in the dorsal valves of " Lalchminxi linguloides." The
shell is the largest found at Jutana. It has a length of 13 mm.; width, 14.5 mm.

The specific name was given in honor of Dr. H. Warth.

Formation and locality.—Middle Cambrian: Lower portion of the "Neoholus beds" of the Khussak group,

in purplish-colored, fine-grained, micaceous sandstones at the following localities [Waagen, 1885, p. 759]; (357c)

near the fresh-water springs in a gorge above the salt mines at Kiura (Klhewra); (357a) at Jutdna; and (357b) at Ch61
Hill; all in the Salt Range, India.

A B
Figure il.— Neoholus warthi Waagen. A, Interior of dorsal valve

showing area, median ridge, and thiclcening of the shell beneath
the visceral area. On the right side the main vascular sinus is

clearly shown. This drawing is from a cast of a dorsal valve in

which the platform has not been developed. B, Outline of a
platform, median ridge, and vascular sinuses in a dorsal valve,

obtained by removing the outer shell by acid (X 3). (See p. 565.)

The specimens represented by figures 47A and 47B were collected

in the Khussak group of the Middle Cambrian at Kiura (KhewTa),
Salt Range, India. The specimen represented by figure 47A is shown
in Plate I, fig. 4b, also, the present figure being the correct and later

drawing from a cast made in a natural mold. The specimen from
which the cast was taken is in the collection of the Geological Survey
of India (Cat. No. 3/780).
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SubfamUy BICIIN2B Waleott and Sclm&liert.

Genus BICIA Waleott.

«

Bida Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 676-678. (Described and discussed as below as a new genus.)

Bida Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification of genus.)

Shell subequivalve, moderately convex, longitudinally ovate, with the ventral valve

sometimes subacuminate and the dorsal valve subcircular. Beak of both valves as now
known terminates at the posterior margin. Surface marked by concentric and radiating

striae.

Shell substance unknown in an unaltered condition. Shell structure formed of a thin

surface layer and numerous inner layers or lamellse more or less oblique to the outer layer.

Area of the ventral valve usually on the plane of the edges of the valve, but in some instances

it rises at a low angle; it is usually high and triangular in outline, but the apex may be rounded

and the base curved forward at the median line; divided midway by a narrow pedicle furrow

and again at each side by a narrow flexure line that extends forward and outward from the

apex. Area of dorsal valve short; it appears in both of the known species to rise from the

plane of the edges of the valve. Strise of growth subparallel to the base across the areas.

The main vascular sinuses of the ventral valve are narrow and extend forward from the

projecting center of the base of the area, gradually separating as they cross the visceral area

and extend forward beyond the transverse center of the shell. In the dorsal valve they appear

to separate more rapidly and to follow the outer margin of the central cavity, except in the

second species. A narrow median septum is indicated in the dorsal valve on the crest of a

strong median ridge.

One of the strildng features in both of the known species of this genus is the oblong oval

boss (b) that is present in the ventral valve of most adidt shells; it is situated each side of

the forward projecting central portion of the area, with the larger axis extending forward and

outward when the shell is subacuminate, and transverse when the shell is broadly rounded;

in the dorsal valve of Bida gemma (Billings) it is not so well defined as in B. wMteavesi Wal-

cott; the boss (b) is bounded by the margin of the base of the area, the narrow elongate sulcus

containing the marginal muscle scars and the base of the main vascular sinuses. In B. wMt-

eavesi it reaches its greatest development in both valves, resembling in position and surface

characters the posterior occlusor scars of PJwlidops implicata von Huene [1899b, p. 278, PI. X].

Somewhat similar bosses occur in the ventral valve of OholeUa crassa (Hall) and Oholus apoUinis

Eichwald, but they are not developed to the extent they are in Bida. They appear to occur

only in those thick shells that have deposits of shell substance over the visceral area.

The outline of the parietal scar in the ventral valve is well shown by Plate L, figure Ig;

it incloses a heart-shaped visceral area in the ventral valve closely circumscribing the nniscle

scars; its general course in the dorsal valve is suggested by the position of the muscle scars.

Five pairs of muscle scars have been observed. The rather large central scars (h) in the

dorsal valve are placed close to the broad median ridge, a little back of the center; the small

anterior laterals (j) are slightly in advance of the centrals on the median ridge, close to the

median line; the transmedian scars (i) are almost under the edge of the area and near the

outer margin; the outside (1) and middle (k) laterals are slightly in advance and farther out

than the transmedian scars. The centrals, middle laterals, and outside laterals of the ventral

valve are grouped in the narrow space on each side of the U-shaped forward-projecting portion

of the visceral area (c, fig. 2) ; traces of individual scars have been seen, but they can not be

separated so as to identify them; the transmedian (i) and anterior lateral (j) scars are close

to the outer margin of the ventral valve and just in advance of the oblong boss in front and

each side of the forward-projecting base of the area; umbonal and pedicle scars unknown,

except what may possibly be a small umbonal scar in the dorsal valve of B. whiteavesi Walcott

[PI. L, fig. 2e, at g].

a Prior to the definition of the genus Bida the type species was described under the following genera;

Obolella Billings [1872a, p. 218; 1872b, p. 357]. I Obolella Hall and Clarke [1892c, pp. 69 and 71].

Obolella Walcott [1886b, p. 116; 1891a, p. 612].
|
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Type.—Oholella gemma Billings. Second species: Bicia wTiiteavesi Walcott.

Observations.—Bicia is a form that conabines many of the characteristics of Oholella and

Oholus. It resembles Oholella in the arrangement of the muscle scars and main vascular sinuses

of the interior of the valves. It differs in having a high area with an open pedicle groove in

the ventral valve and an elevated ridge or boss in the back portion of the dorsal valve that

in one species, B. wTiiteavesi, is very prominent. The ensemble of the dorsal valve of Bicia

is unlike that of either Oholella or Oholus. Bicia with its thick shell, high area, deep central

cavity (heart-shaped cavity of Mickwitz [1896, p. 71]), arrangement of visceral cavity, muscle

scars, and vascular markings in the ventral valve, is a true Oholus of the 0. apollinis Eichwald

type; but in its more elongate outline, strongly striated surface, and in nearly all details of

the dorsal valve it is quite distinct.

Of the two species now referred to the genus, B. gemma (Billings) has an unusually thick

shell and a very marked deposit of shell substance over the visceral area in the ventral valve,

the posterior portion of the same area in the dorsal valve, and along its median line. In the

second species there is a considerable deposit over the same area, with the exception of the

median line, where the strong median ridge is absent.

The generic name is derived from the town of Bic, Quebec, near which the type species

was found.

,
Bicia gemma (Billings).

Plate L, figures 1, la-n.

Oholella gemma Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 2, pp. 218-219; fig. 5, p. 217. (Described

and discussed as a new species.)

Oholella gemma Billings, 1872, Am. Jour. Sci., 3d ser., vol. 3, p. 357, fig. 5, p. 355. (Described and discussed. Fig. 5

is copied from fig. 5 of the preceding reference.)

Oholella gemma Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 116-117, PI. X, figs. 2, 2a-e. (Copies

the original description, Billings, 1872a, pp. 218-219, and discusses species. The specimens represented by
PI. X, figs. 2b, 2c, 2d, and 2e, are redrawn in this monograph, PI. L, figs, li, Ij, Ik, and Ic, respectively.)

Oholella gemma Billings, Walcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 612, PL LXXI, figs. 5, 5a-c, PI.

LXXII, figs. 2 and 2a. (No text reference. Figs. 5, 5a-c are copied from Walcott, 1886b, PI. X, figs. 2, 2d, 2b,

and 2c, respectively; PI. LXXII, figs. 2 and 2a, are copied from Walcott, 1886b, PI. X, figs. 2a and 2e, respec-

tively.)

Oholella gemma Billings, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 69 and 71;

fig. 30, p. 71; and PL II, figs. 42-44. (Discussed under the genus Oholella. Fig. 30, p. 71, is copied from Wal-

cott, 1886b,Tl. X, fig. 2d; PL II, fig. 42, is drawn from the specimen figured by Walcott, 1886b, PL X, fig. 2a.)

Bicia gemma (Billings), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 678-680. (Described and discussed as

below.)

General form ovate, with ventral valve subacuminate when the beak is extended, or

obtusely acuminate when the beak is rounded; dorsal valve oval to subcircular in outline;

the range of variation in the outline of the valves is shown by the jfigures on Plate L. The
convexity of the valves is fairly strong and nearly the same in each where they are embedded
in the same matrix.

Surface of shell marked by numerous slightly irregular concentric striae and lines of growth,

by fine radiating strise between stronger radiating lines, and on some shells by strongly developed,

elevated, radiating strise; the radiating strise are often slightly irregular and interrupted, as

shown by figure la. When the outer surface is partly worn away it is smooth, or the shell

has a pecuUar surface formed by traces of the radiating, interrupted, or undulating strife (fig.

Id). The concentric strise and lines of growth are shown on the outer surface of the inner

layers of the shell and on the interior surface where rather strong radiating strife are often

beautifully shown.

The shell is unusually tMck and strong for one so small; those from St. Simon and Troy
appear to be calcareous and formed of one solid layer; this is probably owing to their condi-

tion of preservation, as in a weathered specimen lamellae oblique to the outer surface are clearly

shown, and indications of lamellse on the central and posterior portions point to the same
shell structure as in Oholus and Oholella.
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The ventral valves average about 5 mm. in length, the largest being 7 mm. ; average width
4 mm., largest 5 mm. The dorsal valve is about one-fifth shorter than the ventral.

The area ' f the ventral valve is usually on the plane of the margins of the valve, but in

many specimens it rises at angles varying from 1° to 10°; it is high and narrow, somewhat
as in Obolus (Schmidtia) acuminatus Mickwitz (PI. XIV, figs. 2, 2a) and divided midway by
a strong, rounded, narrow pedicle furrow; the striae of growth are rather coarse and arch

forward at the center and across the pedicle furrow, following the contour of the base of the

area; the position of the flexure line is sometimes clearly shown by a narrow depression. The
area of the dorsal valve is short and easily escapes observation except in well-preserved sheUs;

it sometimes has a slight central pedicle depression and often is only a short, almost smooth
surface extending well out on the cardinal slopes of the valve.

The muscle scars as far as determined are arranged as in Oiolus. The umbonal and pedicle

scars have not been observed. The elongate, oval central scars (h) are rather large in the dorsal

valve and situated on each side of the strong median ridge about the middle of the valve; in

the ventral valve they are crowded in with the scars of the middle and outside laterals; the

anterior laterals (j) are barely discernible in one specimen of the dorsal valve as small oval dots

on the central ridge a short distance in advance of the centrals; in the ventral valve they are

close to the base of the area and near the outer edge of the shell; the middle and outside

laterals in the ventral valve are situated in the trapezoidal area (c), but do not appear to be

separable on the specimens in the collection; in the dorsal valve they are well shown in

advance of the transmedian scar (i). The latter (i) in the ventral valve is merged with the

anterior laterals (j).

Of the vascular markings the main sinuses of the ventral valve are about all that is clearly

shown, although the position of the parietal scar is indicated in advance of the center of the

sheU (fig. Ig). One of the most strongly marked characters of the dorsal valve is the median
ridge (mr); it varies in strength and outHne in different shells, but is usually a prominent

feature; it extends to the frontal margin in most shells, but in some it narrows and is less

prominent anteriorly. A few specimens show a sHght depression crossing it just in front of

the central scars, and one has two minute anterior lateral muscle scars directly on the ridge,

the parietal scar passing across just in front of them. The thickened shell beneath the visceral

cavity of the ventral valve is present in nearly all adult shells; it varies greatly in size, form,

and thickness; in some valves it covers the entire area within the parietal scar (PI. L, figs.

Ih and Ik), and in others only a portion (PL L, fig. li). The thickening in the dorsal valve

is along the posterior border of the central cavity; this is best shown in the cast (PI. L, fig. 1 1).

The median ridge is also frequently more or less enlarged.

Formation and LOCALrrv.—Lower Cambrian: (2o) Limestone bowlders in conglomerate on shore at east entrance

to harbor at Bic, Rimouski County; (2p) limestone on south side of the road a little west of Bic, and half mile (0.8

km.) west of the road leading to the wharf, Rimouski County; and (319b) limestone bowlders in conglomerate at

St. Simon, Rimouski (?) County; all in the Province of Quebec, Canada.

(3920 [Billings, lS72a, p. 218]) At the Straits of Belleisle, Labrador.

(32a) Limestone 0.75 mile (1.2 km.) west of Riders Mills on the Harlem Extension Railroad, about 9 miles

(14.4 km.) north-northeast of Chatham, Kinderhook quadrangle (U. S. Geol. Survey), Columbia County; (27) even-

bedded and conglomeratic limestones on the ridge in the eastern suburb of Troy, Rensselaer County
;
(29a) limestone

1 mile (1.6 km.) below the New York Central Raihoad depot at Schodack, Rensselaer County; and (2b) limestone

just north of Beman Park, in the northeastern part of the city of Troy, Troy quadrangle (U. S. Geol. Survey),

Rensselaer County; all in New York.

BiCIA WHITEAVESI Walcott.

Plate L, figures 2, 2a-e.

Bida whiteavesi Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 680. (Characterized and discussed as below as a

new species.)

This species is associated with Bicia gemma (Billings) in a bedded limestone at Troy,

New York. It differs from the latter, in the dorsal valve, in the absence of the median

ridge ; the presence of a broad area ; in the presence in the interior of both valves of two large,
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circular, scarlike spots, one on each side of the median line and just in front of the area, that

recall in appearance and position the posterior adductor scars of Crania. The ventral valve is

so much like that of B. gemma (Billings) that it is difficult to decide whether such shells as are

represented by Plate L, figures 2a and 2b, should not be referred to B. gemma. There is a

gradual transition in form and character of the interior of the ventral valve between the

extremes represented iu B. gemma b}' figures Ih and li, through figures If, Ig, Ik, 2a, and

2b, to the extreme form of B. wJiiteavesi, figure 2c. If it had not been for the bosses in figure

2c, and the dorsal valve, figure 2e, associated with it, I would have hesitated to refer it to a

distinct species.

The specific name is given in honor of Prof. J. F. Whiteaves, of the Geological Survey

of Canada.

Formation and locality.—Lower Cambrian: (2b) Limestone just north of Beman Park, in the northeastern

part of the city of Troy, Troy quadrangle (U. S. Geol. Survey), Rensselaer County, New York.

Genus DICELLOMUS Hall.a

Dicellomus Hall, 1873, Twenty-third Ann. Kept. New York State Cab. Nat. Hist., p. 246. (Characterized as a new-

genus.)

Schmidtia Zittel (in part) [not Volboeth], 1880, Handbuch der Palaeontologie, Bd. 1, Abth. 1, p. 665. (Doubtfully

places Dicellomus as a synonym of Schmidtia.)

Obolella Billings, Hall and Clarke (in part), 1892, Eleventh Ann. Kept. State Geologist New York for 1891, pp.

240-241. {Dicellomus is included with Obolella as a synonym.)

Obolella Billings, Hall and Clarke (in part), 1892, Forty-fifth Ann. Kept. New York State Museum for 1891, pp.

556-557. (Copy of preceding reference.)

Obolella Billings, Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 66-73, espe-

cially pp. 72-73. {Dicellomus is discussed as a synonym of Obolella.)

Dicellomus Hall, Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 446. (Discussed, part of the paragraph

being copied below, see p. 572.)

Dicellomus Hall, Walcott, 1905, Proc. U. S. Nat. Mua., vol. 28, pp. 312-313. (Described and discussed essentially

as below.)

Dicellomus Hall, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 189. (Described.)

Dicellomus Hall, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 144. (Classification

of genus.)

Shell small; general form ovate to subsemicircular, biconvex, with apices marginal. Sur-

face of outer shell finely punctate in all species where it is preserved uninjured. Interior or

middle lamellae marked by radiating striae and minute punctse; inner sui'face finely punctate.

The shell is thick in all the species now known, and is built up of a thin, outer, scabrous layer,

numerous inner layers or lamellae, and a thin inner layer. Shell substance apparently calcareo-

corneous.

The interior of the ventral valve (PI. LII, figs. Ic, Id) shows a short area with a median

pedicle groove; an elongate visceral ai'ca; well-marked main vascular sinuses; large, composite

scars (cl) where the posterior muscles, i. e., transmedian and outside and anterior laterals, were

attached; and a short shelf that extended into the valve from each side of the pedicle groove.

This extension appears to correspond to the dental plate in the articulate brachiopods, and

it has a shght thickening at the anterolateral margin that suggests a short tooth. In material

received from Prof. W. A. Finkelnburg from Hudson, Wisconsin, I worked out several interiors of

the ventral valve and found in all of them more or less of the remains of a lining of the pedicle

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Bkellomu? were

formerly placed; it gives only those references in which the genus is discussed or deserihed. To complete the record the following mere generic

references are listed:

Obolus Owen [1852, p. 501].

Lingula Hall [1861, p. 24].

Obolella Billings [1861b, p. 7; 1861c, p. 946].

Lingula Hall [1862, p. 435].

06o7c!ZaBillings[1862c,p.421;1862d,p.67;1862e,p.218].

Obolella Meek and Hayden [1862, p. 435].

Obolella Hayden [1862, p. 73].

impata Whitfield [1862, p. 136].

Obolella? HaU [1863, p. 133].

Lingulepis Meek and Hayden [1865, p. 3].

Obolella Meek and Hayden [1865, p. 4].

Obolella ? HaU [ 867, p. 112].

Obolus I^Tiitfield [1875, p. 103].

Obolus ? AVhitfield [1880, p. 338].

Obolella 'Whitfleld [ISSO, pp. 339 and 340].

Obolella Walcott [1886b. p. 111].

Obolella Schuchert [1897, p. 275].

Dicellomus Walcott [1901, p. 673; 1908d, p. 77].
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tube that extended on each side above the plane of the cardinal area so as to form a concave

plate similar to the posterior portion of the spondyhum in SyntropJiia (PL CII, fig. 6f). If

the sides of the plate were extended farther and united about the pedicle, a tube would result

similar to that of Obolella (PL LV, figs. If and Ih), and ultimately to that of Botsfordia (PL

LVII, figs. 4c and 4g). This plate in Dicellomus, while suggesting a spondylium, is more nat-

urally interpreted as the beginning of a pedicle tube.

The interior of the dorsal valve has a well defined but very narrow area in one species,

D. politus (Hall), that is hollowed out so as to form a shallow groove on each side, apparently

for the reception of the short tooth of the ventral valve. No good posterior margins of the

valve could be found of the other species of the genus. The composite scar is large, and in

one shell it is subdivided into three small scars that were the points of attachment of the trans-

median and outside and middle laterals. The central and anterior lateral scars are arranged as

in Oholus; the centrals are large and located on the sides of the visceral area; the anterior

laterals are small and are located at the anterior end of the visceral area.

Type.—Lingula polita Hall.

Observations.—When referring to Dicellomus in 1899 I said [1899, p. 446]:

When proposing that the genus Dicellomus include Obolella polita, Professor Hall [1873, p. 246] stated that the

grooving or emargination of the apices of both valves and the thickening of the edges of the shell on each side below

the apex, together with the form and character of the muscular impressions, would separate the species from Obolella.

Again, Messrs. Hall and Clarke [1892c, p. 72] gave a fuller description of Dicellomus politus, but owing to the poor

character of the mateiial they did not feel confident that it should be recognized as generically distinct from Obolella

chromatica. Material now in the collections of the United States Geological Survey clearly shows that Professor Hall's

provisional conclusion was correct, and that Dicellomus politus is generically distinct from Obolella chromatica.

The presence of the large, composite, cardinal muscle scars in each valve suggests that

a search be made for a foraminal openmg, as in Obolella, Linnarssonella, and Acrotreta. No
trace has been found externally, and the interior of the ventral valve does not show evidence

of it, except in the jjedicle plate. Dicellomus appears to include characteristics of Obolus and

Obolella, and the presence of incipient dental plates, teeth, and dental grooves suggests an
articulate shell.

,

Dicellomus appalachia Walcott.

Plate LIII, figures 4, 4a-g.

Dicellomus appalachia Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 314. (Described and discussed as below as

a new species.)

This shell has been identified with D. politus (Hall) in the prehminary studies of the genus

Dicellomus. I find that while it has the same type of shell structure and general form, it

differs in being less elongate proportionall}^ and in the details of the form and positions of the

muscle scars and vascular markings of the interior of the valve; it differs in the latter respect

from D. nanus (IMeek and Hayden). The outer thin layer has a dull, finely roughened surface

that is minutely punctate. When the outer layer is exfoliated the surface of the layer beneath

is highly pohshed and marked by exceedingly fine radiating and concentric stri^ and lines

of growth. The interior of the dorsal valve shows the large central muscle scars with the

minute anterolateral scars almost m contact with them. A composite scar (cl, PL LIII,

fig. 4d) shows the separate points of attachment of the transmedian (i), outside lateral (1),

and middle lateral (k) scars. The variation in the length of the visceral cavity of the dorsal

valve, as shown in Plate LIII, figures 4d to 4g, is very great, and it may be that figures 4f and

4g belong to another species.

This species occurs in great abundance in both limestones and shales. It is the Appa-
lachian representative of the widely distributed D. politus of the interior of the continent,

hence the specific name.

Formation and locality.—Middle Cambrian: (2z) Nolichucky (?) shale [Campbell, 1899, p. 3], near Shipley

Ferry, 0.75 mile (1.2 km.) northwest of Bethany Chapel, northeastern corner of the Roan Mountain quadrangle (U. S.

Geol. Survey); (2z') shales in the Honaker limestone [Campbell, 1899, p. 3], at Wallace switch, about 5 miles (8 km.)

northeast of Bristol, Bristol quadrangle (U. S. Geol. Survey); and (374o) sandy shale (Nolichucky?) [Campbell, 1899,
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p. 3], 8 miles (12.8 km.) northeast of Shipleys, near tlie line between the Roan Mountain and Bristol quadrangles (U. S.

Geol. Siirvey); all in Sullivan County, Tennessee.

(103a) Upper part of the second shale south of the ridge of sandstone in the Rome formation ("Town Knobs"), on
the road fi-om Rogersville to Dodson Ford, near the line between the Morristown and Greeneville quadrangles (U. S.

Geol. Survey); (102) Rogersville shale just south of road, one-half mile (0.8 km.) southwest of Rogersville, on the

road to Melinda Ferry [Keith, 1896a, areal geology sheet]; (104) shale in railroad cut 0.5 mile (0.8 km.) from Rogers-

ville on the road to Holston River, near the line between the Morristown and Greeneville quadrangles (U. S. Geol.

Survey); (124a) shale (Nolichucky?) overlying the limestone which rests on the Rogersville shale, on Big Creek,

southeast of Harlan Knob, 4 miles (6.4 km.) northeast of Rogersville [see Keith, 1905, p. 4, and areal geology sheet];

and (374b) shale 1.25 miles (2 km.) from Rogersville, near the line between the Morristown and Greeneville
quadrangles (U. S. Geol. Survey); all in Hawkins County, Tennessee.

(107) Limestone in Bull Run; and (107b) shales in railroad cut in Bull Run; both northwest of Copper Ridge
[Keith, 1896b, areal geology sheet], 11 miles (17.6 km.) northwest of Knoxville, Knox County, Tennessee.

(11a) Sandstone between First and Armstrong creeks, in the southeast corner of the Maynardville quadrangle

(U. S. Geol. Survey), Union County; (117c) shale at Buckingham Ford on Hollis Creek, 5 miles (8 km.) south-

east of Greeneville, Greene County; (374a) limestones 2 miles (3.2 km.) south of Coal Creek, Anderson County;
and (119) limestone in various localities in Jefferson and Hawkins counties; all in Tennessee.

(16) Conasauga limestone, Blountsvilfe Valley, Blount County; (89) limestone in Murphrees Valley, Blount
County; (90a) shales at Cedar Bluff, Cherokee County; (90b) Conasauga limestone, in cut on Louisville and Nash-
ville Raih'oad, near Woodstock, Bibb County; (144c) limestone near the top of the beds exposed nearN. K. Burns's

barns, near Swansea (Viola), Blount County; and (91) Conasauga ("Coosa") shale, at Cedar Bluff, Cherokee County;
all in Alabama.

(471i) Shales on Wolf Creek, 6 miles (9.6 km.) below Rocky Gap, Bland County, Virginia.

DicELLOMUs NANUS (Meek and Hayden).

Plate LIII, figures 1, la-1, 2, 2a, 3, 3a-d.

Obolella nana Meek and Hayden, 1862, Proc. Acad. Nat. Sci. Philadelphia for 1861, vol. 13, pp. 435-436. (Described

and discussed as a new species.)

Obolella nana Meek and Hayden, Hayden, 1862, Am. Jour. Sci., 2d ser., vol. 33, p. 73, figs, la-b and 2a-b. (Char-

acterized and discussed. The two specimens represented by figs. 2a and 2b are redrawn in this monograph,
PL LIII, figs. 2a and 2, respectively.)

Obolella nana Meek and Hayden, Billings, 1862, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 67-68. (Original

reference, Meek and Hayden, 1862, pp. 435-^36, copied.)

Obolella nana Meek and Hayden, 1865, Smithsonian Contrib. Knowl., No. 172, Paleontology Upper Missouri, pt. 1,

p. 4, PL I, figs. 3a-d. (Described and discussed. Figs. 3a-b and 3c-d are copied from Hayden, 1862, p. 73,

figs. 2a and 2b, respectively.)

Obolella nana Meek and Hayden, Whitfield, 1880, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geology
and Resources Black Hills of Dakota, by Newton and Jenney, pp. 340-341, PL II, figs. 14-17. (Copies the

description given by Meek and Hayden, 1865, p. 4, and discusses species. Fig. 17 is copied from Meek and
Hayden, 1865, PL I, fig. 3d.)

Obolella nana Meek and Hayden, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 111. (Discussed.)

Obolella nana Meek and Hayden, Hall and Claeke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 69-70.

(Discussed.)

Dicellomus nanus (Meek and Hayden), Walcott (in part), 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 447, PL
LX, figs. 3a-d (not fig. 3). (Synonymy and new localities given. Figs. 3b and 3d are drawn from the specimens
figured by Hayden, 1862, p. 73, figs. 2a and 2b, and are redrawn in this monograph, PL LIII, figs. 2a and 2,

respectively. The specimens represented by figs. 3a and 3c are not figured in this monograph. The specimen
represented by fig. 3 is referred in this monograph to Lingulella desiderata.)

Dicellomus nanus (Meek and Hayden), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 314-315. (Described and
discussed essentially as below.)

The principal characters of this species are the same as Dicellomus politus (Hall). The
two forms differ exteriorly in D. nanus being more convex on the umbones and less elongate.

The interior of the ventral valve shows a less elongate visceral area, a relatively larger com-
posite muscle scar (cl) ; the interior of the dorsal valve of D. nanus has a much larger com-
posite muscle scar and a broader visceral area with the central muscle scar farther from the

median line.

One of the types of D. nanus is the interior of a ventral valve (PL LIII, fig. 2), on which
there is a subtriangular depression (c) that appears to have been the path of advance of the

areas, on each side of the median space, in which the central muscle, and the middle and outside
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lateral muscles, were attached. Another shell from the Bighorn Mountains shows something

of the same character (PI. LIII, fig. 11).

The area of the ventral valve is short, and divided midway by a shallow pedicle furrow;

area of dorsal valve unknown.

The exterior of the shell appears to be smooth and slightly polished, except for fine con-

centric strise and lines of growth and what appear to be scattered punctse.

The average size of the adult shells is from 3 to 4 mm., the length and width usually being

nearly the same.

The exact horizon of the type specimen is unknown. It occurs in a somewhat friable,

purplish sandstone, unlike any beds in the Middle Cambrian Deadwood formation that I met

with. The specimens from the limestones of the Bighorn Mountains, etc., appear to belong

to the Upper Cambrian.

Formation and locality.—Ordovician: (302v) Sandstones 2 miles (3.2 km.) west of the main summit of Buffalo

Fork Peak [St. John, 1877, pjj. 468 and 469 and map opposite p. 324 (near station XLIX)], about 25 miles (40 km.)

east of Jackson Lake, Uinta County, Wyoming.

TTpper Cambrian: (152a) West side of Dry Creek below Pass Creek; and (lS8a) limestone north of East Gallatin

River near Hillsdale; both in the Threeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

(302u) Upper limestone of the Deadwood formation, north of Cheever's ranch, on the summit of the Bighorn

Mountains, Wyoming.

Middle Cambrian: (170) Sandstone about 10 miles (16.1 km.) south-southeast of Bald Mountain, Bighorn Moun-

tains; (302m) middle of shale above lower sandstone on Billy Creek in the Bighorn Mountains; (302y) sandstone on

Johnson Creek, Bighorn Mountains; and (302b) limestones near Crowfoot P.idge, Gallatin quadrangle (U. S. Geol.

Survey), Yellowstone National Park; all in Wyoming.

(302z) Limestone on Mill Creek, near Landusky, Little Rocky Mountains, Chouteau County, Montana.

(355) Sandstones on Red Canyon Creek, southwest side of Black Hills; and (355d) sandstone in the Black Hills;

both in South Dakota. ^

(llj) Basal part of Bonneterre limestone, Mine Lamotte, Madison County; and (11m) drill cores of limestone at

horizons 10 and 20 feet (3 and 6 m.) above the Lamotte sandstone, St. Francois County; both in Missouri.

DiCELLOMUS PARVUS Walcott.

Plate LXXXIX, figures 11, lla-d.

Dicellomus parvus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 315-316. (Described and discussed as below as a

new species.)

General form ovate, with the ventral valve subacuminate and dorsal valve broad oval

to subcircular. Valves moderately convex. Surface of outer shell dark and polished; it is

marked, when not abraded, by fine, clearly defined, concentric striae and occasional lines of

growth. The largest ventral valve has a length of 2.5 mm. and a width of 2 mm. The shell

is strong but not thick. Shell substance apparent^ calcareocorneous.

Ventral valve uniformly convex, except that the slopes toward the cardinal margins are

more abrupt than elsewhere; apex appears to be marginal. The interior of the valve shows a

short, low, median ridge in the center of the visceral cavity; on each side, and a little in front of

the end of the median ridge are the trapezoidal areas for the attachment of muscle scars; rather

small, composite cardinal muscle scars occur close to the cardinal margins.

Dorsal valve somewhat less convex than the ventral; apex marginal. The interior of the

valve shows well-defined composite cardinal muscle scars, a narrow median septum, and a faintly

impressed main vascular sinus that curves outward and forward at about one-third the distance

from the outer margin to the median septum; the central muscle scars are small and situated

back of the center of the valve on each side of a low median swelling on which the median

septum occurs; the position of the anterior lateral muscle scars is indicated at the end of the

median septum a little in advance of the center of the valve.

Ohservations.—This minute shell has the generic characters of Dicellomus politus (Hall), but

it differs specifically in its minute size and the positions of the muscle scars in the dorsal valve.

Formation and locality.—Middle Cambrian : (C6) Thin slahhy limestone in the upper shale member of the Kiulung

group [Blachwelder, 1907a, pp. 37 and 41 {Sd list of fossils), and fig. 10 {bed IS), p. 38], 2.5 miles (4 Im.) southwest of
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Yenchuang, Sintai district, Shantung; and (C32) a fine-grained bluish-black limestone bowlder believed to have come
from the lower part of the Kisinling limestone [Blackwelder, 1907b, p. 272], collected in river drift 1 mile (1.6 km.)

south of Chonpinghien, on Nankiang River, Eouthern Shensi; both in China.

DicELLOMUs PECTENOiDEs (Whitfield).

Text figures 48A-B; Plate LII, figures 6, 6a-c.

Obolus pectenoides Whitfield, 1875, Rept. Reconnaissance Black Hills of Dakota, by Ludlow, p. 103, unnumbered
plate, figs. 1-3. (Described and discussed as a new species.)

Obolus f pectenoides Whitfield, 1880, IT. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geology and Resources

Black Hills of Dakota, by Newton and Jenney, pp. 338-339, PL II, figs. 18 and 19. (Described. The specimens

represented by figs. 18 and 19 are redrawn in this monograph, PL LII, figs. 6 and 6a, respectively.)

Obolella pectenoides (Whitfield), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 275. (Merely changes generic

reference.)

Dicellomus pectenoides (Whitfield), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes generic

reference.)

Dicellomus pectenoides (AVhitfield), Walcott, 1905, idem, vol. 28, p. 316. (Characterized.)

This is the largest shell of the several species of the genus. A ventral valve 9 mm. long has

a width of 11 mm. All that is known of the structure of the sliell indicates that it was like D.

politus (Hall) (PI. LII) and D. nanus (Meek and Ha.yden) (PI. IjIII). ' This species differs from

all other described species by the anterior posi-

tion of the central muscle scars of the dorsal

valve, its larger size, and the thickening beneath

the visceral cavity of the ventral valve. Area of

ventral valve short and mucli like that of D. nanus

(PI. LIII, fig. Ic). Specimens from Eau Claire,

Wisconsin, show a thickening of the shell beneath

the visceral cavity of the ventral valve not unlike ^ ,„ „. „ , .^ .„.,-.«,,> . ^ . ,
-'

. . _
Figure iS.—Dicellomus pectenoides (V/hit&eld). A, Cast of m-

that of Elkania desiderata (Billings) (PL IjI, fig. la). terlor of ventral valve from Locality 78a, "St. Croix sand-

Tlie interior of the dorsal valve is quite dissimilar f°'^'
"' ^''".c'"!"- ^^'^^^i^ (u. s. Nat. mus. cat. no.

^ 51909). B, Cast of interior of dorsal valve from Locality 100,

in the two species. "St. Crolx sandstone" at Menomonie, Dunn County, Wis-

consin (U. S. Nat. Mus. Cat. No. 51910). v, Visceral cavity;

Formation and locality.—Upper Cambrian : (151a) Lime- vs, main vascular sinuses; h, central muscle scars,

stone in point overlooking Churn Canyon, on the west side of

the Bridger Range; and (158) limestone north of East Gallatin River near Hillsdale, Threeforks quadrangle (U. S.

Geol. Survey); both in Gallatin County, Montana.

(78a) "St. Croix sandstone" in the topmost quarry on Mount Washington, near Eau Claire, Eau Claire County;

and (100) "St. Croix sandstone" near Menomonie, Dunn County; both in Wisconsin.

Middle Cambrian: (355b) Sandstone in the Deadwood formation on Castle Creek, on the west side of the Black

Hills; and (164) sandstone in the Deadwood formation in the cliffs on the east side of the valley near Deadwood, Black

Hills; both in South Dakota.

(355c [Whitfield, 1875, p. 103]) Sandstone on French Creek, Black Hills, South Dakota.

Dicellomus politus (Hall).

Text figures 16A-B, page 314; 49A-B, page 576;" Plate LII, figures 1, la-k, 2, 2a-i, 3, 4, 4a, 5, 5a-b.

Obolus appolinus? Owen (not Eichwald), 1852, Rept. Geol. Survey Wisconsin, Iowa, and Minneso*"a, Appendix,

p. 501, PI. I B, figs. 9, 11, 15, and 20. (Occurrence mentioned.)

Lingula polita Hall, 1861, Rept. Supt. Geol. Survey Wisconsin, p. 24. (Described and discussed.)

Obolella sp. 3 Billings, 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 7. (Characterized.)

Obolella sp. 3 Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 946. (Copy of preceding reference.)

Lingula ? polita Hall, 1862, Rept. Geol. Survey Wisconsin, vol. 1, p. 435, fig. 1, p. 21. (Generic reference discussed.)

Obolella polita (Hall), Billings, 1862, Am. Jour. Sci., 2d ser., vol. 33, p. 421. (Note on the dates of publication of the

references cited above. Hall, 1861, p. 24, and Billings, 1861, p. 7.)

Obolella sp. 3 Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 218. (Copj^ of Billings,

1861b, p. 7.)

Lingula polita Hall, Whitfield, 1862, Am. Jour. Sci., 2d ser., vol. 34, p. 136. (Note on the date of the first reference to

Lingula polita.)

Obolella? polita Hall, 1863, Sixteenth Ann. Rept. New York State Cab. Nat. Hist., pp. 133-134, PL VI, figs. 17-21.

(Described and discussed.)

a Text figures 16A-B and 49A-B are the same.



576 CAMBRIAN BEACHIOPODA.

Lingulepis prima Meek and Hayden, 1865, Smithsonian Contrib. Knowl., No. 172, Paleontology Tipper Missouri, pt. 1,

p. 3, PI. I, figs. 2a-b. (Described and discussed as a new species. The specimen represented by figs. 2a and
2b is redrawn in this monograph, PL Lll, fig. 2h.)

Obolella ? polita Hall, 1867, Trans. Albany Inst., vol. 5, pp. 112-113, PL I, figs. 17-21. (Text and figures copied from

Hall, 1863, pp. 133-134, PL VI, figs. 17-21.)

Dicellomus polita Hall, 1873, Twenty-third Ann. Kept. New York State Cab. Nat. Hist., p. 246. (Changes generic

reference.)

Obolella polita (Hall), Whitfield, 1880, U. S. Geog. and Geol. Survey Rocky Mtn. Region, Rept. Geology and Resources

Black Hills of Dakota, by Newton and Jenney, pp. 339-340, PL II, figs. 12 and 13. (Described and discussed.

The specimen represented by fig. 13 is redrawn in this monograph, PL LII, fig. 2g; fig. 12 is not.)

Obolella polita (Hall), Waloott, 1886, Bull. U. S. Geol. Survey No. 30, p. 111. (Discussed.)

Obolella polita (Hall), Hall and Clakke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 72 and 73, PL II,

figs. 37^1. (Discussed as a species of Dicellomus, but the use of that term is held in abeyance until the species

shall have been proven generically distinct from Obolella. Figs. 40 and 41 are copied from Hall, 1863, PL VI,

figs. 20 and 21.)

Dicellomus politus (Hall), Walcott, 1899, Men. U. S. Geol. Siu-vey, vol. 32, pt. 2, pp. 443 and 446, PL LX, figs. 4 and 4a.

(Discussed, establishing the generic distinctness of Dicelloirais. The specimens represented by figs. 4 and 4a

are redrawn in this monograph, PL LII, figs. Ij and Ic, respectively.)

Dicellomus politus (Hall), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 313. (Copy of text referred to in preceding

reference.)

Dicellomus politus (Hall), Walcott, 1905, idem, pp. 316-318. (Described and discussed as below, although some
changes and additions have been made.)

Dicellomus politus (Hall), Gkabau and Shimee, 1907, North
American Index Fossils, vol. 1, pp. 189-190, fig. 224,

p. 190. (Described. The three figures in fig. 224 are

copied from Hall, 1863, PL VI, figs. 17, 20, and 21.)

General form ovate, with the ventral valve

subacuminate; biconvex, the ventral valve usuaBy
more convex than the dorsal. Surface smooth as

the specimens usually occur, but a few examples

K ^ show that there is a thin outer layer covered with
FiGTJEE m.-Dicdiomus politus (Hall). A, toterior of ventral fine papillsB and puncta3 that appear to be placed

valve (fsp, pseudospondvlium or pedicle plate; i, transmediau ^ , . i j_* •
i

scars; j, anterolateral scars; V, visceral cavity; vs, main vas- On Very tme, mOrC Or ICSS mOSCUlatmg ridges.

cular sinuses). B, Posterior portion of the interior of a ConCCntric linCS of grOWth of Varying strength
ventralvalve.sliowingastronglydeveloped area (fsp, pseudo-

j.i j. j> i j.i
•

spondylium or pedicle plate; a, inside section of area; f, ShOW OU the OUtcr SUllace, alSO On the VariOUS
flexure line; a', outside section of area). inner layers or lamcllaj. When the outer layer is
The specimens represented by figures 49A and 49B are from

g^foliated Or WOm off by attrition of the Sand, the
Locality 79s, Upper Cambrian "St. Croix sandstone" at Hud-

. .

'

son, Wisconsin (0. s. Nat. Mus. Cat. Nos. 51917a and 51917b, surfacc o-f the inner layer is marked by radiatmg
respectively). The same figures are reproduced on page 314.

^^^^^ ^^^ COUCCntric Imes of growth that are a

marked feature of the species. The radiating strise may be uniform in size, or with 4 to 6 very

fine strise between two stronger elevated striae. Inner surface smooth to the eye, but a strong

lens shows that it is finety punctate, with exceedingly fine, irregular, raised lines all over the

surface. The intermediate layer is more coarsely and iiTegularly punctate.

The shell is thick, and is built up of a thm, scabrous, outer layer, a middle layer made up

of several highly polished lamellas, and a thin inner layer. The numerous inner lamellse are

oblique to the outer surface over much of the shell, and thus give it thickness. Shell sub-

stance calcareocorneous. The usual length of the ventral valves from Wisconsin is about

6 mm., width 5 mm., with the same width and length for the dorsal valve. Specimens from

the Black Hills average a trifle larger than those from Wisconsin.

Ventral valve with a uniform convexity over the central portions, from which the surface

slopes gently to the margins. Apex nearly if not quite marginal. Casts of the interior indi-

cate a short cardinal area that extends out on the cardinal margins of the shell and appears

to merge into the margins. On each side of the pedicle furrow a thin plate or shelf (sh) extended

into the valve on the plane of the margins of the shell. Some of the casts indicate that these
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plates had a projecting boss or tooth that articulated in a rude manner with the depressions

on the posterior, flattened, inner margin of the dorsal valve. If this interpretation is correct

the teeth and plates correspond to the teeth and dental plates of the articulate brachiopods
and the plates may mark the beginning of a spondylium.

A number of interiors from Hudson, Wisconsin, show a concave plate ia the pedicle furrow,

the edges of which rise above the plane of the cardinal area; this plate is evidently the begin-

ning in Dicellomus of the pedicle tube, as shown in Oholella (PL LV, figs, le, If, and Ih). In
some shells the plate appears to extend into the shell beyond the anterior margin of the car-

dinal area and it then has the appearance of a small spondylium. I think, however, that it is

only the secretion of shelly matter about the pedicle and not connected with the development
of a spondylium; the latter is indicated by the extension of the toothlike processes already
referred to.

The posterior lateral, transmedian, and anterior lateral muscles were undoubtedly
attached within the area of the composite scar (cl) (PI. LII). The visceral area and pos-

terior portions of the main vascular sinuses are well outlined, but no muscle scars or details of

the vascular sj^stem have been preserved in the material studied.

Dorsal valve most convex back of the center. Apex marginal. The interior of the valve
shows shallow depressions in the flattened posterior margin (a) that suggest dental cavities

for the reception of the dental projections of the ventral valve. The central muscle scars

(h) are shown a little back of the center of the valve, where a low median ridge bifurcates

(PI. LII, fig. li). In some shells a sharp median septum is shown, also narrow main vascular
sinuses.

Observations.—The reference to this species of the specimens from the siliceous shale at

Helena is rather doubtful, as the sheUs are compressed and distorted. (See PI. LII, figs. 4
and 4a.)

Shells agreeing with D. politus in all points available for comparison occur in the basal,

probably Middle Cambrian, sandstone beneath the great limestone series of Arizona. The
material is abundant and preserved very much in the same condition as that from the Deadwood
formation of the Black Hills of South Dakota.

In sandstones in the basal part of the Upper Cambrian Reagan sandstone in Oklahoma
a few shells were found that appear to be identical with D. politus. They have the elongate
form of that species, which is unknown in any other species of the genus.

In the coUections made by the Fortieth ParaUel Survey there are specimens so closely

resembling D. politus that they are identified as such, although the dorsal valve is rather
transverse.

Dicellomus politus differs from D. nanus (Meek and Hayden) and D. pedenoides (Whit-
field) in being more elongate, also in the details of the interior markings of the valves. From
D. appalachia Walcott it differs in interior markings, and, as specimens average, in being
more elongate.

Formation and locality.—Upper Cambrian: (82b) "St. Croix sandstone" along the railroad track near Taylors
Falls, Chisago County; (97 and S97x) "St. Croix sandstone" at Reads Landing, foot of Lake Pepin, Wabasha County;
(339i) [Owen, 1S62, desc. of PI. IB'] sandstones of Fib of Owen's section, below Mountain Island, in Mississippi Eiver, nearly
opposite the old mouth of Black River; and (98a) "St. Croix sandstone" at Marine Mills, on St. Croix River, Washington
County; all in Minnesota.

(78a) "St. Croix sandstone" in the topmost quarry on Mount Washington, near Eau Claire, Eau Claire County;
and (98 and 98x) "St. Croix sandstone" near Eau Claire, Eau Claire County; (79s) "St. Croix sandstone" in bluff
near Hudson, St. Croix County; (328c) "St. Croix sandstone" at Alma, Buffalo County; (83) "St. Croix sandstone"
near Trempealeau, Trempealeau County; (100a) "St. Croix sandstone" at Ettrick, Trempealeau County; (80) "St.
Croix sandstone" 0.66 mile (1.1 km.) southwest of the railway depot, Menomonie, Dunn County; and (100) "St.
Croix sandstone" near Menomonie, Dunn County; all in Wisconsin,

(128a) Shales on the Louisville and Nashville Railroad, 1.5 miles (2.4 km.) southeast of Cog Hill, near the line
between Polk and McMinn counties, Tennessee.

62667°—VOL 51, pt 1—12 37
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(9x) Sandstones lying between beds of quartzite underlying tbe 300 feet of limestone at the top of the Reagan

sandstone, SW. J sec. 17, T. 4 N., R. 12 W., about 11 miles (17.7 km.) northwest of Fort Sill, Comanche County,

Oklahoma.

Upper? Cambrian: (358a) Siliceous limestone on Ash Creek, in Pinal County, Arizona.

Middle Cambrian: (84 and 84f) "St. Croix sandstone" at Dresbach, opposite the mouth of Black River, Winona

County; (339e) "St. Croix sandstone" on Mountain Island, in Mississippi River, just above the mouth of Trem-

pealeau River; and (84s) "St. Croix sandstone" near Dakota, Winona County; all in Minnesota.

(79x) "St. Croix sandstone" near the flour mill on Beaver Creek, north of Galesville; and (328g) "St. Croix sand-

stone," Wisconsin shore of Mississippi River, near Trempealeau; both in Trempealeau County, Wisconsin.

(167) Sandstone beneath limestone and resting on pre-Cambrian "slates, schists, and pegmatites" in bluff 9

miles (14.4 km.) west of Custer, Black Hills; (355e) sandstone in the central part of the Black Hills; and (355) sand-

stones in Red Canyon a Creek , southwest side of the Black Hills; all in South Dakota.

(11m) Drill cores of limestone in the Bonneterre limestone at horizons 10 and 20 feet (3 and 6 m.) above the

Lamotte sandstone, at Flat River, St. Francois County, Missouri.

(329b) Thin-bedded limestone collected by the Wheeler Siu-vey in Utah.

(5k) Limestone in Meagher County, on the road to Wolsey, about 1 mile (1.6 km.) south of the divide at the

head of Sawmill Creek, and 8 miles (12.8 km.) south of Neihart, Little Belt Mountains quadrangle (U. S. Geol. Sur-

vey), Cascade County; (302k) limestone near Gallatin, Threeforks quadrangle (U. S. Geol. Survey), Gallatin County;

(302s) b dark siliceous shale in a quarry in Last Chance Gulch, south slope of Mount Helena, 1.5 miles (2.4 km.)

south of Helena, Lewis and Clark County; and (340f) lowest beds exposed at the mouth of Bear Creek, Little Belt

Mountains; all in Montana.

DiCELLOMUS PROLIFICTJS Walcott.

Plate LXXXIX, figures 10, lOa-b.

Dicellomus prolificus Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 77, PI. VIII, figs. 3 and 3a. (Char-

acterized and discussed as below as a new species. Figs. 3 and 3a are copied in this monograph, PI. LXXXIX,
figs. 10 and 10b, respectively.)

This species differs from Dicellomus politus (Hall), to which it appears to be most nearly

related, by the greater convexity of the ventral valve, its higher umbo, and, in most shells,

a greater narrowing toward the apex. The dorsal valve differs from that of D. politus in

being more rounded on the cardinal margins. It is also to be noted that no traces of muscle

scars or vascular markings have been observed on many interiors and casts of the interior

of the valves, wliile in D. politus they are prominent on most casts and often on the interior

of the valves. The range of outline of the valves of D. politus might include those of D, pro-

lificus, but the convexity of the ventral valve and the smooth interior seem to distinguish the

latter species.

Great numbers of the separated valves occur in several thin layers of gray limestones near

the summit of the cliffs on the south side of Marjum Pass.

Formation and locality.—Middle Cambrian: (lOz) About 2,900 feet (884 m.) above the Lower Cambrian

and 1,500 feet (457.2 m.) below the Upper Cambrian in the central part of the limestone forming la of the Marjum

limestone [Walcott, 1908f, p. 179], in the long cliff about 2 miles (3.2 km.) southeast of Marjum Pass [Walcott, 1908f,

Pis. XIII and XV], House Range, Millard County, Utah.

Dicellomus sp. undt. Walcott.

Plate LII, figures 7, 7a.

Dicellomus sp. undt. Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 319. (Mentioned as below as a possible new
species.)

A single specimen of a ventral valve very much like that of Dicellomus appalacJiia (Wal-

cott) occurs with material from the Paradoxides forclihammeri zone at Andrarum. A series of

specimens would probably prove that it is the representative of an undescribed species.

Formation and locality.—Middle Cambrian: (3101) Paradoxides forchhammeri zone at Andrarum, 20 miles

(32.2 km.) northwest of Simrishamn, Province of Christianstad, Sweden.

a Some of the specimens arelabeled asfrom Redwater Canyon and some as from Red Canyon Creek, the former locality being given by Whitfield

[1882, p. 340).

b The specimens from this locality are somewhat doubtfully referred to this species. (See PI. LII, figs. -4 and 4a.)
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Superfamily KUTORGINACEA Walcott and Schuchert.

FamUy KUTORGINID^ Walcott and Scliucliert.

Genus KTJTOBGINA Billings.o

Kutorgina Billings, 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 9, footnote. (Characterized and dis-

cussed as a possible new genus; see below for copy.)

Kutorgina Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 948, footnote. (Copied from preceding refer-

ence.)

Kutorgina Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 220, footnote. (Copied from
preceding reference.)

Kutorgina Billings, Davidson, 1868, Geol. Mag., vol. 5, p. 312. (Merely questions genus.)

Obolella (Kutorgina) (Billings), Ball, 1870, Am. Jour. Conchology, 2d ser., vol. 6, pt. 2, pp. 154 and 163. (Described.)

Kutorgina Billings, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, p. 342. (Copy of Davidson,

1868, p. 312.)

Kutorgina Billings, Dall, 1877, Bull. U. S. Nat. Mus., No. 8, pp. 40^1. (Discussed.)

Kutorgina Billings, Zittel, 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, p. 664. (Described in German.)
Kutorgina Billings, Walcott (in part), 1886, Bull. U. S. Geol. Survey No. 30, pp. 101-102. (Original characteri-

zation, Billings, lS61b, p. 7, copied, and genus described and discussed. The generic description is based
on specimens now referred to Micromitra, Mieromitra (Paterina), Micromitra (Iphidella), and Billingsella, as well

as upon those representing Kutorgina.)

? Kutorgina TiiWmgs, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1262. (Described in French, with
figures of " Kutorgina dngulata Lirmarsson.")

Kutorgina Billings, Beechbr, 1891, Am. Jour. Sci., 3d ser., vol. 41, footnote, pp. 345-346. (Generic relations dis-

cussed.)

Kutorgina Billings, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 247-248.

(Described and discussed.)

Kutorgina Billings, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 563-564.

(Copy of preceding reference.)

Kutorgina Billings, Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 90-94.

(Copies Walcott, 1886b, pp. 101-102, on pp. 91-92, and describes and discusses genus, including species now
referred to Micromitra, Micromitra {Iphidella), Mieromitra {Paterina), Protorthis, and Billingsella, as well as

those referred to Kutorgina.)

Kutorgina Billings, Hall and Clarke, 1892, idem, p. 183. (Discusses generic relations; see the seventh reference in

the synonymy of Botsfordia pulchra, p. 607.)

Kutorgina Billings, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 306-308. (Original characterization, Billings,

1861b, p. 7, copied and genus described and discussed essentially as below.)

Kutorgina Billings, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 209. (Described.)

Kutorgina Billings, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 145. (Classifi-

cation of genus.)

Billings [1861b, p. 9] proposed the genus Kutorgina in a footnote accompanying the

description of the type species K. dngulata. He says

:

Since the above was written I have examined malny casts of the interior of this species, and am inclined to the

opinion that it is generically distinct from Obolella chromatica. From the very considerable elevation of the beak
the dorsal valve must have an area and probably a foramen. In one specimen there are two large oval impressions

faintly impressed, but still distinctly visible. There is no trace of the lateral scars, and the form, notwithstanding

the characters of the surface, conveys the idea of an Orthisina. Should, upon further examination, my suspicions

turn out to be well founded, I shall call the genus Kutorgina, after the celebrated European naturalist, Kutorga.

From present information of the genus the following diagnosis is prepared:

Shells inequivalve, transverse or elongated. Ventral valve convex, with apex marginal or

incurved over the pseudo-area; cardinal area rudimentary, without any delthyrium or well-defined

pseudodeltidium; the latter usually extends one-half the distance from the apex to the plane

of the posterior margin of the valve; interior of ventral valve with well-defined main vas-

cular sinuses, with a visceral area between the sinuses. Dorsal valve flat or shghtly convex,
rising to a small, elevated umbo; apex marginal and usually pointing upward; cardinal area

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Kutorgina were
formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed:

Lingula Bornemann [1891, p. 439].

Kutorgina Bornemann [ 1891, p. 440].

Orf/iis ? Tate [1892, p. 185).

Kutorgina Freeh [1897, PI. I A, figs. 6a-b].

Kutorgina von Toll [1899, p. 26].

Kutorgina Matthew [1899a, p. 189; 1899d, p.

Kutorgina Walcott [1901, p. 695].
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short, rudimentary, and without well-defined pseudodeltidium. Interior of ventral valve with

median septum between the central and posterolateral muscle scars.

Observations.—The short cardinal areas of the valves leave a broad open space between

them for the passage of the pedicle. The areas are more than reflected posterior margins of

the valves, as they have transverse lines of growth and a suggestion of a pseudodeltidium.

These features are more rudimentary than in Micromitra. Kutorgina includes the larger cal-

careous shells, and Micromitra the somewhat more specialized, smaller, corneous shells. The
exterior form of the valves of Kutorgina suggest Nisusia festinata (Billings), with which the

type species, K. cingulata (Billings), is associated in Vermont and at Bic Harbor.

The genus was named in honor of Kutorga.

Kutorgina cingulata (Billings).

Text figures 3, page 299; 8, page 299; 50A-C, page 581; Plate V, figures 1, la-s.

Oholella {Kutorgina) cingulata Billings (in part), 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 8-9, figs. 8

and 10 (not fig. 9). (Described as a new species. Fig. 9 is that of a specimen now referred to Rustella edsoni.)

Obolella {Kutorgina) cingulata Billings (in part), 1861, Report on the Geology of Vermont, vol. 2, p. 948, figs. 347 and

349 (not fig. 348). (Text and figures copied from Billings, 1861b, p. 9, figs. 8 and 10, p. 8. Pig. 348 is that of a

specimen now referred to Rustella edsoni.)

Obolella {Kutorgina) cingulata Billings (in part), 1862, Report on the Economic Geology of Vermont, by Hager, p. 220,

figs. 347 and 349 (not fig. 348). (Text and figures copied from preceding reference. Fig. 348 is that of a speci-

men now referred to Rustella edsoni.)

Obolella cingulata Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, p. 284, figs. 287a and 287b (not fig.

'
287c). (No text reference. Figs. 287a and 287b are copied from Billings, 1861b, figs. 8 and 10, p. 8. Fig.

287c represents a specimen now referred to Rustella edsoni.)

Kutorgina cingulata (Billings), Walcott (in part), 1886, Bull. U. S. Geol. Survey No. 30, pp. 102-104, PI. IX, figs. 1,

la-f (not figs. Ig and 111). (Original description, Billings, 1861b, p. 9, copied and species described and dis-

cussed. The specimens represented by figs. 1, la-f are redrawn in this monograph, PI. V, figs. Ic, lb. Id, la, 1,

li, and Ih, respectively. Specimens referred to Rustella edsoni are mentioned on p. 103 and are figured, PI. IX,

figs. Ig and Ih.)

Kutorgina cingulata {Billinga), Beecher, 1891, Am. Jour. Sci., 3d ser., vol. 41, footnote, pp. 345-346. (Discusses

generic relations.)

Kutorgina cingulata (Billings), Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 609, PI. LXIX, figs. 1, la-f

(not figs. Ig and Ih). (Mentioned. Figs. 1, la-f are copied from Walcott, 18S6b, PI. IX, figs. 1, la-f. Figs.

Ig and Ih represent specimens now referred to Rustella edsoni.)

Kutorgina cingulata (Billings), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

PI. IV, figs. 11-13. (No text reference.)

Kutorgina cingulata (Billings), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 92, figs.

47-49; PI. IV, figs. 10-17. (Mentioned in discussing genus. Figs. 47-49 are copied from Walcott, 1886b,

PI. IX, figs, lb, la, and If, respectively. Figs. 13, 14, and 17 are copied from figs. 11-13 of the preceding

reference.)

Kutorgina cingulata (Billings), Frech, 1897, Additional plates inserted in 1897 in Lethsea geognostica, pt. 1, Lethaea

palseozoica, atlas, 1876, PL I a, figs. 6a-b. (No text reference. Figs. 6a-b are copied from Walcott, 1886b,

PI. IX, figs, la and 1, respectively.)

Kutorgina cingulata (Billings), von Toll, 1899, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 8, No. 10, pp.

26-27, PI. I, fig. 28. (Described and discussed in German.)

Kutorgina cingulata Billings, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 308-309. (Described and discussed

essentially as below, with the e.xception of the notes and figures on the shell structure.)

Kutorgina cingulata von Toll, Walcott, 1905, idem, p. 309. (Species and locality mentioned.)

Kutorgina cingulata (Billings), Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 209, fig. 246.

(Described. The three figures of fig. 246 are copied from Walcott, 1886b, PL IX, figs. 1, la, and lb.)

General form transversely or longitudinally oval; biconvex, with the ventral much more

convex than the dorsal valve. Surface marked by concentric lines and ridges of growth and

the edges by imbricating lamellae of growth. Shell substance calcareous and fibrous. The shell

is formed of a tliin, dark, compact outer layer and a thick, laminated, calcareous inner layer. It

is possible that the tliin outer layer is chitinous, but it does not appear to be so.

The L'Anse au Loup and Bic Harbor shells average about 15 mm. long by 17 mm. in width.

At the locality near Swanton, Vermont, ventral valves occur 24 mm. in length and 30 mm. in

width, and one large dorsal valve is 20 mm. in length with a width of 30 mm.



KUTOEGINID^. 581

Ventral valve in young shells moderately convex, becoming more and more convex with

increase in size and age; in young shells the slope from the front margin to the apex is nearly

straight, and the apex terminates at the posterior edge of the valve above the more or less ele-

yated pseudo-area; in old shells the curvature from the front to the apex is nearly a semicircle,

and the apex terminates in a pointed beak overhanging the pseudo-area ; a mesial smus, of vary-

ing strength, occurs on man}^ shells, and in others it is entirety absent; the area is concave on
the outer parts; toward the center it becomes shghtly flattened or convex and thus forms a

very rudimentary pseudodeltidium; it extends beneath the apex at an angle of about 45° to

the plane of the margins of the valve; the pseudo-area extends about one-half the distance from
the apex to the plane of the valve and arches gently from the lateral extremities to the center.

A partly exfohated shell shows four dark lines radiating forward from the umbo and
two near the sides that may have something to do with the muscle scars or vascular sinuses.

FiGTTRE 50.—Kutorgina cingvlata (Billings). A, Enlargement of a portion of a transverse section of an old shell which shows its laminations and
the peculiar manner of growth (X30). B, C, Vertical sections of an old shell, showing the imbricated manner of growth of the outer thin
dart layer (X30). This outer layer is not preserved in the specimen represented by A.

The specunens from which these sections were made came from Locality 25a, near Swanton, Vermont (U. S. Nat. Mus. Cat. Nos. 15337f,

15337g, and 15337h, respectively).

I thought so in 1886 [1886b, p. 103] but am not sufficiently confident of it now to state it as a

settled conclusion. Fine punctse occur on the inner layer of the shell; also numerous radiating

lines about one-half millimeter apart.

Dorsal valve gently convex in young shells; with increase in size the umbo becomes more
elevated and the apex points upward or terminates at the union of the pseudo-area and the

upward slope of the shell on the umbo; in some shells there is a tendency for the valve to

become slightly concave in the space between the margins and the elevated umbo; the area

of the valve is narrow and with little character; on some shells it slopes beneath the apex,

and on others it slopes backward, forming a low angle with the surface of the valve ; the, interior

of the dorsal valve shows a median septum with two central scars (h) and the anterolateral

scars (j) (PI. V, fig. Ih); numerous small vascular canals radiate from the central concave
area toward the flattened anterior and lateral half of the valve; a cast of the interior (PI. V,
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fig. Id) shows two vascular canals radiating forward from near the apex. Radiating lines

occur on the interior of the same character as those of the ventral valve.

Observations.—Since writing on this species in 1886 I have collected specimens showing

the character of the areas of the valves and also obtained further information relative to the

interior of the dorsal valve. The rudimentary areas are less advanced in development than

those of Micromitra, and the muscle scars of the dorsal valve are much like those of Oholella

and Oholus.

The presence of rudimentary teeth in Eutorgina cingulata is very difficult to demonstrate

by actual observation, owing to the character oiF the matrix in which the specimens occur.

That articulating processes are present, however, is indicated by the fact that in a relatively

small collection tliirty of the valves are united, and the fact that the dorsal valve is rarely

in any other position than that in which it would be if teeth in the ventral valve held it in its

normal position. In only a few of the specimens have the valves sUd or turned either way,

as they frequently do in the inarticulates.

The specimens from Bio Harbor and east of Swanton, Vermont, are better than those

from the type locahty at L'Anse au Loup, so I have selected material from these localities for

illustration, with the exception of a dorsal and ventral valve. Many of the Vermont shells

are larger and more fully developed, biit specimens of the same size as those from L'Anse au

Loup and Bic Harbor are identical in the characters available for comparison.

Formation and locality.—Lower Cambrian: (392a) Limestones at L'Anse auLoup, on the north shore of the Straits

of Belleisle; and (392 1)'^ arenaceous limestone at Point Amour, Straits of Belleisle; both in Labrador.

(2o) Limestone bowlders in conglomerate, on shore at east entrance to harbor at Bic, Rimouski County, Quebec,

Canada.

(25a)6 Limestone on the Hall (Donaldson's) farm, 2 miles (3.2 km.) east of Swanton; and (319m) shales of No. 6

of the section at Parker's quarry [Walcott, 1891b, p. 278], near Georgia; both in Franklin County, Vermont.

(Iv) Shales of No. 3 of the Silver Peak Group, Barrel Spring section [Walcott, 1908f, p. 189],. 3 miles (4.8 km.)

north of Valcalda Spring and 4 miles (6.4 km.) west-northwest of the Drinkwater mine. Silver Peak quadrangle (U. S.

Geol. Survey), Esmeralda County, Nevada.

(35f) About 300 feet (91 m.) below the Middle Cambrian in the limestone forming 6 of the Mount Whyte forma-

tion [Walcott, 1908c, p. 242 (11)] just above the tunnel on the north shoulder of Mount Stephen, about 3 miles (4.8

km.) east of Field, British Columbia, Canada.

(347 [von Toll, 1899, p. 27]) Near Tschurskaja Station, on Lena River, Siberia.

KUTOEGINA GEANXJLATA MatthcW.

Plate V, figures 5, 5a-c.

Kutorgina granulata Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, p. 189, PI. I, figs.

2a-d. (Characterized and discussed as a new species. The specimens represented by figs. 2a, 2b, and 2c are

redrawn in this monograph, PI. V, figs. 5 and 5a, 5c, and 5b, respectively.)

Kutorgina granulata Matthew, 1899, Trans. Roy. Soc. Canada for 1899, 2d ser., vol. 5, sec. 4, No. 4, p. 98, PI. V, figs.

2a-d. (Described and discussed. Figs. 2a-d are copied from figs. 2a-d of the preceding reference.)

The description by Matthew [1899e, p. 98] follows:

Shell substance calcareous. Hinge-line straight, somewhat shorter than the full width of the shell; lateral margin

straight near the hinge; front margin broadly rounded.

Ventral valve convex, the umbo considerably elevated, the posterior thhd of the shell somewhat more tumid

than the rest; lateral angles somewhat flattened. The area appears to have a deltidium, about one-fifth as wide as the

length of the hinge-line; this line, when viewed from behind, appears to be bent up in the middle. Interior: On
the posterior half there are a number of low vascular ridges; two of these inclose a median groove, which extends

to within a thii'd of the front of the valve; there are about three other ridges on each side. These ridges are most

distinct near the umbo, and about three or four are found in the space of 1 millimeter.

The dorsal valve is flatter, and has the umbo depressed to the cardinal line, and the sides of the valve toward

the hinge much flattened. Interior: There is a median septum extending about one-third of the length of the valve,

and faintly indicated for another third to a point where there is a small pit on the inner surface of the valve; and

there are also radiating lines as in the ventral valve, but more numerous.

. The surface is minutely granulated. On the somewhat tumid posterior third of the valve concentric strite are

faintly visible, but they become distinct on the anterior part, and there are very fine radial lines, giving to the summit

o These specimens are in tbe collections of the Geological Survey of Canada. 6 The species also occurs in Locality 3196.
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of the intervening ridgelets a beaded appearance; at certain intervals stronger concentric strise of growth show on the

surface of the shell; there are about five or six of these on its surface.

Length, 4 mm.; width, 6 mm.; depth of the ventral valve, 1.5 mm.

This species is smaller than K. cingulata and differs in its ornamentation.

Observations.—This little shell occurs in reddish hmestone beneath a shaly band in which

I found fragments of Olenellus. Except for size it is much like Kutorgina cingulata (BiUings)

in its general aspect. It differs in the details of surface ornamentation and interior radiating

lines.

The form owes its specific name to its granulated surface.

Formation and locality.—Lower Cambrian: (314b [Matthew, 1899e, p. 97]) Limestone of the "Etcheminian

series," at Smith Sound, Trinity Bay, Newfoundland.

Kutorgina peculiaeis (Tate).

V Plate V, figure 2.

Orthis {?) peculiaris Tate, 1892, Trans. Roy. Soc. South Australia for 1892, vol. 15, pt. 2, pp. 185-186, PI. II, fig. 5.

(Described as a new species; see below for copy. The specimen represented by fig. 5 is redrawn in this mono-

graph, PL V, fig. 2.)

The original description by Tate follows

:

Transversely subquadrilateral, equilateral; hinge-line in the longest anteroposterior [transverse] diameter,

straight.

Ventral (?) valve flatly convex, with an abruptly depressed and deeply bUobed ventral margin; the mesial

furrow decreases in depth as it ascends to near the umbo; the lateral margins are obliquely arched, nearly straight,

forming an angle of about 70° with the hinge-line.

Surface marked by depressed unequal folds of growth.

The author [1892, p. 185] referred to the valve as ventral (?). Its reference to Kutorgina

identifies the valve as the dorsal. I do not know of a closely related form.

The form owes its specific name to the fact that it seemed to be an unusual representative

of the genus to which it was first assigned.

Formation and locality.—Middle? Cambrian: (318a) Limestone at Parara, near Ardrossan; and (315) lime-

stone at Curramulka; both [Tate, 1892, p. 185] in Yorke Peninsula, South Australia.

Kutorgina perugata Walcott.

Plate V, figures 3, 3a-e.

Kutorgina perugata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 310. (Described and discussed essentially as

below as a new species.)

General form ovate, biconvex. Surface marked by concentric lines of growth and more
or less strong concentric corrugations. The outer surface is ornamented by a fine network

of oblique depressed lines that leave minute rhomboidal elevations between them that look

like fine papillse under a moderately strong magnifier, and the cast of the surface has much
the same appearance in a transverse light. Shell substance calcareous.

A large ventral valve has a length of 14 mm., width 16 mm. A dorsal valve 11 mm.
in length has a width of 14 mm.

The ventral valve is strongly convex in adult shells, with the liighest point near the umbo
or at the apex; the apex terminates at or overhangs a rudimentary pseudo-area that slopes

beneath the shell at an angle of 45° to 60° to the plane of the margins of the valve; the pseudo-

area is concave and about half the length of the space between the apex and the plane of the

valve. Casts of the interior show well defined main vascular sinuses, with the outline of the

visceral area between them.

The dorsal valve is transverse, nearly flat in some examples and slightly convex in others.

The surface slopes gradually from the margins to near the umbo, where the slope increases

and extends to the upward-pointing apex; a rudimentary pseudo-area slopes backward from

the apex. In some examples the pseudo-area appears to be little more than a bending over
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of the posterior margins of the shell; in others it has the outhne of a slightly convex pseudo-

deltidium.

Observations.—This species in its reticulate surface ornamentation recalls Micromitra

(Iphidella) fannula (Wliite) and Mickwitzia monilifera (Linnarsson). In form the young

shells are not unlike Kutorgina cingulata (Billings). A large, imperfect, ventral valve, 24 by

24 mm., of this genus, was collected by J. E. Clayton from the Cambrian limestone of the

Silver Peak district. It may belong to K. perugata, and it is so referred for the present. From

the shales of the Olenellus zone in Silver Canyon, Wliite Mountain Range, a series of com-

pressed specimens was collected. Some of these show a concave pseudo-area on the ventral

valve, also strong main vascular sinuses. Some of the shells from the shales of Locality 175

have lost all traces of surface characters, only a faint, smooth impression remaining.

Formation and locality.—Lower Cambrian: (313i) Limestone collected at long. 117° 20' W., lat. 38° N., in

the western part of Esmeralda County, Nevada.

(Iv) Shales of No. 3 of the Silver Peak group, Barrel Spring section [Walcott, 190Sf, p. 1S9], 3 unites {4-8 km.)

north of Valcalda Spring and 4 miles {6.4 km.) west-northwest of the Drinkwater mine; (175) « shales carrying Olenellus

on the divide between Clayton and Fish Lake valleys, about 1.5 miles (24.2 km.) south-southwest of the town of

Silver Peak; and (184) shales at the summit of the Silver Peak Range, 10 miles (16.1 km.) southwest of the town of

Silver Peak; all in the Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

(7) Shaly beds about 1,000 feet (305 m.) above the quartzitic beds. Silver Canyon, White Mountain Range,

Inyo County, California.

Kutorgina sardiniaensis Walcott.

Plate V, figures 4, 4a-c.

Kutorgina cingulata Bornemann [not (Billings)], 1891, Nova Acta Acad. Cajs. Leop.-Carol. Germanicte Natura Curio-

sorum, Bd. 56, No. 3, p. 440, PI. XIX (XXXIV), figs. 22 and 23. (Described and discussed in German; see below

for translation. Figs. 22 and 23 are copied in this monogi'aph, PL V, figs. 4b and 4c, respectively.)

Lingula rouaulti Bornemann [not Salter], 1891, idem, p. 439, PL XIX (XXXIV), fig. 21. (Characterized and dis-

cussed in German. Fig. 21 is copied in this monograph, PL V, fig. 4.)

Kutorgina sardiniaensis Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 695. (Merely changes specific reference of

Bornemann's Kutorgina cingulata.)

Kutorgina sardiniaensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 311. (Original description, Bornemann,

1891, p. 440, translated as below and species discussed as below as a new species.)

The original description by Bornemann follows

:

Transversely oval, more or less arched, with a straight margin which is a little shorter than the greatest breadth

of the shell. Surface shows strong concentric lines of growth.

Found quite commonly in the slates with Olenopsis and Metadoxides near Canal Grande, and rarely in sandstone

with Archxocyathus on Punta Pintau. The specimens in the argillaceous shale are always pressed very flat, and are

imperfect; in the sandstone, impressions of the outer surface are often found.

Here belongs, perhaps, also the shell designated above as Lingula rouaulti (?).

All that is known of the species is represented by the illustrations. It appears to be con-

generic with Kutorgina cingulata (Billings), but not siiecifically identical with it.

Formation and locality.—Middle? Cambrian: (354) Yellowish-brown slates not far from the buildings of Canal

Grande; (354b) yellowish sandstone with Archxocyathus at Punta Pintau and elsewhere; and (354e)6 slate at Porto

Canal Grande; all [Bornemann, 1891, pp. 439 and 440] in the island of Sardinia, Italy.

Kutorgina sp. undt. Walcott.

Kutorgina sp. undt. Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 311. (Characterized and discussed as below

as an undetermined species.)

Ventral valve transverse, moderately convex; length, 6 mm.; Avidth, 8 mm.; pseudo-area

short and sloping beneath the apex at an angle of about 45°.

A single cast from a coarse sandstone is all that is known of tliis species. It may be a young

shell of K. cingulata (Billings), but the means of comparison do not justify such a reference.

Formation and locality.—Lower Cambrian : (47a) Sandstone on the southwest side of Sailings Mountain, 2

miles (3.2 km.) east of Natural Bridge, Rockbridge County, Virginia.

a The species is somewhat doubtfully identified from this locality.

!> Specimens from this locality are in the collections of the United States National Museum.
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FamUy SCHUCHERTINID^E Walcott.

Genus SCHtTCHEBTINA Walcott.

Schuehertina Walcott, 1905, Proc. U. S. Nat. Miis., vol. 28, p. 323. (Mentioned as beiow as a new genus.)

Scliuchertina Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 145. (Classification of

genus.)

The description of the type species includes that of the genus, as but one species is known.

Type.—Scliuchertina cambria Walcott.

The genei'ic name is given in recognition of the thoi'ough work that Prof. Charles Schuchert

has done on the Brachiopoda.

, SCHUCHEETINA CAMBRIA Walcott.

Plate LI, figures 6, 6a-m.

Schuehertina cambria Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 323-324. (Described and discussed as below

as a new species.)

Shell subovate, with valves obtusely acuminate, biconvex. Surface marked by concentric

lines and strise of growth and fine radiating strise. The inner and outer surface of the shells

have very fine punctse, but no traces of punctse penetrating through the shell have been

observed.

The largest ventral valve dias a length of 22 mm.; width, 23 mm.; dorsal valve, length,

17 mm.; width, 18 mm. Shell substance calcareous, rather thick on the umbonal region and
thin toward the margins.

Ventral valve subacuminate, moderately convex; on some of the larger shells a broad mesial

fold and arching of the frontal margins are present; apex terminates at the margin above a

triangular opening or delthj^rium; area small and within the plane of the margins of the valve;

it is attached to the bottom of the valve and divided midway by a very slight pedicle groove; the

margins of the delthyrium-like opening sustain an angle of about 45° to the plane of the valve,

and the solid area within is at its center nearly on the plane of the valve; the anterior margins

of the area extend upward to meet the margins of the shell, thus forming a solid arched area.

The interior of the valve is marked by radiating, shallow, narrow furrows that vary in number
and strength in different shells; just in front of the area on each side of the median line oval

depressions occur, which correspond in position and shape to the diductor muscle scars of the

ventral valve of the Billingsellidse, and they are so interpreted on the figures ; traces of the adduc-

tor scars are found on each side of the median line. Dorsal valve obtusely acuminate, about as

convex as the ventral valve; apex marginal on the broad, low, median arch of the posterior

margin; the only trace of an area that has been observed is shown on figure 6j; a broad,

shallow mesial sinus and projecting front margin occur on adult shells; the position of the

anterior and posterior adductor muscle scars is indicated, also the umbonal thickening in

which the diductor muscles were probably attached, as there is no trace of a cardinal process;

radiating furrows like those in the ventral valve are strongly marked in adult shells.

Observations.—Scliuchertina cambria is a shell that, as far as I know, is unique. In its

exterior form it suggests a biconvex orthoid genus, and this likeness is further increased by the

flabelliform scars of the ventral valve; the smooth surface and solid cardinal areas suggest

Elkania. It may be that Schuehertina is a type derived from some early Cambrian form allied

to the Billingsellidse. Its general aspects appear to affiliate it with the Orthidse.

Formation and locality.—Middle Cambrian: (5k) Limestone in Meagher County on the road to Wolsey, about

1 mile (1.6 km.) south of the divide at the head of Sawmill Creek, and 8 miles (12.8 km.) south of Neihart, Little Belt

Mountains quadrangle (U. S. Geol. Sui-vey), Cascade County, Montana.
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Order NEOTREMATA Beecher.

[vEOf, young; and zpfiiiiy perforation.]

Superfamily SIPHONOTRETACEA Walcott and Schuchert.

Family OBOLELLID.^ Walcott and Sclmcliert.

Genus OBOLELLA Billings.

«

[Obolus.)

Oholella Billings, 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 7. (Described and discussed as a new

genus.)

Oholella Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 946. (Copy of preceding reference.)

Oholella Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 218. (Copy of preceding refer-

ence.)

Oholella Billings, 1862, Am. Join. Sci., 2d ser., vol. 3.3, pp. 420-i21. (Note on date of first publication.)

Oholella Billings, Hall, 1863, Sixteenth Ann. Rept. New York State Cab. Nat. Hist., p. 131. (Original description,

Billings, 1861b, p. 7, copied.)

Oholella Billings, Meek and Hayden, 1865, Smithsonian Contrib. Knowl., No. 172, Paleontology Upper Missouri,

pt. 1, pp. 3-4. (Original description, Billings, 1861b, p. 7, copied.)

Oholella Billings, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, p. 60. (Original description,

Billings, 1861b, p. 7, copied and genus discussed.)

Oholella Billings, Hall, 1867, Trans. Albany Inst., vol. 5, p. 108. (Original description, Billings, 1861b, p. 7, copied.)

Oholella Billings, Davidson, 1868, Geol. Mag., vol. 5, pp. 308-309. (Original description, Billings, 1861b, p. 7, copied

and genus discussed.)

Oholella Billings, Dall, 1870, Am. Jour. Conchology, 2d ser., vol. 6, pt. 2, pp. 154 and 163. (Described.)

Oholella Billings, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, pp. 338-339. (Copied from David-

son, 1868, pp. 308-309.)

Oholella Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 2, pp. 217-218. (Described and discussed.)

Oholella Billings, 1872, Am. Jour. Sci., 3d ser., vol. 3, pp. 355-357. (Described and discussed.)

Oholella Billings, 1876, idem, vol. 11, pp. 176-178. (General description and discussion of genus and species referred

to it.)

Oholella Billings, Zittel, 1880, Handbuch der Paleeontologie, Bd. I, Abth. 1, p. 664. (Described in German.)

Oholella Billings, Ford, 1881, Am. Jour. Sci., 3d ser., vol. 21, pp. 131-134. (General discussion of genus and species

referred to it.)

Oholella Billings?, Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 67-68. (Genus discussed in description of

" Oholella ambigua.")

Oholella Billmgs, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 109-112. (Original description, BQlings,

1861b, p. 7, and later description, Billings, 1876, p. 176, copied and species referred to the genus discussed.)

Oholella Billings, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1262. (Described in French, with figures

of "0. desquamata Hall.")

Oholella Billmgs, Hall and Clarke (in part), 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 240-

241. (Described and discussed, the genus Dicellomus being included as a synonym.)

Oholella Billings, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 556-557.

(Copy of preceding reference.)

Oholella Billings, Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 66-73.

(Genus described, with a general discussion of the genus and the species referred to it. The genus Dicellomus

is included as a synonym, and the reference also includes species now referred to Bicia, Obolus, etc.)

Oholella Billings, Hall and Clarke, 1892, idem, pp. 164-165. (Generic relations discussed.)

Oholella Billings, Matthew, 1892, Trans. Roy. Soc. Canada for 1891, vol. 9, sec. 4, No. 5, pp. 39-40. (Original

description, Billings, 1861b, p. 7, copied and literature on the genus discussed.)

a Many of the references to Obolella in the synonymy are based upon or include species now referred to other genera. The present reference

of all species formerly placed under Obolella will be found on pages 69-72. The synonymy for this genus does not give a complete record of the

various genera under which the species now included in Obolella were formerly placed; it gives only those references in which the genus is

discussed or described. To complete the record the following mere generic references are listed:

Orbieulaf Hall [1847, p. 290].

vliiicMZa? Hall [1847, p. 292].

Obolella f {Orbicula ?) Ford [1871, p. 33].

Dicellomus Hall [1873, p. 246].

Obolella Ford [1878, p. 128].

Obolella Walcott [188Sa, pp. 116-117; 1885b, p. 21].

Obolella Ford [1886a, p. 466].

Obolella Shaler and Foerste [1888, p. 27].

Obolella Walcott [lS90b, p. 36].

Camerella Walcott [1890b, p. 36].

Obolella Walcott [1891a, p. 611].

Camarella Walcott [1891a, p. 614].

Camarella Hall and Clarke [1894, p. 221].

Protorhynclia f Schuchert [1897, p. 334].

Obolella Matthew [lS99d, p. 70].

Obolella Walcott [1899, p. 446].

Obolella Burr [1900, p. 47].

Obolella Grabau [1900, p. 620].

Obolella Walcott [1901, p. 674].

Obolella ? Matley [1902, pp. 137 and 139].

Obolella Delgado [1904, p. 364].

Obolella Etheridge [1905, pp. 248 and 249].

Obolella Gorham [1905, Pi, I].

Obolella Walcott [1906a, pp. 297 and 313].

Obolella Clark and Mathews [1906, p. 252].



OBOLELLIDiE. 587

Obolella Billings, Mickwitz, 1896, M6m. Acad. imp. sci. St.-P6tersbourg, 8th ser., vol. 4, No. 2, pp. 116, 121, and

123-126. (Copies the description of the genus as given by Hall and Clarke, 1892c, pp. 66-67, on pp. 123 and

124 and gives a general discussion of the generic relations of Obolella and Obolus, etc.)

Obolella Billings, Grabau and Shimbr, 1907, North American Index Fossils, vol. 1, p. 188. (Described.)

Obolella Billings, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 145. (Classifica-

tion of genus.)

Generic characters.—Shell subequivalve, moderately convex; dorsal valve more elevated at

the umbo than the ventral; longitudinally ovate or oval in outline, with the dorsal valve some-

times transversely oval. Surface marked by concentric strise of growth and radiating strije,

except in the subgenus Glyptias, which has irregular transverse lines crossing the concentric

striae.

Shell substance unknown in an unaltered condition; it is now calcareous but it may have
been calcareocorneous as in Oholus. Shell structure formed of a thin outer layer with many
thin inner layers or lamellae more or less oblique to the outer layer; the short lamellae of the

anterior portion of the valves are more oblique than the longer lamellae of the central and
posterior portions and lie at the edges in the same plane as the margins of the valves.

Area of the ventral valve rises from the plane of the margins of the valve at angles vary-

ing from 10° to 70°; broadly subtriangular when the beak is projecting, otherwise rounded at

the posterior margin almost as much as the area of the dorsal valve; the latter is usually on
the plane of the margins of the valve and broadly rounded posteriorly; both areas are striated

parallel to the base; in the ventral valve a narrow, shallow furrow divides the area midway;
the area of the dorsal valve is divided by a narrow, raised, triangular space, bordered on
either side by a more or less deeply impressed groove formed by a narrow fold of the area

lamellae; outside of this groove, and between it and the outer flexure fold of the area (f), a

depressed triangular space occurs that has led authors to consider it as the scar of the point

of attachment of cardinal muscles (PL LIV, figs. Ih, li). It sometimes occurs that the inner

angle of the area of the ventral valve adjoining the pedicle opening projects forward so as to

form a toothlike knob that in the cast is shown by a deep indentation beside the cast of the

pedicle opening and between the latter and the projecting cast of the undercut beneath the

area (PI. LV, figs. If, Ig). Pedicle opening or foramen of the ventral valve cylindroconical,

broad at the base and tapering to a minute apex; position of the external opening a little in

advance of the point of the beak; as indicated by casts of the tube in 0. atlantica and a speci-

men of 0. crassa. The opening varies in proportional size in different species; it is usually

marked by rather strong striae of growth. It extends upward and backward through the shell,

very much as does the foramen in Trematoholus and Botsfordia.

Splanchnocoele " of the ventral valve confined to the posterior half of the valve while in

the dorsal valve it extends forward to and in some instances beyond the center; in both valves

it extends back to the central part of the area which is bounded by the flexure lines (PI. LIV,
figs, li, 2g, 2m). Traces of a median septum are shown in the dorsal valve (PI. LIV, figs. Ih,

li, and PI. LV, fig. li), but no definite septum has been observed in the ventral valve. A
central median ridge of varying degrees of size and length often extends toward the central

portion of the dorsal valve; when it is large, a deep rounded groove usually occurs on each

side of it on the inner slope of which the central muscle scars may be situated (PI. LIV, figs.

2k-m). Often the median ridge is practically absent (PL LV, figs, li, 4a).

The grooves of the main vascular sinuses begin in each valve at the front margin of the

area near the median line, and in the ventral valve gradually extend forward and outward
toward the front half of the shell where they begin gently to curve inward, terminating toward

the front of the valve, the distance and curvature varying in different species (PL LIV, figs.

If, 2g, 2h, and PL LV, figs. If, Ih, 3c); in the dorsal valve the main vascular sinuses curve

out more rapidly (PL LIV, figs, li, 2m) and are much less prominent; none of the secondary

radial canals or the peripheral vascular sinuses have been observed. The course of the

parietal scar between the main vascular sinuses is in front of the splanchnocoele in the ventral

» Using nomenclature of Miclcwitz, 1896.
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valves (PI. LIV, figs, le, 2g, 2h), also in the same valves it passes closely around the muscle

scars situated between the main siauses and reaches the base of the area in line with the

flexure line of the area; in the dorsal vah^e it closely follows the outside limits of the muscle

scars, but it has not been traced across the main vascular sinuses.

The size and position of the pedicle and umbonal muscle scars is unknown, but they are

probably similar to those of Oholus. The central scars (h) (PI. LIV, figs. Ih, 2k, 2 1) are placed

a little distance each side of the median line in the dorsal valve; in the vential valve they are

not separable from the middle and outside laterals, which occur on each side of the front of

the visceral area at (c) (PI. LIV, fig. 2h). The middle and outside laterals of the dorsal valve

(1) are blended and lie obliquely outward before the transmedian scars (i). The transmedian

scars are close to the base of the area in both valves, and lie in the line of the prolongation of

the flexure line of the area. In number and relative position the muscle scars of OboleUa as

far as known are essentially the same as in Oholus.

Ohservations.—The genus OboleUa has been under discussion by authors for over fifty

years. In the original description Billings [1861b, p. 7] noted its resemblance to Oholus but

claimed that it was distinct on account of the difference in "the arrangement of the muscular

impressions." Later [1872c, p. 356] he compared it again mth Oholus, but having poor illus-

trations of both Oholus and Oholella he failed to discover the true position and relations of the

muscle scars in either. It was not until after Mickwitz's memoir [1896] on Oholus appeared,

and the collections of Oholella made under my direction during the summer of 1899 were studied,

that any correct comparisons could be made. It then became evident that as far as known
there was practically no difference in the arrangement of the muscle scars of the two genera,

but that there were most essential differences in the cardinal area of the ventral valve. Before

working out the fact that the ventral valve was perforated by a pedicle tube or foramen, I was
at a loss to find generic difference of value, although I believed that the area of the dorsal

valve of Oholella indicated differences not readily explained.

The pedicle passage of Oholus varies greatly in size and form, but it is always an open
furrow. In Oholella, it is in the ventral valve a cylmdroconical tube, the cardinal area rising

from the plane of the margin of the valve beneath the pedicle tube; in the dorsal valve a

slightly raised area occupies the place of the broad furrow in Oholus.

Oholella is confined to the Olenellus or Lower Cambrian fauna. Oholus, as now limited,

appears in the Lower Cambrian, and has its greatest development in the Middle and Upper
Cambrian fauna.

Bicia gemma is associated with Oholella crassa both at Bic and Troy, and the species was
referred to Oholella by Billings [lS72a, p. 218]. It differs so radically from Oholella in the

character of the areas of the valves and the interior markings that it is scarcely necessary to

institute comparisons between them. Lingulella schucherti is found associated with Oholella

crassa at Troy, New York.

The interior markings of Oholella and Botsfordia are quite similar (Pis. LiV and LV, and
Pis. LVII and LIX). The same is true of Trematoholus (PI. LXXXIII), but the pedicle open-

ing of Botsfordia is above the beak with almost no area beneath, while that of Oholella is above
a well-defined false area, and that of Trematoholus is more in advance of the beak.

Obolella asiatica Walcott.
V

Plate LV, figures 6, 6a.

Obolella asiatica Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 297. (Described and discussed as below as a new
species.)

General form broad, ovai, with the ventral valve showing a tendency to become bluntly

acuminate. Valves gently convex. Surface of shell marked by concentric, raised lines of

growth that form the front edge of narrow lamelhe of varying width; the raised lines are highest

in front, which gives an imbricated appearance to the surface; fuie concentric striae occur on
the interspaces between the raised Imes. Shell strong, apparently calcareous.
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The specimens occur in a compact, bkiish-gray oolitic limestone. None of them show the

area or interior of the valves. The reference to Oholella is based on the general form and calca-

reous shell. The shells vary in size from 3 to 5 mm.
Oholella asiatica may be compared with young shells of 0. crassa. Its broadly elliptical

form and slight convexity distinguish it from other species of the genus.

It may be that if material is found showing the interior valves' the generic reference will be

changed; but with the data now available, the reference is to Oholella.

The geological horizon is in some doubt, as the specimens were found in a block of river

drift limestone. The associated fragments of trilobites are too indefinite for determination.

Oholella is a Lower Cambrian genus as far as known, and other blocks of river drift limestone

at the same locality contained fragments of Redlichia, so the reference of the species is made to

the Lower Cambrian. By error 0. asiatica was included in the list of the Middle Cambrian

fossils of China [Walcott, 1905b, p. 5].

Formation and locality.—Lower Cambrian: (C32') Limestone bowlder collected in river drift 1 -mile {1.6 km.)

south of Chonpinghien, on Nankiang River, southern Shensi; and (C17) ferruginous limestone nodules in the brown

sandy shales at the top of the Manto shale [Blackwelder, 1907a, p. 27 (list of fossils at top of page) and fig. 6 (bed 15),

p. 25], at Changhia, Shantung; both in China.

Obolella atlantica Walcott.

Text figure 51, page 590; Plate LV, figures 1, la-i.

Obolella crassa Shaler and Foerste [not (Hall)], 1888, Bull. Mus. Comp. Zool. Harvard Coll., whole ser. 16, No. 2

(geol. ser. 2), p. 27, PI. I, figs. la-f. (Described.)

Obolella sp. Shaler and Foerste, 1888, idem, pp. 27-28, PL I, figs. 2a-c. (Described.)

- Obolella atlantica Walcott, 1890, Proc. U. S. Nat. Mus. for 1S89, vol. 12, p. 36. (Characterized.)

Obolella atlantica Walcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 611, PI. LXXI, figs. 1, la-c. (Copies Wal-

cott, 1890, p. 36. Figs. 1 and lb are copied in this monograph, PL LV, figs, lb and Ic, respectively. Figs, la

and Ic were slightly altered before they were used in this monograph, PL LV, figs, li and Ih, respectively.)

Obolella atlantica Walcott, Matthew, 1899, Trans. Roy. Soc. Canada for 1899, 2d ser., vol. 5, sec. 4, No. 3, p. 70. (Copies

Walcott, 1890, p. 36, and discusses species.)

Obolella atlantica Walcott, Burr, 1900, American Geologist, vol. 25, p. 47. (Discussed.)

Obolella atlantica Walcott, Grabau, 1900, Occas. Papers, Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 620-621, PL
XXXIV, figs. 3a-b. (Described.)

Obolella crassa Shaler and Foerste, Gorham [not (Hall)], 1905, Bull. Roger Williams Park Museum, No. 9, PL I, figs.

la-f. (No text reference. Figs, la-f are copied from Shaler and Foerste, 1888, PL I, figs, la-f.)

Obolella atlantica Walcott, Gorham, 1905, idem, PL I, figs. 2a-c. (No text reference. Figs. 2a-c are copied from Shaler

and Foerste, 1888, PL I, figs. 2a-c, respectively.)

Obolella atlantica Walcott, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 188, figs. 222a-d.

(Described. Figs. 222a-d are copied from Walcott, 1891a, PL LXXI, figs. 1, la-c, respectively.)

General form ovate, with ventral valve obtusely acuminate in the uncompressed speci-

mens; dorsal valve nearly circular, with the transverse diameter the greatest in the best pre-

served shells (PL LV, figs. Ih and li). Valves moderately convex. Surface of the shell marked

by concentric strise and more or less imbricating lines of growth; fine radiating striiB that are

sometimes raised lines strongly mark most shells, although in some instances the stripe are absent,

probably from having been worn away by abrasion. Wlaen the imbricating lamelhe of the shell

are broken the surface has the appearance shown by figure Ic.

The shells from the limestones of Manuels Brook appear to be relatively thick and formed

of several layers, the lamellae being arranged so as to terminate slightly oblique to the outer

surface, thus forming the foundation for the imbricating lines of growth. The Smith Point

material shows only casts of the outer and inner surfaces, as do most of the specimens from

North Attleboro. The thickening of the outer portions of the shell by the growth of the

oblique lamellse forms a strong interior margin which is usually flat (PI. LV, figs, la and Ih),

but it is sometimes oblique to the plane of the edges of the valves (fig. la). The ventral valves

average about 5 mm. in length, the largest is 8 mm. ; the dorsal valve is a little shorter than the

ventral.
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The area of the ventral valve is low and rises from the edge of the valve to meet the beak at

an angle of 30° to 45°; it extends well out on the cardinal slopes before merging into them; a

narrow furrow divides it midway.

The anterior margin of the area adjoining the false pedicle furrow forms a tooth or knob-

like projection (PI. LV, fig. le) that forms a deep recess next to the cast of the pedicle tube in

the casts of the interior of the ventral valve (fig. If). The surface of the area is marked by fine

transverse striae. On each side of the pedicle tube there is a strong undercut which in the cast

is replaced by a toothlike projection. The area of the dorsal valve extends nearly as far out

on the cardinal slopes as that of the ventral; it is marked midway in the cast by two ridges

that converge toward the median line at the posterior margin; these ridges represent furrows

such as occur on the areas of some species of Oholus and Lingulella at the side of the flexure

lines {Lingulella acutangula (Roemer), PI. XVII, fig. Ih). They are also present in the dorsal

valve of Oiolella diromatica Billings.

The pedicle tube or foramen is beautifully shown in numerous casts of the ventral valve.

When the shells are compressed the cast of the tube rests so nearly on the area that one is led

to doubt the existence of shell between the area and the tube. (See PI. LV, figs. If, Ig, 3c.)

In uncompressed specimens the cast of the tube extends upward and backward as shown

by figure Ih. The cast shows a minute apex and trumpet-shaped base. None of the speci-

mens show the exterior forarninal opening, nor has it been seen in any species of the genus.

The strong pedicle furrow shoMTi on the cardinal area in Plate

LV, figure le, does not exist on the specimen, except as indicated

by two faint lines. The true pedicle tube opening is shown beneath

/ _ _ _ the area, as represented in figure, 51. This was drawn from the

same specimen as that represented in Plate LV, figure le.
Figure 51.—06o!eiia o((a7?(ico Walcott.

, , j_ ii i • j.i j. • ^ •^

View of ventral valve, tipped back The musclc scars are not Well preserved m the material avail-

to show pedicle opening beneath g^^jg fpp study. The position of the transmediau scars (i) is indi-
thearea(X4). (The same specimen i • xi x i i j.i • j
is shown in a diflerent position in PI. catcd On cach vaive; also in the ventral valve the space occupied
Lv.flg. le.) The specimen is from |j„ ^^g central, middle lateral, and outside lateral muscle scars.
Locality So, LowerCambrian shales ^„ ,, i i • ,i • • i xi x i

at Smith Sound, Trinity Bay, New- Of the vascular marliings the main sinuses or the ventral

loundiand (u. s. Nat. Mus. Cat. ^alve are fairly well shown, also the outlines of the parietal scar

(PI. LV, fig. Ig). The presence of a short median ridge is indicated

on a cast of the dorsal valve (fig. li).

Observations.—This small but very interesting species is most nearly related to 0. cJiro-

matica Billings. It is nearly the same size, has the same type of shell structure, and probably

the same surface characters. It differs in being less convex, in having a more transverse dorsal

valve, less elongate ventral valve, and the narrower marginal border on the inside of the shell,

as shown by comparing Plate LV, figure Ih, with Plate LIV, figure Ih.

The separated valves occur in immense numbers in the shales above the limestone on

Smith Point and they are also abundant in a ferruginous limestone at Manuels. The mode

of occurrence of the species is very much like that of 0. cJiromatica, of which it appears to be

the Atlantic coast province representative; hence the specific name.

Formation and locality.—Lower Cambrian: (5o) Just below the Middle Cambrian in shales on Smith Point;

and (5n) shales about 275 feet (84 m.) below the horizon of Locality 5o on Smith Point; both in Smith Sound,

Trinity Bay, Newfoundland.

(5t) Shale and limestone nodules about 20 feet (6 m.) above the base of the Cambrian, on Eedrock Point near

Chappie Cove, Hollywood Point; (41) sandstone [see Walcott, 18911), p. 260, for position in section] on Manuels Brooh;

(41a) limestone [Walcott, 1891b, p. 260] on the mainland beneath Topsail Head; and (5p) limestone 300 feet (91.4 m.)

southeast of the railway station, Manuels; all on Conception Bay, Newfoundland.

(9n and 336e) Dark-purplish siliceous shales on Pearl Street, North Weymouth, Norfolk County; (326f [Burr,

1900, p. 47]) 0.5 mile (0.8 km.) south of North Weymouth, Norfolk County; and (326d) station 2 of Grabau [1900,

p. 610], near North Attleboro, Bristol County; all in Massachusetts.

Specimens compared with this species occur at the following locality:

Lower Cambrian: (59m) Weisner quartzite in the Roan iron mine, Bartow County, Georgia.
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Obolella chromatica Billings.

Plate LIV, figures 1, la-i.

Obolella chromatica Billings, 1861, Geo!. Survey Canada, Paleozoic Fossils, vol. 1, pp. 7-8, figs. 7a-d. (Described

and discussed as a new species.)

Obolella chromatica Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 947, figs. 346a-d. (Text and figures

copied from preceding reference.)

Obolella chromatica Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 219, figs. 346a-d. (Text

and figures copied from preceding reference.)

Obolella chromatica Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, p. 284, figs. 288a-d. (No text

reference. Figs. 288a-d are copied from Billings, 1861b, p. 7, figs. 7a-d, respectively.)

Obolella chromatica Billings, Hall, 1863, Sixteenth Ann. Rept. New York State Cab. Nat. Hist., p. 132, text figure.

(Mentioned. The text figure is copied from Billings, 1861b, p. 7, fig. 7c.)

Obolella chromatica Billings, Hall, 1867, Trans. Albany Inst., vol. 5, p. 110. (Text and figure copied from Hall, 1863,

p. 132.)

Obolella chromatica Billings, 1876, Am. Jour. Sci., 3d ser., vol. 11, pp. 176-178, figs. 1, 2, 3, p. 176; and figs. 4a-d,

p. 177. (Described and discussed. Figs. 4a-d are copied from Billings, 1861b, p. 7, figs. 7a-d, respectively.)

Obolella chromatica Billings, Ford, 1881, Am. Jour. Sci., 3d ser., vol. 21, p. 133, figs, 3 and 4. (Compared with

0. crassa. Figs. 3 and 4 are drawn from the figures given by Billings, 1876, figs. 1 and 3, p. 176.)

Obolella chromatica Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, figs. 9 and 10, p. 110 and p. 112, PI.

XI, figs. 1, la-b. (Copies Billings, 1861b, p. 7, and 1876, pp. 176-177. Figs. 9 and 10 are copied from Billings,

1876, figs. 1 and 3, p. 176. The specimen represented by fig. lb is redrawn in this monograph, PI. LIV, fig. Ih.)

-Obolella circe Billings, Walcott (in part), 1886, idem, p. 118, PI. X, fig. 3 (not fig. 3a). (Original description, Billings,

1872a, pp. 219-220, of Obolella circe copied. The specimen represented by fig. 3 is redrawn in this monograph,

PL LIV, fig. li. Fig. 3a represents a specimen of Quebecia circe.)

- Obolella chromatica Billings, Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 611, PL LXXI, figs. 2, 2a-b.

(Mentioned. Figs. 2, 2a-b are copied from Walcott, 1886b, PI. XI, figs. 1, la-b, respectively.)

Obolella circe Billings, Walcott, 1891, idem, p. 611, PI. LXXI, fig. 3 (not fig. 3a). (Mentioned. Pig. 3 is copied

from Walcott, 1886b, PL X, fig. 3. Fig. 3a represents a specimen of Quebecia circe.)

Obolella chromatica Billings, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 67, figa.

28 and 29. (Mentioned in the text. Figs. 28 and 29 are copied from Billings, 1876, figs. 1 and 3, respectively,

p. 176.)

Obolella chromatica Billings, Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 446. (Note on generic rela-

tions.)

Obolella chromatica Billings, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 313. (Copied from Walcott, 1899, p. 446.)

General form ovate, with ventral valve obtusely acuminate; dorsal valve broadly rounded,

with a tendency to become subacuminate in most specimens. Valves rather strongly convex,

with the beak of the ventral valve raised above the plane of the posterior margin, but usually

below the greatest elevation of the valve. The beak is slightly incurved over the area of the

ventral valve, and that of the dorsal valve terminates at the posterior margin, or may be
very shghtly curved over it.

Surface of the shell marked by concentric strise and lines of growth and fine radiating

striae. The latter are usually absent either from the exfoliation of the outer layer of the shell,

or from having been abraded before the shell was embedded in sediment. Shell rather tliick

and formed of several layers or lamellae within a thin outer layer. The outer layer usually

adheres to the matrix, and the inner layers have been so replaced by calcareous matter that

the shell appears to be solid. In a few examples the individual layers are preserved, and the

oblique lamellae, encircHng the anterior portions of the valves, form imbricating lines where
the outer layer has been removed. Billings [lS61c, p. 947] described the shell as breaking

with a granular fracture, and when weathered as having a tendency to fibrous exfoliation,

which is true for the specimens in which the original structure is lost.

The area of the ventral valve is usually lower than the greatest elevation of the surface

(PI. LIV, fig. la), but it may be as liigh as any portion of it (fig. Ic); it projects backward at an
angle varying from 45° to 70°. Billings states 45° to 60° from material he studied. The area

is divided midway by a narrow pseudo-pedicle furrow (p, fig. If). The area of the dorsal

valve is well defined in the cast (fig. Ig) and much like that of 0. crassa (Hall) (fig. 2k) and 0.

atlantica Walcott (Pl.LV,fig. 1 1). The two ridges on the cast that converge toward the posterior

margin are broader than in any other species except OJ lindstromi Walcott (PI. LV, fig. 4a).
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The position of the depressions (a) these ridges filled on the area is shown by figures Ih, li;

they are triangular areas on each side of a raised, central, triangular space that corresponds

in position to the pedicle furrow in species like Lingulella (Lingulepis) acuminata (Conrad)

(PL XLII, fig. 2a). In Obolus apollinis this portion of the area is sometimes slightly elevated,

with a depressed furrow on either side (PI. VII, figs. 6, 7). The cast of the cylindroconical

pedicle tube or foramen has been observed in a cast of the interior of the ventral valve (fig. le).

This is best seen in Oholella atlantica (PI. LV, figs. If, Ig, Ih). The external foraminal opening

has not been observed.

The muscle scars are unfortunately not well preserved. The general position of the trans-

median and anterior laterals is shown in the ventral and dorsal valves (i, j, PI. LV, figs. If, Ig)

;

the centrals (h) and the anterior laterals (j) in tlie dorsal valve (fig. Ih). The position of the

central, middle, and outside lateral muscle scars is indicated in the ventral valve by the outline

of the visceral cavity (v) as shown on figures le. If, but no individual scars can be determined.

The outside and middle laterals of the dorsal valve are merged with the transmedian in all

the specimens showing them at all; this is undoubtedly owing to the poor preservation of the

specimens.

The main trunks of the vascular sinuses are fairly well shown in both valves; also the

outline of the parietal scar between the sinuses. A rather strong median ridge occurs in the

posterior half of the dorsal valve on which the small anterior lateral muscle scars are situated

(PI. LIV, figs. Ig-i).

Observations.—When the validity of the genus Oholella was attacked [Hall, 1867, p. 110]

BiUings restudied this, the type species, and gave [1876, p. 176] an elaborate description of all

the characters he could determine. Through the kindness of the director of the Geological

Survey of Canada and of Prof. J. F. Whiteaves, I have had the opportunity of studying the

material in the Canadian Survey collection. Prof. Alpheus Hyatt also sent me specimens he

collected at L'Anse au Loup and I found some very good specimens in a small collection in

the United States National Museum, that were not accessible when I illustrated the species

in 1886 [1886b, PI. XI, figs. 1, la-b] and 1891 [lS91a, PI. LXXI, figs. 2, 2a-b]. Among the

new characters discovered are: (a) the narrow pseudo-pedicle groove; (b) the cast of the

cylindroconical pedicle tube or foramen; (c) the character of the area of the ventral valve;

(d) the vascular impressions of the interior of the ventral valve; these taken in connection

with the features shown by 0. atlantica Walcott establishes the genus Oholella as distinct from

Oholus and Dicellomus.

The species 0. cTiromatica Billings is about the same size as 0. atlantica, but it differs in

outline, convexity, and details of the areas of both valves. I know of no other species with

which it is necessary to compare its specific characters. It is in association with Olenellus

tJiompsoni and other fossils characteristic of the upper portion of the Lower Cambrian fauna

in the Gulf of St. Lawrence and the Lake Champlain region. The bits of limestone brought

from Labrador show great numbers of the separated valves, indicating that they occur in

large numbers in one or more layers.

Von Toll [1899, p. 27, PL I, fig. 27] illustrates a specimen from 3 miles (4.8 km.) beyond
Bestjachskaja station, on Lena River, Siberia, which he compares with Oholella cTiromatica

BiUings. It is too imperfect to determine with any degree of certainty what it may be.

Formation and locality.—Lower Cambrian: (392a) Limestones at L'Anse au Loup, on the north shore of the

Straits of Belleisle; (392c [Billings, 1872a, p. 218]) at the Straits of Belleisle; and (3921) arenaceous limestone at

Point Amour, Straits of Belleisle; all in Labrador.

(314f) Limestone of B7 of the section at Bonne Bay [Walcott, 1891b, p. 255], Newfoundland.

(338p) Sandy limestone one-fourth mile (0.4 km.) northwest of schoolhouse No. 7 in Greenwich, Cambridge

quadrangle (U. S. Geol. Survey), Washington County, New York.

^^ Obolella ckassa (Hall).

Text figure 14, page 299; Plate LIV, figures 2, 2a-n.

Orbicular crassa Hall, 1847, Nat. Hist. New York, Paleontology, vol. 1, p. 290, PL LXXIX, fig. Sa. (Described.)

Avicula f desquamata Hall, 1847, idem, p. 292, PL LXXX, figs. 3a and 3b. (Described.)
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Obolella (Orbiculaf) crassa (Hall), Ford, 1871, Am. Jour. Sci., 3d ser., vol. 2, p. 33. (Merely changes generic refer-

ence.)

Obolella crassa (Hall), Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 2, p. 218. (New locality mentioned.)

Obolella desquamata (Hall), Billings, 1872, idem, p. 218, fig. 6, p. 217. (New locality mentioned.)

Obolella crassa (Hall), Billings, 1872, Am. Jour. Sci., 3d ser., vol. 3, p. 356. (Copy of Billings, 1872a, p. 218.)

Obolella desquamata (Hall), Billings, 1872, idem, p. 356, fig. 6, p. 355. (Copy of Billings, 1872a, p. 218, and fig. 6,

p. 217.)

Dicellomus crassa Hall, 1873, Twenty-thii-d Ann. Rept. New York State Cab. Nat. Hist., p. 246, PI. XIII, figs. 6-9.

(Generic reference changed.)

Obolella crassa (Hall), Ford, 1878, Am. Jour. Sci., 3d ser., vol. 15, p. 128. (Described and discussed.)

Obolella crassa (Hall), Ford, 1881, idem, vol. 21, pp. 131-133, figs. 1 and 2. (Described and discussed.)

Obolella chromatica (Hall), Walcott, 1885, idem, vol. 29, pp. 115 and 117; figs. 1 and 2, p. 116. (Mentioned in the

text. Figs. 1 and 2 are copied from Ford, 1881, figs. 1 and 2, respectively, p. 131. They represent Obolella

crassa and are wrongly referred to in the text, pp. 115 and 117, as Obolella chromatica.)

Obolella crassa (Hall), Walcott, 1885, idem, vol. 30, p. 21. (Correction of error on pp. 115 and 117 of preceding

reference.)

Obolella crassa (Hall), Ford, 1886, idem, vol. 31, fig. 2, p. 466. (No text reference. Fig. 2 is drawn from the speci-

men figured by Ford, 1881, fig. 1, p. 131.)

Obolella crassa (Hall), Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 114, PI. X, figs. 1, la-f. (Copies Hall,

1847, p. 290; Ford, 1878, p. 128; and Ford, 1881, pp. 131-133; and discusses species. Figs. Id and If are drawn

from the specimens figured by Ford, 1881, figs. 2 and 1, respectively, p. 131. The specimen represented by

fig. Ic is redrawn in this monograph, PL LIV, fig. 21.)

Obolella crassa (Hall), Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Sm-vey, p. 612, PL LXXI, figs. 4, 4a-f. (New

locality mentioned. Figs. 4, 4a-f are copied from Walcott, 1886b, PI. X, figs. 1, la-f, respectively.)

Obolella circe? Walcott [not Billings], 1891, idem, fig. 62, p. 611. (No text reference.)

Obolella crassa (Hall), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, PL III, figs.

5-7. (No text reference.)

Obolella crassa (Hall), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 70, PL II, figs. 31-36.

(Discussed. Fig. 33 is drawn from the specimen figured by Hall, 1847, PL LXXX, figs. 3a-b. Figs. 32, 36,

and 34 are copied from figs. 5-7, respectively, of the preceding reference.)

Obolella crassa (Hall)?, Grabau, 1900, Occas. Papers Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 619-620, PL XXXI,
fig. 3. (Described.)

Obolella crassa (Hall), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 321. (Discussed.)

Obolella crassa (Hall), Grabau and Shimer, 1907, North American Index Fossils, vol. 1, pp. 188-189, figs. 222e-g,

p. 188. (Described. Figs. 222e-g are copied from Walcott, 1886b, PL X, figs. 1, le, and Ic, respectively.)

General form ovate to suborbicular, with the ventral valve bluntly acuminate in some

examples. Considerable variation in outline occurs, as is shown by Plate LIV, figures 2, 2a,

2b of the ventral valve, and 2k, 2 1 of the dorsal valve. Valves moderately convex, with the

beak of the ventral valve depressed below the greatest elevation of the surface and slightly

curved over the low area; the beak of the dorsal valve terminates at the posterior margin.

Surface of the shell marked by rather strong, concentric strise and lines of growth that

interrupt the continuity of fine radiating lines; it is rarely that the surface is well preserved;

usually the shells are smooth as though they had been,abraded. Shell rather tliick, and formed

of several layers or lamellae that are more or less oblique to a thin outer layer; the short oblique

lamellas encircling the anterior portion of the valves form imbricating lines when the outer

surface is removed (PL LIV, fig. 2b). Very few shells show the shell structure; usually the

calcareous matter has so far replaced the origmal shell that there is only a solid calcareous,

granular, or calcite shell, as shown by the broken section (fig. 2f). The weathered surface

often has a fibrous appearance similar to that of the shell of Obolella chromatica Billings.

The area of the ventral valve is usually short, but it varies considerably in this respect

(PI. LIV, figs. 2g, 2h, 2j). It overhangs the posterior margin at an angle varying from 4.5° to 70°

and extends well out onto the cardinal slopes; fine strise of growth parallel to the margin cross

the area and pass into and across the central furrow; a narrow furrow divides the area midway
(PI. LIV, figs. 2g, 2h, and 2j). The specimen represented by figure 2h has a roimded cardinal

area and a very shallow median furrow; a small pedicle opening is outlined beneath the

rounded area, but it is not shown in the illustration. A tendency of the inner point of the

area next to the furrow to thicken and project forward into the cavity of the shell is found

in several specimens, but it is not as pronounced as in Oholella atlantica Walcott. The area

62667°—VOL 51, pt 1—12 38
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of the dorsal valve is flat and marked midway by a slightly raised triangular space with

depressed triangular spaces on each side; what appear to be flexure lines cross the area very

much as they do in the area of the dorsal valve of Obolus apoUinis Eichwald. Pedicle tube

or foramen of ventral valve small, cyhndroconical. It has been observed in a broken section

of the posterior portion of one shell (PI. LIV, fig. 2nX. The external foraminal opening is a

little in advance of the extreme end of the beak.

The muscle scars are more clearly shown in 0. crassa than in any other species of the

genus. The transmedians (i) in both valves are near the margin of the area and close to the

mam vascular smuses; the outside and middle laterals (1) of the dorsal valve can not be sep-

arated, but their position a little in advance and slightly outside of the transmedian is well

indicated on the casts of the interior (PI. LIV, figs. 2k and 21) ; the anterior laterals of the ventral

valve are shown by figure 2h at j, a little in advance and outside of the transmedian, also in the

dorsal valve as small oval scars each side of the median line near the center of the shell; the

central scars (h) of the dorsal valve are elongate, oval, and situated on the inner edge of a

groove bounding the visceral cavity, about one-fourth of the distance between the anterior

lateral scars and the posterior margin of the shell; the central, middle lateral, and outside

lateral scars of the ventral valve have not been differentiated; the area (c) in which they should

occur (PL LIV, figs. 2g and 2li) is clearly outlined in a number of specimens; the pedicle and

umbonal scars have not been observed.

The main vascular sinuses of the ventral valve are strongly marked and extend forward

well toward the front margin of the shell; they vary in form and position in different shells

largely on account of the thickness and manner of deposit of the shell substance. The figures

2g-j illustrate better than any description I can give the character of the sinuses and the prin-

cipal variations as far as known to me. In the dorsal valve the main sinuses extend farther

out from the median line than in the ventral, but they are small and inconspicuous when com-

pared with the latter or with the strongly impressed grooves on each side of the visceral cavity.

The latter grooves rise to give the peculiar ridges having the appearance of frog legs that are

so strongly marked in the cast of the dorsal valve of Oholus {Lingulobolus) spissus (Billings)

(PI. XVI, fig. 2d).

Observations.—In a former paper [1886b, pp. 114-116] I have quoted the descriptions of

this species by Hall and Ford. With the material now available and our more detailed infor-

mation of the genus, it is unnecessary to repeat or to comment on those descriptions or on

the slight additions made by myself, except the reference made to Avicula? desquamata HaU.

Billings [1861b, p. 7] thought that Avicula f desquamata Hall might be referred to Oholella,

and Ford [1871, p. 33] referred Orbicula? crassa Hall to the same genus. Later [1878, p. 128]

the latter observer placed Avicula? desquamata as a synonym of 0. crassa, saying:

The species known as Oholella crassa of the Troy beds may also be briefly noticed in this connection. It includes

the species already widely known under the name of 0. desquamata from the same locality, this latter, as may be shown,

having been founded upon the dorsal valve of the former. The ventral valve is always more acutely pointed at the

beak than the dorsal, but beyond this feature there is nothing, so far as I have been able to discover, by which they

may be distinguished from each other externally. The surface of each when perfect is both radiately and concen-

trically striated. As a rule, however, the imbricating edges of the successive layers of growth are the only markings

visible.

Oholella crassa is one of the large species of the genus. There is no closely allied species on

the American Continent, but 0. mohergi, of Sweden, may be considered as such in the Scan-

dinavian Cambrian faunas. Some examples of the outer surface of 0. mohergi resemble 0.

crassa, but a careful comparison of the form and also of the interior of the valves shows striking

specific differences (Pis. LIV and LV). The presence of a well-marked median furrow on the

area of the ventral valve and a relatively small pedicle tube are noticeable features in 0. crassa.

Oholella crassa is very abundant in some of the limestone layers interbedded in the siliceous

shales at Troy, New York. It also occurs in the limestone conglomerate of the same region.

It is associated with the EUiptocephala asapTioides fauna in the Hudson Valley, and a

similar fauna is found in the limestone bowlders of the Bic conglomerate in the St. Lawrence
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Valley. I have found no traces of it in the Atlantic province Cambrian formations. Strati-

graphically, it is, I believe, the oldest representative of its genus in America.

Formation and locality.—Lower Cambrian: (392c [Billings, 1872a, p. 218]) At the Straits of Belleisle,

Labrador.

(56b) Limestone bowlder in conglomerate, on the south shore of Orleans Island, below Quebec; (2o) limestone

bowlders in conglomerate, on shore at east entrance to harbor at Bic, Rimouski County; and (319b) conglomeratic

limestones containing Olenellus ?, at St. Simon; all in Quebec, Canada.

(319k) Calcareous sandstone near the base of the section west of Parker's quarry, on cliff overlooking Lake
Champlain, east of Georgia, Franklin County, Vermont.

(2b) o Limestone just north of Beman Park, in the northeastern part of the city of Troy, Troy quadrangle (U. S.

Geol. Survey); (27) even-bedded and conglomerate limestones on the ridge in the eastern suburb of Troy, Troy
quadrangle (U. S. Geol. Survey); (338q [Hall, 1847, p. 290]) calcareous beds 3 miles (3.2 km.) northeast of Troy, Troy

quadrangle ( TJ. 8. Geol: Survey); (27a) reddish sandstone about 1 mile (1.6 km.) east of Lansingburg, north of Troy,

Cohoes quadrangle (U. S. Geol. Survey); and (29a) limestone 1 mile (1.6 km.) below the New York Central Railroad

depot at Schodack; all in Rensselaer County, New York.

(338o) Shale on Moses Hill, 2 miles (3.2 km.) west of North Greenwich; and (35) limestones 1.Smiles (2.4 km.)

north of Bald Mountain; both in the Schuylerville quadrangle (U. S. Geol. Survey), Washington County,* New
York.

(326d) "Station 2 " of Grabau [1900, p. 610] near North Attleboro, Bristol County; and (326g [Grabau, 1900, p.

620]) limestones at East Point, Nahant, Essex County; both in Massachusetts.

Specimens that are somewhat doubtfully referred to this species occur at the following

localities

:

lower Cambrian: (50a) Sandstone 2 miles (3.2 km.) northwest of York, York County; and (12v) sandstone

above the quartzite 1 mile (1.6 km.) west of Fruitville on Little Conestoga Creek, Manheim township, Lancaster

County; both in Pennsylvania.

(59m) Weisner quartzite in the Roan iron mine, Bartow County, Georgia.

Obolella ceassa elongata n. var.

Plate LV, figures 5, 5a.

In the collections from St. Simon there is an oval or elongate ovate form to which it

appears to be desirable to give a varietal name. Its surface is marked by stronger concentric

lines of growth than usually occur on the less elongate shells of 0. crassa (Hall), and the valves

especially the dorsal, are much more elongate than those of 0. crassa. One ventral valve of

the latter species from Troy, New York, is nearly as elongate (PI. LIV, fig. 2a), but it is broader

on the posterior half of the shell than those from St. Simon referred to the variety elongata.

Formation and LOCALITY.—Lower Cambrian: (319b) Conglomeratic limestones containing Olenellusf, St.

Simon, Province of Quebec, Canada.

Obolella groomi Matley.

^
Text figure 52. page 596.

Obolella{?) groomi Matley, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, pp. 137 and 139, figs. 1-2, p. 137.

(Described and discussed as a new species, see below for copy. Fig. 1 is copied on p. 596 as fig. 52.)

The original description by Matley follows

:

Shell oval, moderately convex, about as long as wide, widest toward the front, which is moderately to well rounded.
Lateral margins straight or slightly convex, converging posteriorly to form a rounded beak. Hinge-area absent, or

not well defined. Sides usually somewhat defiected. Surface covered by about thirty small but well-marked, con-
centric, rugose ridges. No radial striae. Casts of the interior show nothing but very faint traces of markings.

About 4.5 mm. long by 5 mm. wide. Type in Professor Groom's collection. Other specimens measure:

Length. Width.
mm. mm.
7 5.5

5.5 5

4.5 4.75

a The species also occurs at Locality 2d. 6 This species also occurs at Locality 20.
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Several specimens of this shell have been collected by Prof. Theodore Groom, in honor of whom the specific name
is given. With no knowledge of its internal characters, the generic reference is necessarily provisional, but the species

approaches in outline and external characters some American forms of the genus

Oholella, especially the type species of the genus, 0. chromatica Billings, of the

Olenellus zone of Canada, from which, however, it appears to be separated by the

form of the beak and the shape of the umbonal region.

There is little to add to Matley's description and observations,

except to call attention to the resemblance in general form and

surface of this species to the figure of Oholella crassa elongata on

A a' Plate LV, figure 5. As described and illustrated the species appears
FiGUKE 62.—OdoZriia jroomj Matley. , i „ „ , „ /^x.„7„77„
A, A', Top and side views of a ven- tO be a trUB OloUla.

ftoi^MatleyIlM2%".\l7?flVlf^'^
FORMATION AND LOCALITY.—Lower Cambrian: (304c) « "Malvern quartzite"

at Raggedstone Hill; and (304d)a "Malvern quartzite" at Midsummer Hill; both

[Groom, 1902, p. 94] in the Malvern Hills, between Herefordshire and Worcestershire, England.

ObOLELLA ? LINDSTROMI Walcott.

Plate LV, figures 4, 4a.

Oholella lindstromi Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 674-675. (Characterized and discussed essen-

tially as below as a new species.)

Tliis species differs from Oiolella mohergi Walcott in the more subacuminate outline of

the valves, the surface characters, and the interior of the dorsal valve. The last is well

shown by comparing figures 3e and 4a (PI. LV). Figures 3 and 4 clearly indicate the differ-

ence in surface of the two species. The surface of 0. ? lindstromi is much like that of Bicia

gemma (PL L, figs, la and Id).

The ventral valve (PI. LV, fig. 4) occurs in a hard gray sandstone of the Mesonacis torelli

zone, and the cast of the dorsal valve (fig. 4a) is from one of the brown sandstone masses that

occur within the gray sandstone at Sularp. I am not sure that the dorsal valve illustrated

actually belongs to this species, as it is not associated with the typical ventral valve. It

differs from the typical dorsal valves of 0. mohergi in being more acuminate, and there is no

corresponding ventral valve associated with it in the material studied.

I take pleasure in naming the species in honor of Dr. G. Lindstrom, to whom all paleon-

tologists are deeply indebted for liis many fine contributions to the paleontology of the Silurian

formations of Scandinavia.

Formation and locai.ity.—Lower Cambrian: (321v) Gray sandstone of the Mesonacis torelli zone at Bjorkelunda,

south of Simrishamn, Province of Christianstad; and (321s) brown sandstone interbedded in gray-sandstone at Sularp,

near Lund, Province of Malmohus; both in Sweden.

Obolella minor (Walcott).

Plate LIV, figures 3, 3a-d.

Camerella minor Walcott, 1890, Proc. U. S. Nat. Mus. for 1889, vol. 12, pp. 36-37. (Described and discussed as a

new species.)

Camarellaf minor Walcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 614, PL LXXII, figs. 4, 4a-d. (Text

copied from preceding reference. Figs. 4, 4a-d are copied in this monograph, PL LIV, figs. 3b, 3, 3c, 3d, and

3a, respectively.)

Camarella minor Walcott, Hall and Clarke, 1894, Nat. Hist. New York, Paleontology, vol. 8, pt. 2, p. 221. (Char-

acterized and discussed.)

Protorhyncha ? minor (Walcott), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 334. (Generic reference changed

and generic relations discussed.)

Oholella minor (Walcott), Clark and Mathews, 1906, Maryland Geol. Survey, vol. 6, 1906, pt. 1, p. 252, PL XVI,

figs. 13 and 14. (No text reference. Figs. 13 and 14 are copied from Walcott, 1891a, PL LXXII, figs. 4a and

4c, respectively.)

General form ovate, biconvex. Surface smooth or marked by concentric lines and varices

of growth. Ventral valve subacuminate, moderately convex, with the most elevated portion

at the umbo, which curves downward toward the small apex; the posterior or umbonal third

a Neither Groom [1902, p. 94] nor Matley [1902, p. 137] states wliich of these locaUties is the type locality.
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of the valve is usually more or less tumid, a ridge of growth separating it from the anterior

portion of the shell; area nearly on the plane of the margins of the valve and divided midway
by a narrow, deep, pedicle furrow; casts of the interior show that the area formed a shelf on

each side of the pedicle furrow. Dorsal valve transversely ovate; a narrow, short area and

a slight median ridge are indicated on a cast of the interior.

This shell is small. A large ventral valve measures, length, 7 mm. ; width, 6 mm. ; a dorsal

valve, length, 6 mm.; width, 6.5 mm.
Oiservations.—The characters of tliis little shell, as far as they are known, are those of

Oholella. In my original description I gave an erroneous interpretation to the cast of the

interior of the ventral valve. At that time I did not know much of the interior of Obolella,

and also considered the cast of the space beneath the area beside the pedicle groove as indicating

the existence of plates as in Pentamerus. In the absence of the shell or fine casts it is impossi-

ble to determine conclusively whether a foraminal tube existed, as in Oholella atlantica Walcott,

or not; one cast indicates that such was the case. The form and long area distinguish this

from other species of the genus.

Formation and locality.—lower Cambrian: (16f) Sandstone at the mouth of Little Antietam Creek, near

Eakles Mills; (47d)<i sandstones 1 niile (1.6 km.) east-southeast of Smithsburg; (47e) sandstone on Observatory Hill,

2 miles (3.2 km.) south of Keedysville; and (47f) sandstone at Eakles Mills, 2 miles (3.2 km.) south of Keedysville;

all in Washington County, Maryland.

(32) Sandstone on the south slope of Stissing Mountain, Dutchess County, New Yorh.

(49b) Sandstone 2 miles (3.2 km.) northwest of Emigsville, York County; (49c) sandstone in ridge just north of

the railway station in Emigsville, York County; (49d) sandstone 3 miles (4.8 km.) east of Waynesboro, Franklin

County; (49e) sandstone 1 mile (1.6 km.) south of Mount Zion Chm-ch, and 4 miles (6.4 km.) northeast of York, York
County; and (49f)'* sandstones of Mount Holly Gap, South Mountain, Cumberland Coimty; all in Pennsylvania.

(47a) Sandstone on the southwest side of Sailings Mountain, 2 miles (3.2 km.) east of Natm'al Bridge, Rockbridge
County, Virginia.

(47c) Sandstone 2 miles (3.2 km.) west of Harpers Ferry, Jefferson County, West Virginia.

Obolella mobergi Walcott.

Plate LV, figures 3, 3a-f.

? Obolus? sp. Kjerulf, 1873, Om Skuringsmserker, Glacialformationen, Terrasser, og Strandlinier, etc., 2: Sparagmit-
fjeldet, p. S3, figs. 10 and 11. (No text reference.)

Obolella mobergi Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 673-674. (Described and discussed as below as a

new species.)

General form ovate, with the ventral valve subacuminate and the dorsal valve obtusely sub-

acuminate; valves moderately convex; beak of the ventral valve slightly elevated above the

plane of the shell; beak of the dorsal valve curved down to the plane of the margin. Surface

of the shell marked by concentric lines and striae of growth, and in some examples by rather

strong, radiating; broken, and slightly irregular raised lines of the same character as those of

Bicia gemma (Billings). The shell is foi-med of a thin outer layer, and numerous inner layers or

lamellse over the anterior half of the shell. These imbricating inner lamellffi are oblique to the

outer layer, very much as in Oholella (Glijptias) favosa (Linnarsson).

A ventral valve 10 mm. in length has a wddth of 9 mm. A dorsal valve 9 mm. long has the

same width.

The area of the ventral valve is of medium length and tipped back from the edge of the

valve to meet the beak; it extends well out onto the cardinal slopes, and is divided midway by
a narrow furrow. The surface of the area is marked by rather strong transverse striaj crossing

the area. On each side of the base of tlie pedicle tube there is a rather strong undercut which
in the cast is replaced by a marked toothhke projection. The area of the dorsal valve is narrow.

The cast of the pedicle tube or foramen is large, cylindroconical, and encircled by a number of

rather strong lines of growth (PI. LV, fig. 3c).

The casts of the interior of the ventral valve show a central visceral area, very much like

that in 0. crassa (Hall); also two strongly marked vascular sinuses that extend well into the

a Doubtfully identified from this locality.
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middle of the valve. No clearly defined muscle scars are shown on any of the specimens.

Casts of the interior of the dorsal va,lve give little satisfactory data in relation to the muscle
scars. The cast illustrated bj" Plate LV, figure 3e, shows a part of the outline of the visceral

area, also the impression of the transmedian muscle scar.

Observations.—This species has been considered as the European representative of 0.

crassa (Hall), which occurs at the same relative stratigraphic horizon at Troy, New York.
The Swedish form differs specifically from the American in having a slightly more elongate

pedicle tube and in having the interior thickenings of the area more strongly developed. It

differs from 0. atlantica Walcott and 0. chromatica Billings in having a much more robust shell

and in many slight details.

Kjerulf [1873, p. 83, figs. 10 and 11] illustrates, without text reference, a form that appears

to be referable to this species. It is found in Locality 324, at Tomten, Norway, in association

with Holmia Jcjerulfi, Arionellus,

and Oholella (Glyptias) favosa.

The specific name was given

in honor of Dr. J. C. Moberg.

Formation and locality.—Lowei
Cambrian : (331v) Gray sandstone of the

Mesonacis torelli zone at Bjorkelunda,

south of Simrishamn, Province of Chria-

tianstad; and (321s) brown sandstone in-

terbedded in gray sandstone at Sularp,

near Lund, Province of Malmohus; both

in Sweden.

(8v) Shales and dark, calcareous,

ferruginous rock in the upper portion

of the Holmia Ijerulfi zone, Ringsaker;

and (324 [Kjerulf, 1873, pp. 73 and 88])

green shales with interbedded calcare-

ous sandstone at Tomten, in Ringsaker;

both in the Province of Hedemarken,

Norway.
FiGUBE 53.

—

Oholella vermilionenfsis n. sp. A, Cast of the interior of a Tentral valve, the type

specimen (X 2), from Locality 60b, Lower Cambrian sandstones in Vermilion Pass.Alherta,

Canada (U. S. Nat. Mus. Cat. No. 66600a). B, B', Top and back views of a dorsal valve

associated with the specimen represented in figure 53A (X 2) (U. S. Nat. Mus. Cat. No.

56606b). C, Ventral valve preserving its shape but from which all traces of shell sub-

stance have been removed (X 2). It is associated mth the specimens represented by

figures 53A and 53B (U. R. Nat. Mus. Cat. No. 5660Cc). D, Ventral valve from Locality

14p, Lower Cambrian sandstones near Resting Springs, California (U. S. Nat. Mus. Cat.

No. 51964a). E, Associated dorsal valve, Locality 14p ( U. S. Nat. Mus. Cat. No. Sigs-lb).

Obolella vermilionensis n. sp.

,

Text figures 53A-E.

This species is represented

bj^ numerous casts in a fine-

grained sandstone. General form

Shells fairly convex and viniformly larger than those of thesuborbicular, slightly transverse

other species of the genus.

The beak of the ventral valve is somewhat lower than the greatest elevation of the shell,

and does not reach the posterior margin. Both the beak and the area are, as a rule, poorly pre-

served, but the incurving of the growth lines to form the area is well shown in several specimens.

Interior casts of the ventral valve show traces of vascular sinuses.

The beak of the dorsal valve terminates at the posterior margin, but is raised slightly

above the plane of the margin of the shell.

Shell substance not preserved, but the casts show indications of both radial and concentric

striation.

Observations.—The representatives of this species occur in such widely separated parts of

the Rocky Mountain province as California and British Columbia, but the forms are identical

and are associated in each district with Holmia and OrtTiotlieca.

Obolella crassa approaches this species in the size of some of its specimens, but it is uni-

formly smaller and less convex. Obolella vermilionensis also differs from the former species in

its transverse outline. Further comparison is impossible because of the lack of knowledge as

to the interior of Obolella vermilionensis.
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Formation and locality.—Lower Cambrian: (60b) About 2,SOO feet {70Sm.) below the Mount Whyteformation and
200 to 300 feet (61 to 92 m.) above the Lake Louise shale, in the St. Piran sandstone [Walcott, 1908a, p. 4], at Vermilion Pass,

on the Continental Divide between British Columbia and Alberta, west-southwest of Castle, on the Canadian Pacific Railway,

Alberta, Canada.

(53) Saiidsf»nea in the lower portion of 3d of the Waucoba Springs section [Walcott, 1908f, pp. 187 and 188], 1 mile

(1.6 km.) east of the Saline Valley road about 2.5 miles (4 km.) east-northeast of Waucoba Springs; (312a) sandstones

of 3b of the Waucoba Springs section [Walcott, 1908f, p. 187], east of the Saline Valley road east of Waucoba Springs;

(14p) sandstone near Resting (Freshwater) Springs, which is in the southwest corner of T. 21 N., R. 8 E., on Amar-
gosa River; (8b) limestone in Tollgate Canyon, about 15 miles (24.2 km.) east of White Pine, White Mountain Range;
and (176) shales and interbedded limestones, between massive limestones carrying Archxocyathus, at the south end
of Deep Spring Valley; all in Inyo County, California.

Obolella wirrialpensis Etheridge.

Plate LV, figures 7, 7a-b.

Obolella wirrialpensis Etheridge, 1905, Trans. Roy. Soc. South Australia, vol. 29, p. 248, PI. XXV, figs. 2 and 3.

(Described and discussed as a new species. The specimen represented by fig. 2 is redrawn in this monograph,
PI. LV, fig. 7b.)

Obolella wirrialpensis calceoloides Etheridge, 1905, idem, p. 249, PI. XXV, figs. 4-6. (Characterized and discussed

as a new variety. The name placed at the head of the paragraph is "Obolella sp.," the term cafccotoiifgs being
applied to it in the text.)

The original description by Etheridge follows:

Valve (? pedicle) ovate to subquadrate, gently convex, rising dorsally into a small umbo; rounded ventrally and
without emargination; lateral angles rounded. Internal muscle scars hardly at all curved, diverging from one another,

extending far forward, and tapering to a fine point. Surface characters very marked and distinctive, consisting of a

series of clean-cut, flat, concentric steps, the "tread " of each step practically at right angles to its "riser; " no concen-

tric or radial striae of any kind

.

After a study of the type specimens of this species and several specimens that were worked
out of a block of the limestone received from Mr. Walter Howchin, of the University of Ade-
laide, I have concluded that the variety calceoloides is a narrow form of the species. There
are a number of intermediate forms which render it difficult to separate a distinct variety. The
species resembles Oholella crassa (Hall) in outline and convexity more than any other species

referred to the genus.

The specific name is derived from Wirrialpa, the type locality.

Formation and locality.—Lower? Cambrian: (316d [Etheridge, 1905, p. 248]) Limestone near Wirrialpa,

Flinders Range, South Australia.

^ Obolella ? sp. undt.

Obolella cf. atlantica Delgado, 1904, Communicagijes Commissao Servifo Geol. Portugal, tome 5, fasc. 2, p. 364, PI.

IV, fig. 35. (Described in French.)

This form, Delgado states [1904, p. 364], is represented by a single specimen, which he
compares with Obolella atlantica Walcott. The material is too poor to base a specific deter-

mination upon. The photograph of the cast of the interior of a small ventral valve 4.5 mm.
long and 6 mm. wide indicates that the specimen may be referred to this genus, but it may
belong to Treniatoholus, Botsfordia, or an allied genus.

The Obolella maculata referred to by Delgado [1904, p. 364] has in this monograph been

referred to AcrotJiele villaboimensis.

Formation and locality.—Lower Cambrian: (351 [Delgado, 1904, p. 364]) Shales at Monte de Valbom, to the

northeast of Villa Boim, Province of Alemtejo, Portugal.

G-LYPTIAS Walcott,a subgenus of OBOLELLA.

Obolella (Olyptias) Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 675. (Mentioned as below as a new subgenus.)

Obolella (Glyptias) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 145. (Classifi-

cation of subgenus.)

The subgenus Glyptias is based on the peculiar surface sculpture and the very short area.

Type.—Lingula (?) favosa Linnarsson.

" Prior to the definition of this subgenus the type species was described under Lingula f Linnarsson [1869a, p. 356; 1869b, p. 406].
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^ Obolella (Gltptias) favosa (Linnarsson).

Plate LV, figures 2, 2a-d.

Lingula (?) favosa Linnarsson, 1869, Ofversigt af K. svensk. Vet.-Akad. Forhandl. for 1863, vol. 26, No. 3, pp.

356-357. (Described and discussed in Swedish as a new species.)

Lingula (?) favosa Linnarsson, 1869, Geol. Mag., vol. 6, p. 406. (Translation of the preceding reference.)

f Disdnaf sp. Kjbrulf, 1873, Om Skuringsmarker, Glacialformationen, Terrasser, og Strandlinier, etc., 2:Sparagmit-

fjeldet, p. 83, figs. 12 and 13. (No text reference.)

Obolella {Glyptias) favosa (Linnarsson), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, pp. 675-676. (Described and

discussed essentially as below.)

General form ovate, with the ventral valve subacuminate and the dorsal valve obtusely

rounded; valves moderately convex. The dorsal valve is abruptly curved downward at the

beak to the plane of the edge of the shell, while the beak of the ventral valve is slightly above

the margin, the posterior edges of the shell curving up to meet it. Surface of the shell marked

by very fine concentric lines or strise of growth, crossed transversely by undulating, slightly

lamellose lines in almost identically the same manner as in Obolus ( Westonia) stoneanus (Wliit-

field) of the Upper Cambrian of Wisconsin (PI. XXVIII, fig. 2d). When the outer surface

of the shell is exfoliated or worn off by attrition, which is the usual condition, the surface

of the inner layers shows fine radiating and concentric striae. The shell is formed of a very

thin, highly ornamented outer layer and numerous inner layers or lamellae ; the latter over the

anterior portions are oblique to the outer layer, and when the shell is partly exfoliated they

appear as imbricating layers very much as in Obolus matinalis (Hall).

The largest ventral valve in the collection has a length of 7 mm. and a width of 6 mm.
An associated dorsal valve 6 mm. long has a width of 6.25 mm.

The area of the ventral valve is narrow and rises slightly to meet the beak, which is ele-

vated above the posterior margin. The pedicle tube or foramen is short and small, and, judging

from the appearance of the specimens where the beak of the valve is broken away, it opened

near the apex of the beak. On the dorsal valve there is no evidence of a true area except in

the presence of a narrow, thickened rim somewhat like that of the dorsal valve of Bicia gemma

(Billings). None of the muscle scars are shown in the ventral valve. The position of the

central and anterior lateral scars of the dorsal valve is indicated near the outline of the vis-

ceral cavity (PL LV, fig. 2c). Of the vascular markings, the main sinuses are clearly shown

in each valve, also the outline of the parietal scar. All that is known of them is well shown on

Plate LV.
Ohservations.—This beautiful little shell has remained without illustration since Linnarsson

[1869a, p. 356] gave it a name, based on the "singular sculpture" of the outer shell. In a

collection made for me by Mr. Schmalensee, a collector in the Geological Survey of Sweden,

there were several specimens showing casts of the interior more or less imperfectly. From
these I was able to ascertain that the shell has the generic characters of Obolella, although

differing from the typical species of that genus in the character of the surface ornamentation.

The outer surface has been seen only on the posterior umbonal portion of the valves in the

shells collected.

Kjerulf [1873, p. 83, figs. 12 and 13] illustrates, without text reference, a form that appears

to be referable to this species. It occurs in Locality 324 at Tomten, Norway, in association

with Obolella mobergi, Holmia Jcjerulfi, and Arionellus.

Formation and locality.—lower Cambrian: (309c) o "Fucoid sandstone" at Billingen, east of Skara; and (309d)

"fucoid sandstone" at Lugnds, 8 miles [12.8 km.) south-southeast of Mariestad; both [Linnarsson, 1869a, p. 357] in the

Province of Skaraborg, Sweden.

(324 [Kjerulf, 1873, pp. 73 and 83]) Green shales with interbedded calcareous sandstone at Tomten, in Ringsaker,

near Lake Mjosen, Province of Hedemarken, Norway.

a Specimens from this locality are included in the collections of the United States National Museum.
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Genus BOTSFOE.DIA Matthew, o

Obolus (Botsfordia) Matthew, 1891, Trans. Roy. Soc. Canada for 1890, 1st ser., vol. 8, sec. 4, No. 6, p. 148. (Merely

uses the term "Obolus (Botsfordia) pulcher" in the text.)

Obolus (Botsfordia) Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, sec. 4, No. 5, p. 63. (Merely

proposed as a new subgenus.)

Lingulella Hall and Clarke (in part), 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 232-233.

(The genus Lingulella is described, Lingulella davisi being given as the type, but Botsfordia cxlata is figured

as the generic illustration on PI. III.)

Lingulella Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 55-59. (The genus
Lingulella is described and discussed, but figures of Obolus (Westonia) ella accompany the text, and Botsfordia

cxlata is figured as the generic illustration on PI. II. Species belonging with other genera are also mentioned as

belonging to Lingulella.)

Mobergia Redlich, 1899, Mem. Geol. Survey India, Paleontologia Indica, new ser., vol. 1, No. 1, Cambrian Fauna
of the Eastern Salt Range, pp. 5-6. (The description of this new genus is incorporated with that of the new
species " Mobergia granulata.")

Botsfordia Matthew, Waloott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 145. (Classifi-

cation of genus.) ^

General form moderately convex, subcircular, with the ventral valve more or less obtusely

acuminate and the dorsal valve oval. Ventral valve with the beak (apex) close to the pos-

terior margin, perforated with a minute pedicle opening that is separated from the posterior

margin by a very short listrium; posterior margin arched above the plane of the side and
front margins of the valves. Dorsal valve with a minute beak at the margin.

Surface with concentric lines and ridges of growth and a more or less regular system of

tubercles resting upon concentric, rounded, regular or irregular, separate or inosculating

ridges; the tuberculated or granulated surface may cover the entire shell or only a portion

of it; the tubercles may be arranged in regular order, as in Botsfordia pulchra (Matthew) (PL
LXII), or irregularly, as in B. granulata (Redlich) (PI. LVII).

The shells are small, rarely exceeding a length of 12 mm. Substance corneous, or phos-
phate of lime and chitin.

Structure of shell lamellated, the inner lamellae being more or less oblique to the outer

layer.

Interior of ventral valve with a small visceral area not exceeding one-half the length of

the valve ; the pedicle opening is at the posterior end of the visceral area, where the shell usually

has its greatest thickness. Vascular sinuses strong, and well within the body of the valve.

Muscle scars arranged essentially as in Oholus; the transmedian and anterior lateral are close

to the main vascular sinus and well back toward the posterolateral part of the valve. So
far as known, the centrals and the middle and outside laterals are grouped on each side of the

front of the visceral area.

Interior of dorsal valve much like that of AcrotTiele, except that the transmedian muscle
scars are separable from the outside and middle lateral scars in one species, Botsfordia gran-

ulata (Redlich) ; otherwise they appear to be grouped within the cardinal muscle scar. Median
ridge long and prominent; main vascular sinuses well developed and well within the sides

of the valve ; visceral area in the adult usually not more than one-half the length of the valve

;

central and anterior lateral muscle scars near the center of the valve.

Tyj^e.—Oholus pulcher Matthew.

a The sjTionymy far this genus does not .t;ive a complete record of the various frenera under which the species now included in Botsfordia were
formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic
references are listed: _,

>

Oriicula Hall [1847, p. 290].

Braohiopode, nouv. gen. [de Vemeuiland Bar-

rande, 1860, p. 536].

Oioldla (,Orbkula) Ford [1871, p. 33],

Obolella Billings [1872a, p. 218].

Lingulella Walcott [1886b. p. 95; 18S7, p. 199].

lingulella? Matthew [1888, p. 28].

Obolus Matthew [1889, p. 306; 1890, p. 151].

Lingulella Walcott [1891a, p. 607].

Obolus? Hall and Clarke [1892e, pp. 81 and 183].

Obolus (Botsfordia) Matthew [1894, p. 90; 1896a,

p. 115].

Lingulella Matthew [1895a, p. 126].

Acrothele Pompeckj [1896b, p. 603].

Obolus (Lingulella) Walcott [1901, p. 688].

Obolus (Botsfordia) Matthew [1902c, p. 96].
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Matthew [1895a, PI. Ill] has given diagrammatic illustrations and elaborate descriptions

of a number of "embryonic" characters of Botsfordia pulchra. Prof. W. A. Parks, of the

University of Toronto, sent me (in July, 1906) all the material in the Matthew collection

representing this genus and species, but I was unable to recognize the originals from which

Matthew's drawings were made. It does not seem probable that his figures 2a, 2b, and 2c

represent a young shell of this genus, as it is represented with a high false area similar

to that of some species of Acroihele; the same is true of figure 2g. Of the other figures, Ik,

2k, and 2i appear to be the posterior portions of adult shells from which the anterior portions

have been broken away.

There are two slabs of rock in the Matthew collection upon which there are a number

of distorted and poorly preserved interiors of the valves, some of which may have been used

in constructing restorations of the interior characters.

Matthew [1891, p. 148] regarded Botsfordia as a subgenus of Oholus, as he did not dis-

cover that the ventral valve was perforated with a pedicle opening and that the dorsal valve

was much like that of Acroihele. Redlich [1899, pp. 5-6] proposed the genus Mohergia for a

generically similar species, therefore his name becomes a synonym of Botsfordia. Redlich

[1899, p. 6] compares Mohergia with Oholella, an observation that was based on keen appre-

ciation of the cleft or pedicle groove and the arrangement of the muscle scars in the ventral

valve; the dorsal valve he compared with that of Acroihele. He said [1899, p. 6]: "The agree-

ment goes so far that we may consider Oholella crassa [Walcott, 1886b, p. 114] and Acroihele

granulaia [Linnarsson, 1876, p. 24] as the extreme forms of Mohergia." The difference between

the ventral valves of Oholella crassa (Hall) and Botsfordia is that in the latter the pedicle groove

and area have disappeared and a narrow listrium takes the place of the area, the pedicle open-

ing passing through the shell, while in Oholella the pedicle opening is above a clearly defined

area. The dorsal valve of Botsfordia is more like that of Acroihele. The young shells of

Oholella may have been provided with a pedicle opening in the young stages of growth, much

like that in the adult stages of Botsfordia. Botsfordia appears to be a primitive form of Acro-

tretidse to the extent that the false area of the ventral valve is only a thin band between the

pedicle opening and the posterior margin, whereas in Acrotreta there is a well-developed false

area. Botsfordia appears to represent the first, or, at least, an early stage between the open

pedicle furrow of Oholus and the inclosed pedicle tube of Acroihele and Acrotreta. Botsfordia

differs from Acroihele by the form of its visceral area and position of the main vascular sinuses

in the ventral valve, also the position of the pedicle opening.

The cancellated surface of Botsfordia pulchra (Matthew) is sinailar to that of Micromitra

{Iphidella) pannula (White) (compare PI. LXII, figs. 5, 5a-c, with PI. IV, figs. Is, It). The

forms of surface in B. granulaia (Redlich) and B. cxlata (Hall) are often found in species of

Oholus {Westonia) and Lingulella {Lingulepis) (Pis. XLIV, XLVII). The surface of Acroihele

(RedlicheTla) granulaia (Linnarsson) (PI. LVI) is similar to that of Botsfordia granulaia (Redlich)

(PL LVII). In Schizopholis rugosa Waagen the false cardinal area is more developed than in

Botsfordia, and the apex is elevated. Schizopholis appears to be a form intermediate between

Botsfordia and Acrotreta. At present the species of Botsfordia known to me are B. pulchra

(Matthew), B. cselaia (Hall), B. granulaia (Redlich), and B.? harrandei Walcott.

Botsfordia? barrandei Walcott.

Plate LVII, figures 7, 7a-b.

BracMopode nouv. gen. de Veenetjil and Barrande, 1860, Bull. Soc. g6ol. France for 1859-1860, 2d ser., vol. 17,

pp. 536-537, PI. Vin, figs. 5, 5a-e. (Described and discussed in French as a new species. Figs. 5, 5a-b are

copied in this monograph, PI. LVII, figs. 7, 7a-b, respectively.)

Acrothele Pompeckj (in part), 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45, Hft. 8, p. 603. (Discussed in

German, changing generic reference; see p. 603 for translation.)

Botsfordia ? harrandei Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 77-78. (Discussion in the preced-

ing reference translated and species described and discussed as on p. 603 as a new species.)
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Of this species Pompeckj [1896b, p. 603] writes:

From Barrande's description and figure it is not quite easy to interpret this species. I have before me several

specimens of a brachiopod from Coulouma, in the Department of H6rault, which Miquel [1893,^ p. 9] mentioned as

"la Discina." I regard this south French form as belonging to the genus Acrothele, and believe that it is probably

identical with the species mentioned by de Verneuil, Barrande, and Barrois as occurring in Spain.

Having before me the specimens which Miquel collected, and which I have named Acrothele

hergeroni (PI. LVIII), I do not tliink they can be considered the same as the form described

by de Verneuil and Barrande. (Compare PL LVII, figs. 7, 7a-b with PI. LVIII, figs. 6, 6a-c.)

From Barrande's description and illustration the following note is written: The shell is

about as wide as long, suboval, with pointed beaks; valves moderately convex, with the ventral

a Httle more so than the dorsal. There is a small area on each valve, but no trace of a

triangular false deltidium. Beak of ventral valve with a minute pedicle opening. Surface

with fine, distinct, concentric strias. Substance of shell calcareous.

A shell 13 mm. in length has the same width, and the tliickness of the two valves united

is 5 mm.
Barrande thought that a new genus was indicated, but in the absence of interior characters

decided not to name the genus or species. The perforate ventral valve and area suggested

Siphonotreta to him, but the calcareous shell was opposed to it.

I have referred the shell to the genus Botsfordia provisionally and named it after Barrande,

whose memory all paleontologists take pleasure in recaUing.

The reference to Botsfordia is made on account of: (a) the subacuminate ventral valve

with minute pedicle opening above a false cardinal area unmarked by a false deltidium; (b)

the convex ventral and dorsal valve; (c) the tendency of Botsfordia pulchra Matthew to have
the substance of its rather thick shell replaced by calcareous matter.

I have attempted to secure specimens of this shell, but unsuccessfully. Until further

information can be secured the present reference will serve to indicate the probable relation-

ship of the species.

Formation and locality.—Middle Cambrian: (350 [de Verneuil and Barrande, 1860, p. 538]) Red limestone

of the Paradoxides zone, near Adrados, north of Sabero and Bonar, Cantabrian Mountains, Province of Leon, north-

western Spain.

Botsfordia c^lata (Hall).

Plate LIX, figures 1, la-q, 3, 3a-b.

Orbicula cselata Hall, 1847, Nat. Hist. New York, Paleontology, vol. 1, p. 290, PI. LXXIX, figs. 9a-c. (Described
and discussed as a new species.)

Obolella (Orbicula) cxlata (Hall), Ford, 1871, Am. Jour. Sci., 3d ser., vol. 2, p. 33. (Merely changes generic reference.)

Obolella cselata (Hall), Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 2, p. 218. (Merely changes generic

reference.)

lAngulella csdata (Hall), Ford, 1878, Am. Jour. Sci., 3d ser., vol. 15, pp. 127-128. (Described and discussed.)

Lingulella cxlata (Hall), Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 95, PI. VII, figs. 1, la-d. (Copies the
first paragraph of Hall, 1847, p. 290, copies Ford, 1878, pp. 127-128, and discusses species. The specimens
represented by figs, lb and Id are redrawn in this monograph, PI. LIX, figs. Ic and lo, respectively.)

Lingulella cselata (Hall), Walcott, 1887, Am. Jour. Sci., 3d ser., vol. 34, p. 199, PI. I, fig. 16, opposite p. 240. (The
description of the plate is on p. 199.)

Lingulella cselata (Hall), 'Walcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 607, PI. LXVII, figs. 1, la-e.

(Localities mentioned. Figs. 1, la-d are copied from Walcott, 1886b, PI. VII, figs. 1, la-d, respectively. Fig.

le is copied from Walcott, 1887, PI. I, fig. 16.)

Lingulella cselata (Hall), Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, PI. Ill,

figs. 1-4. (No text reference.)

Lingulella cselata (Hall), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 57 and 58,

PI. II, figs. 1^. (Mentioned in the text. Figs. 1-4 are copied from figs. 1^ of the preceding reference.)

Lingulella (?) coslata (Hall), Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, p. 126. (Specimens
from a new locality characterized and discussed.)

Obolus (Lingulella) bicensis Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 688. (Described and discussed as a

new species.)

General form elongate ovate and varying from broad oval to oval acuminate. Ventral
valve moderately convex with the longitudinal line nearly flat from a short distance in front of
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the apex nearly to the front margin in old shells ; in young shells it rises with a gentle slope from

the front margin to the umbo ; the posterior margin, including some distance along the cardinal

slopes, rises and arches gently above the plane of the edges of the front and sides of the valve,

which brings the apex or beak close to the posterior margin (PL LIX, fig. lb)
;
pedicle opening

small and at the point of the apex or beak.

Dorsal valve more broadly ovate in outline than the ventral, moderately convex, and rather

strongly arched toward the beak, which is marginal; the arching of the posterior portion of the

valve causes it to fit closely into the upward arching posterior margin of the ventral valve ; a

shallow median sinus of varying strength and width extends from the umbo toward the front

margin, where it usually disappears.

Surface highly ornamented by narrow, closely arranged, concentric, elevated, irregular, and

often inosculating lines, on which small round pustules are lined in such a manner as to give a

beaded effect to the surface. The width of the ridges and size of the pustules vary on shells

from the same locaUties and from different locaUties. Often the shells have been worn by attri-

tion so as to be almost smooth, the coarser striae and hues of growth alone remaining; in addi-

tion some shells have more or less numerous, rounded, depressed, radiating ridges, which may
be quite regular (PI. LIX, fig. Ih) or very irregular and discontinuous (PL LIX, fig. Ic) ; some

shells are without traces of the radiating ridges and others have only the faint outhnes of them.

The inner layers are usually shiny and marked by concentric hnes and striae, and numerous fine

radiating striae.

Shell substance corneous; shell rather tliin when young, increasing to a rather strong shell

in large specimens; it is built up of a rather tliin outer layer and several inner laj^ers or lamellae.

The largest ventral valve has a length of 10 mm., width of 8 mm., toward the anterior margin;

as this shell has been broken near the beak and also at the anterior margin, it probably had a

length of 12 to 13 mm.
The interior of the ventral valve shows strong main vascular sinuses, which originate near

the pedicle opening, and gradually separate as they extend forward into the valve; beyond the

center they curve sUghtly inward and terminate about the anterior fifth of the length of the

valve. A small visceral area extends a short distance forward between the main vascular

sinuses; it has a narrow depressed space across the front (PL LIX, fig. Ig) that indicates the

position of the central, outside lateral, and middle lateral scars; the furrow that extends from

near the center of the visceral area to the pedicle opening near the posterior margin is clearly

indicated on figure le; as the pedicle opening was at the extreme end and with only a very

narrow listrium between it and the posterior margin, the cast of it, or any trace of it, is very

difficult to find ; tliis is rendered doubly so by the thin posterior portion of the shell breaking off

both before being embedded in the sediment and when being worked out of the rock. There

may have been a narrow area, but it has not been seen, and nothing definite is known of the

muscle scars.

The interior of the dorsal valve shows a short narrow area, from which a rather broad, low,

median ridge extends forward beyond the center of the valve; a narrow septum is indicated

along the posterior portion of the ridge; strong main vascular sinuses originate beside the

median ridge at the back and diverge gradually as tliey extend into the valve; the position of

the central and lateral muscle scars appears to have been the same as in Oholus (PL LIX, fig. 1 1),

but they have not been clearly distinguished except one central scar (h) ; the cardinal muscle

scars are large and situated outside of the main vascular sinuses about their own length in

advance of the area.

Observations.—This species, Hke Botsfordia granulata (Redhch), is characterized by having

the pedicle aperture close to the posterior margin; it also has the same O&oks-like arrangement

of the visceral area, vascular sinuses, and muscle scars in the ventral valve; it differs in outline,

surface, and interior markings from B. granulata.

When studying the genus Lingulella in 1S98 I left Lingulella cselata (Hall) out of the list of

species of Lingulella [Walcott, 1898b, p. 393], as I was satisfied that it did not belong there, but
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it was not until the study of Botsfordia Matthew was taken up that a satisfactory generic

reference was established.

The shell appears to have been easily broken, as it is very difficult to obtain good specimens,

especially of the ventral valve. It was 10 years or more after I began collecting it before a

ventral valve was found showing the pedicle opening. In 1901 I described a young shell of this

species as Oholus {Lingulella) hicensis [Walcott, 1901, p. 688]. By comparison with other small

shells from the type locaHty at Troy, New York, I am satisfied that the Bic specimen is a young
shell of B. cselata.

Botsfordia csdata is widely distributed in the Lower Cambrian rocks of the St. Lawrence
River, Lake Champlain, and Hudson River valleys, and it is one of the oldest of the Cambrian
brachiopods of the Atlantic province of eastern North America.

At Troy, and in Wasliington County, New York, it is associated with the trilobites EUipto-

cepJiala asapTioides Emmons and Conocoryphe trilineata (Emmons) of the Lower Cambrian fauna,

and in the Georgia, Vermont, section it is 700 feet lower than Olenellus thomp$oni (Hall).

Formation and locality.—Middle Cambrian: (308e [Matthew, 1895a, p. 126]) Beds of Division Clbl of Matthew's

11895a, p. 108] Protolenus zone, on Hanford Brook, St. John County, New Brunswick.

Lower Cambrian: (2o) Limestone bowlders in conglomerate, on shore at east entrance to harbor at Bic; (8r)

limestone bowlders in a conglomerate in a cut on the Intercolonial Railway, 2 miles (3.2 km.) west of Bic railway

station; and (2p) limestone on south side of road a little west of Bic and half a mile (0.8 km.) west of the road leading

to the wharf; all in Rimouski County, Quebec, Canada.

(392c) At the Straits of Belleisle, Labrador.

(319j) Sandstone 50 feet (15 m.) above the base of the section west of Parker's quariy and about a mUe (1.6 km.)
irom the shore of Lake Champlain, in the township of Georgia, Franklin County, Vermont.

(29a) Limestone 1 mile (1.6 km.) below the New York Central Railroad depot at Schodack; (2b) limestone just

north of Beman Park, in the northeastern part of the city of Ti-oy, Troy quadrangle (U. S. Geol. Survey); (367i

[Hall, 1847, P- 290\) shales near Troy; and (27) even-bedded and conglomerate limestones on the ridge in the eastern

suburb of Troy, Troy quadrangle (U. S. Geol. Survey); all in Rensselaer County, New York.

(33) Limestone on the roadside near Rock Hill schoolhouse near North Greenwich, about 5 miles (8 km.) north-

northeast of Greenwich; (33b) limestone on M. C. Tefft's farm, 1.5 mUes (2.4 km.) east-southeast of North Greenwich,

about 5 mUes (8 km.) north-northeast of Greenwich; (36b) limestone near schoolhouse No. 12, near Greenwich;

(39a) limestone 0.25 ijiUe (0.4 km.) north of Easton Station, 3 mUes (4.8 km.) south of Greenwich; and (43a) limestone

1 mile (1.6 km.) east-northeast of Salem; all in the Cambridge quadrangle (U. S. Geol. Survey), Washington County,

New York.

(34a) Limestone 1 mile (1.6 km.) west of North Hebron, 5 mUes (8 km.) south-southwest of Granville; (38)

limestone 0.25 mUe (0.4 km.) north of John Hulett's farmhouse about 3 mUes (4.8 km.) west of South GranvUle and
4.5 miles (7.2 km.) southwest of Granville; and (38a) limestone 2 mUes (3.2 km.) south of North Granville, on the

road which turns south from the road running between that vUlage and TruthvUle, 4 miles (6.4 km.) west-northwest

of GranvUle; all in the Fort Ann quadrangle (U. S. Geol. Sm-vey), Washington Coimty, New York.

(38c) Shale at the slate quarries on the west side of the valley 1 mUe (1.6 km.) north of Middle GranvUle, Mettawee
quadrangle (U. S. Geol. Survey); (34) limestone on roadside a little west of the bridge over Poultney River at

Low Hampton, about 5 mUes (8 km.) east-northeast of Whitehall, Whitehall quadrangle (U. S. Geol. Survey);

(35) Limestones 1.5 mUes (2.4 km.) north of Bald Mountain and 3.5 mUes (5.6 km.) north-northwest of Greenwich,
SchuylervUle quadrangle (U. S. Geol. Survey); (35a) shaly limestone on the west slope of the summit of Bald Moun-
tain, 3 mUes (4.8 km.) north-northwest of Greenwich, SchuylervUle quadrangle (U. S. Geol. Survey); (338h) lime-

stone on the summit of Bald Mountain, about 2 miles (3.2 km.) northwest of Greenwich, SchuylervUle quadrangle

(U. S. Geol. Survey); and (39) limestone south of the Delaware and Hudson railroad track, on the road running south-

southwest from Low llampton, about 5 miles (8 km.) east-northeast of Whitehall, Whitehall quadrangle (U. S. Geol.

Survey); all in Washington County, New York.

Botsfordia granulata (Redlich).

Plate LVII, figures 4, 4a-r.

Mobergia granulata Redlich, 1899, Mem. Geol. Survey India, Paleontologia Indica, new ser., vol. 1, No. 1: The
Cambrian fauna of the Eastern Salt Range, pp. 5-6, PL I, figs. 11-18. (The description and discussion of this

new species is incorporated with that of the new genus "Mobergia.")

General form subcircular, with the ventral valve very obtusely acuminate, and the dorsal

-valve transversely more or less broadly oval. Ventral valve moderately convex with the
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longitudinal line nearly flat from the apex to beyond the center of the valve, where it slopes

gently to the anterior margin; on some shells the slope to the apex rises more abruptly and
there is a gentle slope from the umbo to the front margin; the posterior margin arches gently

upward from the plane of the edges of the front and sides of the valve. Apex directed back-

ward and perforated by a minute pedicle opening; it extends a little beyond the posterior

margin, and is separated from it by a narrow false area or rim of shell; on some shells an
elongate, more or less crescentiform tubercle occurs on each side of the apex, and just back of

them at the end of the depression between them the minute pedicle opening occurs, or there

may be a thickening of the shell back of the opening which results in a tubercle, as shown in

Plate LVII, figure 4d; in other shells there is simply a tliickened rim of shell about the front

and sides of the apex with the pedicle opening at the posterior section of it (PI. LVII, fig. 4c).

Dorsal valve moderately convex; it slopes rather abruptly from the umbo to the minute mar-

ginal beak and gently to the front ; a minute tubercle occurs on each side of the beak of perfect

specimens (PI. LVII, fig. 4b).

Surface marked by concentric fines of growth and low, rounded, more or less obscure

radiating ridges that occur on the anterolateral portions, or on the central part, or aU across

in front of the umbo and sides, or only as faint traces; in addition there is a system of fine undu-
lating, irregular, more or less inosculating, concentric ridges, upon which there are minute
rounded tubercles or granules that have no extended sj^stematic arrangement; on some shells

the granulated surface extends to the front margin and on others more or less of the front

portion of the valves is marked only by concentric lines and traces of the undulating ridges;

in some places the granules are arranged in diagonal lines that cross each other obfiquely, and
then the effect is a modified form of the surface of Botsfordia pulchra (Matthew).

The following are measurements of the valves

:

Dimensions of valves of Botsfordia granulata (Redlich).

Length. Width,
mm. mm.

Ventral 6.5 7.5

Ventral 6. 5 6. 5

Dorsal 4 5

Dorsal 4. 5 5

The specimens are embedded in a fine shale and are more or less flattened by compression.

The shells are built up of a tlun outer layer and several inner layers or lamellae shghtly

oblique to the outer surface. The sheU substance is corneous or, according to the author,

"phosphate of fime and chitine" [Redlich, 1899, p. 6].

The interior of the ventral valve is essentially the same as that of Botsfordia pulchra

(Matthew) and B. cselata (Hall) ; strong main vascular sinuses rise beside the median line close

to the posterior margin and gradually diverging, extend forward into the body of the valve

nearer to the median line than to the outer margins; the visceral area is about three-eighths

the length of the valve and it has a narrow median groove that terminates in a club-shaped

anterior end (PI. LVII, fig. 4g) that suggests the heart-shaped cavity of Oholus (PI. VII, figs.

1, 3, and 6). The position of the transmedian and anterior lateral muscle scars is shown close

beside the main vascular sinus; the central scars and outside and middle laterals can not be
separated but the space they occupy is indicated at c, Plate LVII, figure 4p. The cast of

the pedicle passage through the shell is shown in figure 4i.

The interior of the ventral valve is much like that of Acrothde coriacea Limiarsson. (Compare
PL LVII, fig. 4k, with PL LVI, fig. le.) There is a median ridge with the main vascular sinuses

starting out beside it near the posterior margin and gradually separating as they extend forward

into the valve about halfway between the margins of the valve and the median ridge; the

cardinal muscle scars are small and close to the median ridge, posterior margin, and main
vascular sinuses; the central muscle scars occur on the slope of the median ridge a little back
of the center of the valve, and the small anterior laterals close to the median line a little in

advance; in young shells the transmedian and middle and outside laterals are combined in
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one scar (cl, PL LVII, fig. 4k), but in a larger shell the transmedian scars are separated back of

the middle and outside lateral scars, which can not be distinguished as separate scars.

Observations.—Redlich [1899, p. 5] proposed the genus "Moiergia" for this species. This was
well done, but Matthew [1891, p. 148] had previously described Botsfordia. Botsfordia granu-

lata (Redlich) has the same type of interior in both valves as B. pulcJira (Matthew), and the

granulated surface is of the same general type except that it is more completely developed in

B. pulchra. There is a strong generic relation to Botsfordia csslata (Hall) but the specific differ-

ences are very decided.

Doctor Holland, director of the Geological Survey of India, kindly sent me the type speci-

mens of this species, and through the courtesy of Dr. Fritz Noetling, I obtained for the United
States National Museum a fine collection of this species from the Salt Range.

Formation and locality.—Middle Cambrian: (15r)<» Dark argillaceous shales, at Khussak, Salt Range, India.

Botsfordia ptjlchea (Matthew).

Plate LXII, figures 5, 5a-l.

Linguldla (?) cf. Lingulafavosa Linnarsson, Matthew, 1888, Canadian Rec. Sci., vol. 3, No. 1, pp. 28-29. (Mentioned.)

Oboliis pulcherMATTHE^\, 1889, idem, vol. 3, pp. 306-307, figs. 1-8, p. 306. (Described and discussed as a new species.)

Obolus pulcher Matthew
, 1890, Trans. Roy. Soc. Canada for 1889, Istser., vol. 7, sec. 4, No. 12, pp. 151-155, PI. VIII,

figs, la-m, 2a-l. (Description given by Matthew, 1889, pp. 306-307, copied, and species described and discussed

in great detail. Figs, la-c and 2a-c are copied from figs. 3-8, respectively, of the preceding reference.)

Oholus {Botsfordia) pulcher Matthew, 1891, idem for 1890, vol. 8, sec. 4, No. 6, p. 148. (Mentioned.)

Obolus (Botsfordia) pulcher Matthew, 1892, idem for 1891, vol. 9, sec. 4, No. 5, pp. 62-63. (Discussed, the new sub-

generic name being proposed on page 63.)

Obolus f pulcher Matthew, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 81, PI. IV k)

fig. 22. (Characterized, questioning generic reference.)

Obolus? pulcher Matthew, Hall and Clarke, 1892, idem, p. 183. (Characterized and discussed, copying Matthew's
notes, 1890, p. 154, on the stages of growth and development. Calls attention to resemblance of this species, in

growth stages, to Kutorgina.)

Obolus (Botsfordia) puk/jra Matthew, 1894, Trans. Roy. Soc. Canada for 1893, 1st ser., vol. 11, sec. 4, No. 8, pp. 90-91,

PL XVI, figs. 3 and 3b. (Described and discussed.)

Obolus (Botsfordia) pulchra Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, pp. 115-121, PI. Ill,

figs, la-i, Ik, 2a-g, 2i, and 2k (the missing figures are lacking in the reference; they have not been referred

elsewhere in this monograph). (With the exception of the note on the horizon in the first paragraph, the text is

copied from Matthew, 1890, pp. 151-155. Figs, la-i, 2a-g, and 2i are copied from Matthew, 1890, PI. VIII, figs,

la-i, 2a-g, and 2i, respectively. Figs. Ik and 2k are copied from Matthew, 1894, PI. XVI, figs. 3b and 3,

respectively.)

Obolus (Botsfordia) pulcher Mattsbw , 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 95, PL
I, figs. 7a-b. (Characterized and discussed.)

General outline subcircular; the ventral valve being obtusely acuminate and the dorsal

a little wider than long. Ventral valve gently convex, most elevated at or a little in front

of the apex; apex close to the posterior margin and pointed backward; there is a minute
pedicle aperture at the end of the apex. The posterior margin of the valve is arched upward
so as to leave only a narrow rim between the margin and the pedicle aperture. Dorsal valve

moderately convex, more arched toward the front in old shells, and in all shells it arches upward
at the posterior margin so as to fit closelj'' against the margin of the ventral valve.

Surface marked by concentric lines of growth that form imbricating ridges at irregular

intervals. In addition there is a reticulated surface formed by the presence on the rounded
concentric ridges of small tubercles that are rounded quadrilateral in outline and that

alternate on the adjacent ridges, so that each tubercle falls opposite the space between
the two tubercles in front; this results in rows of tubercles that are apparently arranged in

oblique rows extending from the posterolateral margin of the shell on each side obliquely

forward to the margin of the shell on the opposite side; the depressions between the tubercles

unite and serve to increase the appearance of an oblique reticulate, tuberculated surface ; the

tubercles are low at the back and high in front. The finely cancellated surface is usually on
the posterior half of the shell, the tubercles becoming scattered and often entirely absent over

a Specimens from the type locality were given to the United States National Museum and this number was assigned to them.
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the anterior and lateral portion of the valves. The interior layers and interior surface show

numerous fine, radiating striae, and there are also a few radiating lines on the anterior portion

of the adult shells.

The shell is built up of a thin outer layer and numerous inner layers or lamellae that are

oblique to the outer surface; the oblique layers on the front portion and sides of adult shells

terminate at the growth lines, so as to give an imbricated appearance to the surface. Shell

substance apparently corneous.

A large ventral valve has a length and breadth of 11.5 mm. A dorsal valve 10 mm. long

has a width of 12 mm. These proportions vary slightly in different shells.

The interior of the adult ventral valve is much like that of Botsfordia cselata (Hall). It

has a short visceral area between distinctly marked main vascular sinuses that originate one

on each side of the median line at the posterior margin, and gradually separate as they extend

forward into the valve; no distinct muscle scars have been seen in this valve. The interior

of the dorsal valve has a long central ridge extending well toward the front of the valve; at

about the center it shows a tendency to bifurcate; the main vascular sinuses originate at the

median line near the posterior margin and arch rapidly outward on each side and then obliquely

forward into the body of the valve; the muscle scars are represented by an elongate cardinal

scar on each side near the main vascular sinus, where it curves forward into the valve; also

one central muscle scar on each side of the median ridge a little back of the center of the valve.

Under the description of the genus Botsfordia I have referred (p. 602) to the description of

the interior of this species by Matthew. I have given above all I can observe on the specimens

in the Matthew collection now at the University of Toronto, also on the specimens in the col-

'lection of the United States National Museum.

Observations.—This species is so clearly distinct from Botsfordia cselata (Hall) and B. gran-

ulata (Redlich) that comparison is unnecessary. It agrees with both of the latter species in

having the perforated apex of the ventral valve separated from the posterior margin by a

narrow rim of shell, also in having a short visceral area and strong main vascular sinuses. The

dorsal valves are of the same general type.

Formation and locality.—Middle Cambrian: (2y) Sandstone about 25 feet (7.6 m.) above the Lower Cambrian,

on the southeast side of Catons Island; and (308d [Matthew, 1894, P- 1^1]) sandstones of Division Clb2-4 of Matthew's

section on Catons Island; both in Long Reach, St. John River, Kings County, New Brunswick.

Genus SCHIZOPHOLIS Waagen.

[nKiu, I divide; and ^>.ic, a scale.]

Schkopholis Waagen, 1885, Mem. Geol. Survey India, Paleontologia Indica, 13th eer.. Salt Range Fossils, vol. 1,

pt. 1, p. 752. (Described as a new genus.)

Schizopholis Waagen, Oehlbet, 1887, Manuel de conchyliologie, by Fischer, p. 1267. (Described in French, with

figures of S. rugosa.)

Schizopholis Waagen, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 248. (De-

scribed.)

Schizopholis Waagen, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 564. (Copy

of preceding reference.)

Schizopholis Waagen, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 94. (Copies original

description and discusses genus.)

Schizopholis Waagen, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 145. (Classi-

fication of genus.)

Revised generic description.—Ventral valve slightly conical with eccentric apex perforated

on the posterior side by a minute foramen. On the posterior slope beneath the apex there

is a slightly flattened false area across which the strise of growth of the shell appear. The

striee arch upward near the center and form a narrow false deltidium, very much as in the

genera AcrotJiele and Acrotreta. The pedicle opening occurs at the apex of the false deltidium

and penetrates the apex of the shell. Dorsal valve nearly fiat, umbo slightly elevated, beak

marginal.

Surface of shell marked by fine concentric lines and strise of growth, and irregular, inter-

rupted, slightly elevated, radiating ridges which give a rugose appearance to the surface. Shell

substance calcareocorneous. Shell built up of several layers or lamellae.
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Type.—ScMsopTiolis rugosa Waagen.
Ohservations.—The generic relations of this shell, as far as can now be determined, are

with Acroihele. With our present information it differs only in its more marked false del-

tidium.

The interior of a dorsal valve from the same bed of sandstone is tentatively referred to

this species (PI. I, fig. 4c). The area of the valve is narrow and not clearly defined; it appears

to be merged into a small projecting platform that extends in front into a strong median ridge;

at each side of the ridge the platform-like area overhangs a little so as to form a slight hollow

beneath; the median ridge extends nearly to the front margin of the shell, very much as in

the dorsal valve of Acrotreta sagittalis (Salter) (PL LXXI, fig. 3g).

My interpretation of this shell differs somewhat from that of Waagen [1885, p. 752].

This arises from his thinking that the false deltidium was an open fissure. On cleaning away
the dirt I find that there is a depressed triangular space and that the lines and stria3 of growth
cross the false area and the false deltidium; also that the foraminal opening is a simple cir-

cular aperture as in Acrothele.

ScHizoPHOLis ETJGOSA Waagen.

Plate I, figure 4c; Plate LXXXI, figures 1, la-c.

Sehizopholis rugosa Waagen, 1885, Mem. Geol. Survey India, Paleontologia Indica, 13th ser., Salt Range Fossils, vol.

1, pt. 1, pp. 753-754, PI. LXXXVI, figs. 2-A. (Described and discussed as a new species. The specimens rep-

resented by figs. 3 and 4 are redrawn in this monograph, PI. LXXXI, figs. Ic and 1, la-b, respectively.)

Sehizopholis rugosa Waagen, 1891, idem, vol. 4, pt. 2, PI. II, figs. 12-14. (No text reference. With the exception of

fig. 4c, which is not copied in 1891, figs. 13, 14, and 12 are copied from figs. 2^, .respectively, of the preceding

reference.)

Sehizopholis rugosa Waagen, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 248,

figs. 259 and 260. (No text reference. Figs. 259 and 260 are copied from Waagen, 1885, PL LXXXVI, figs.

4d and 4b, respectively.)

Sehizopholis rugosa Waagen, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 564,

figs. 259 and 260. (Copy of preceding reference.)

Sehizopholis rugosa Waagen, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 95, figs. 50

and 51. (Mentioned in discussion of genus Sehizopholis. Figs. 50 and 51 are copied from Waagen, 1885,

PL LXXXVI, figs. 4d and 4b, respectively.)

General form ovate. Ventral valve slightly convex, greatest elevation at the apex, which
is nearly above the posterior margin; apex minute and perforated by a circular opening. The
posterior side of the shell beneath the apex is slightly flattened so as to form a false area, divided

midway by a false deltidium formed by the arching of the lines and strise of growth; an angle

is formed at the point where the fines and strise arch upward, which gives form to the slight

depression, or the false deltidium. Dorsal valve nearly flat, except near the umbo, which is

slightly elevated, apex marginal, minute.

Surface marked by numerous concentric lines and strise of growth, and irregular, inter-

rupted, slightly elevated, radiating ridges that vary in size and direction on different shells.

The shell is thin on the edges, becoming thicker toward the umbonal portions by the addition

of thin layers or lamellse. The type specimen of the ventral valve has a length and width of

6 mm.
Observations.—This species is allied to Botsfordia cxlata (Hall). It differs in surface charac-

ters, general outline, and the presence of a false deltidium and area.

Formation and locality.—Middle Cambrian: (357c [Waagen, 1885, p. 754]) Lower portion of the "Neoholus

beds" of the Khussak group, in purplish-colored, fine-grained, micaceous sandstone, near the fresh-water springs in a

gorge above the salt mines at Kiura (Khewra), Salt Range, India.

Genus QUEBECIA Walcott."

Quebecia Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 320. (Mentioned as on p. 610 as a new genus.)

Quebeda Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 145. (Classification of genus.)

a The sjTionymy for ttiLs genus does not give a complete record of the various genera under which the species now included in Quebecia were
formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following generic

references are 1 isted

:

Obolella Billings [1872a, p. 219; 1372c, p. 357]. OboleUa Walcott [1886b, p. 118; lS91a, p. 611).

62667°—VOL 51, pt 1—12 39
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The description of the species includes that of the genus, as there is only one species now
known.

Type.—Oholella circe Billings.

The generic name is derived from the city of Quebec, near which the type species occurs.

y QuEBECiA CIRCE (Billiugs)

.

Plate CIV, figures 7, 7a-g.

Oholella circe Billings, 1872, Canadian Natiiralist, 2d ser., vol. 6, No. 2, pp. 219-220. (Described and discussed as a

new species.)

Oholella circe Billings, 1872, Am. Jour. Sci., 3d ser., vol. 3, pp. 357-358. (Copy of preceding reference.)

Oholella dree Billings, Walcott (in part), 1886, Bull. U. S. Geol. Survey No. 30, p. 118, PI. X, fig. 3a (not fig. 3).

(Original description, Billings, 1872a, pp. 219-220, copied. The specimen represented by fig, 3a is redrawn in

this monograph, PI. CIV, fig. 7e. Fig. 3 represents a specimen of Oholella chromatica.)

Oholella circe Billings, Walcott (in part), 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 611, PL LXXI, fig. 3a (not

fig. 3). (Mentioned. Fig. 3a is copied from Walcott, 1886b, PI. X, fig. 3a. Fig. 3 represents a specimen of

Oholella chromatica.)

Billingsella circe (Billings), Waicott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes generic reference.)

Quebeda circe (Billings), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 320-321. (Described and discussed essen-

tially as below.)

General form broad ovate, with front and sides uniformly rounded, planoconvex. Surface

marked by fine concentric strias of growth. A ventral valve 3.5 mm. in length has a width of

4.5 mm. A dorsal valve 4.5 mm. in length has the same width; a larger dorsal valve, 11 mm.
in length, has a width of 10.5 mm. Shell rather thick, and composed of calcite in its present

condition.

The ventral valve has an elevated umbo terminating in a sharp upward-pointing apex

that may be perforate; from the umbo the surface, in young shells, slopes so rapidly that the

central and outer portions of the shell are nearly flat, but in older shells moderately convex;

area short and divided midway by a relatively broad delthyrium that is nearly covered by a

convex deltidium; the inner surface is marked by fine, elevated, rather widely separated, radi-

ating strise and very fine punctse ; the very broad main vascular sinuses arch forward from a

point beneath the umbo and inclose a small, sUghtly elevated visceral area; a strong cardinal

tubercle occurs on each side of the pseudo-area (cl, PL CIV, figs. 7a and 7b) which was probably

the point of attachment of the cardinal muscle, i. e., transmedian and anterior laterals.

Dorsal valve gently convex in young shells, becoming strongly convex in old shells; no

traces of an area have been observed—if present it must have been short and very low, as the

beak is nearly at the plane of the margins of the shell ; casts of the interior show that the valve

was thickened beneath the umbo by a ridge that separated what may be called the umbonal

cavity from the main cavity of the valve. On the cast of an old shell a rounded, narrow, longi-

tudinal, median ridge divides the umbonal cavity; on each side of the cavity and beyond it

there is the strongly marked path of advance of the transmedian muscle scars; in front of the

transverse ridge two strong ridges that extend toward the center of the valve occupy the position

of the main vascular trunks ; in one specimen a narrow groove extends from the central muscle

scar along the inside margin of the ridge (PL CIV, fig. 7).

The muscle scars now known are the transmedians and centrals ; the former are situated

close to the margin of the valve, and the space assigned them may also include the posterior

laterals; the central scars are well indicated in several specimens, but no trace has been found

of the anterolaterals. The cardinal tubercle (cl) includes the space that was occupied by

the several points of attachment of the posterior muscle, i. e., transmedian, outside lateral,

and middle laterals; the cast of the tubercle is an elongate depression just inside the margin

of the shell.

Observations.—By incorrect interpretation, both Mr. Billings [1872a, p. 220] and myself

[1886b, p. 118] identified the dorsal valve of the species as the ventral, and I illustrated [1886b,

PL X, fig. 3] a dorsal valve of Oholella chromatica as the dorsal valve of "0. circe." When
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studying some material representing the species in the collections of the United States National

Museum I noticed the edge of a shell that, on working it free from the matrix, proved to be
a ventral valve; two dorsal valves occur on the same bit of rock. Subsequently Dr. J. F.

Whiteaves sent me a tablet from the collections of the Geological Survey of Canada, on which
six specimens were labeled "Obolella circe." No. 1 is a cast of the interior of the dorsal valve

of Obolella crassa (Hall), and No. 2 the exterior of the same species. Nos. 3 and 6 are ventral

valves of Quehecia circe, and Nos. 4 and 5 dorsal valves.

With the ventral valve identified, it appeared that the shell was not an Obolella, but the

type of an undescribed genus in which the ventral valve is elevated at the apex, with strong

cardinal tubercles for the attachment of the posterior muscle scars, very much as in Acro-

treta, and Quehecia was proposed. The cardinal tubercles and the presence of what appears to

be the base of the cast of a foraminal tube suggest that the ventral valve was perforate.

Obolella, Quehecia, and Yorkia are all strong, calcareous, perforate shells of the older Cambrian
fauna, and are evidently closely related.

Formation and locality.—Lower Cambrian: (3191 [Billings, 1872a, p. 220])°' Limestone bowlders in conglom-

erate at Trois Pistoles, on St. Lawrence River, below Quebec, Canada.

(392c [Billings, 1872a, p. 218]) at the Straits of Belleisle, Labrador.

FamUy SIPHONOTRETID^ Kutorga.

Genus YOBKIA Walcott.

Yorkia Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, p. 714. (Described and discussed as below as a new genus.)

Yorhia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 146. (Classification of genus.)

Shell inarticulate, subcircular to suborbicular in outUne. Apex of ventral valve perforate,

marginal, with a false area and apseudodeltidium. The cast of the interior of the valve shows
a foramen which penetrated obliqueh' upward and backward through the thick umbonal por-

tion of the shell. Two narrow furrows converge from the side of the pedicle opening toward
the longitudinal mesial depression and then diverge toward the anterolateral portions of the

shell.

The dorsal valve has a well-defined area and an obscure pseudodeltidium. The interior

of this valve has a pair of broad, diverging, shear-shaped furrows passing directly forward
from the beak for a short distance and then diverging to the outer margin, but not sufficiently

to affect the outward curve of the inner margin.

Shell substance probably calcareous. External surface marked with more or less promi-
nent concentric striae and lines of growth.

Type.— Yorkia wanneri Walcott.

Observations.—The area and pseudodeltidium of the ventral valve resemble the same
parts in Trematobolus insignis Matthew, but the pedicle opening is quite different, and gen-

erally the interior of the dorsal valves also serves to distinguish the forms. To Discinopsis

Matthew there is a resemblance in the markings of the interior of the dorsal valve. Disci-

nopsis, however, is founded upon a small, apparently corneous shell, which, so far as known,
has no area or pseudodeltidium, and it is closely related to Acroihele. Yorkia differs from
Acroihele in its pronounced area, substance of shell, and place of origin of vascular trunks.

I do not know of any other genus of the Siphonotretidse with which it can be compared.
The generic name is derived from York, Pennsylvania, near which the type species occurs.

Yorkia ? miqueli n. sp.

Plate LXXXII, figure 4.

This species is represented by specimens of the ventral valve, that are compressed in

arenaceous shale, and distorted dorsal valves. The ventral valve is small, 2 to 4 mm. in

diameter; subcircular to transversely oval in outline, with the highest point at the apex,

" Specimens from this locality are included in the collections of the United States National Museimi.
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which is truncated by a circular opening; posterior slope unknown. Surface, as preserved

in the arenaceous shale, marked by concentric striae and lines of growth and obscure, very

fine, radiating striae. The substance of the shell appears to be corneous, and to make up sev-

eral very thin lamellae that combined make a thin shell.

The generic reference is doubtful, owing to the corneous, shiny character of the shell.

This species and Yorkia? washingtonensis Walcott may belong to a new genus or a subgenus

of YorJcia.

The specific name is given in honor of Mr. J. Miquel, of Barroubio, France.

FoKMATioN AND LOCALITY.—Passage beds between Cambrian and Ordovician, or Lower Ordovician: (342a)

Barren quartzitic beds, Coulouma, Department of H^rault, France.

YORKIA? ORIENTALIS Walcott.

Plate LXXXII, figures 3, 3a.

Torhia? orientalis Walcott, 1906, Proc. U. S. Nat. Mus., vol. 30, pp. 569-570. (Described and discussed as below

as a new species.)

This species is represented by a single small ventral valve, which has the external char-

acteristics of Yorkia wanneri Walcott, of the Lower Cambrian. The outline of the valve is

transversely and broadly oval in outline exclusive of the apex rising above the posterior mar-

gin; the apex gives a subtriangular outline to the valve when looking down upon it; the apex

is moderately elevated and projects over the posterior margin; it is perforated by a rather

large aperture just above a small false area.

The surface of the valve is marked by low, rather broad, concentric undulations, a few

fine, concentric striae, and a very fine reticulate ornamentation formed by the crossing of

oblique, elevated, curved lines, which form shghtly elongate diamond-shaped pits between

them. Shell substance apparently calcareous. Width of ventral valve, 2.5 mm.; length, 2

mm. at aperture, 2.25 at apex; elevation, 0.5 to 0.75 mm.
Observations.—As far as may be determined by the exterior of the valve, this species is

properly referred to YorHa. The generic reference, however, will remain in doubt until

information is available as to the characters of the interior of the valve.

Formation and locality.—Middle Cambrian: (C71) Massive cli£f-forming limestone in the central portion of

Kichou formation [Willis and Blackwelder, 1907, pp. 139 and 145 (2d list of fossils)], 4 miles (6.4 km.) south-southwest

of Tungyu, Shansi, China.

Yorkia wanneri Walcott.

Plate LXXXII, figures 1, la-i.

Yorhia wanneri Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, p. 715, PL LX, figs. 1, la-e. (Described and dis-

cussed as below as a new species. The specimens represented by figs. 1, la-e are redrawn in this monograph,

PL LXXXII, figs, la, Ic, Ig, Ih, and li, respectively; figs, lb and Ic of the original reference (PI. LX) being

both drawn from the specimen represented in fig. Ig of PL LXXXII of this monograph.)

Shell subcircular to suborbicular in outline, moderately convex, with the apices of the

valves marginal. Ventral valve highest at the beak, which is truncated by a circular foraminal

opening; cardinal slope angular and slightly incurved, so as to form a narrow false area on

each side of the slightly convex, rather broad pseudodeltidium. Numerous casts show the

pseudodeltidium, false area, and a large filling or cast of the foramen which extended obliquely

backward through the thickened umbonal portion of the shell to the apex. On a cast of the

interior of the valve tliere are two elongated muscular or vascular (probably the latter) im-

pressions that extend from the anterolateral base of the foraminal opening inward nearly to

the median line, and then diagonally outward toward the anterior lateral margin of the shell.

There is also a slight median longitudinal ridge that corresponds to a depression in the inte-

rior of the shell (PI. LXXXII, figs, lb and Ic). In other casts striae or hnes only are shown
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radiating outward from the base of the foramen. Fine transverse strise cross the narrow area

and then incurve and cross the pseudodeltidium.

The dorsal valve has a well-defined area, with an obscure pseudodeltidium parting it mid-
way. The cast of the interior of the valve sliows two broad, shear-shaped divero-ino- rido-es

that extend from near the apex to the center of the shell. Numerous vascular markings extend
outward from the ridges. These ridges may indicate the muscular scars or merely the main
trunks of the vascular depressions. The surface of the area is marked by fine transverse strife

that abruptly incurve toward the front of the area, so as to follow along its anterior margin
to the pseudodeltidium.

The surfaces of both valves, as shown in the casts, are smooth, except where marked by
concentric lines of growth.

Shell substance unknown, but probably calcareous. It is dissolved away in all the speci-

mens in the collection, only the impression of the shell remaining in the decomposed arenaceous
limestone.

This species occurs in abundance, associated with Nisvsia festinata, Hyoliihes americanus,

and fragments of Olenellus.

The specific name was given in honor of Mr. Atreus Wanner.

Formation and locality.—Lower Cambrian: (49) Sandstone on Codorus Creeh 0.125 mile (0.2 km.) beloiu Meyer's

mill, near Emigsville; and (49a) sandstone on the Liverpool road, south of the schoolhouse, 3 miles (4.8 km.) northwest

of York; both in York County, Pennsylvania.

Specimens that are somewhat doubtfully referred to this species occur at the following

localities :

Lower Cambrian: (2o) Limestone bowlders in conglomerate, on shore at east entrance to harbor at Bic, Rimouski
County, Quebec.

(7) Shaly beds about 1,000 feet (305 m.) above the quartzitic beds, Silver Canyon, 'WTiite Mountain Range, Inyo
County, California.

YORKIA? WASHINGTONENSIS Walcott.

Plate LXXXII, figures 2, 2a.

Yorhiaf wasUngtonensis Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, pp. 715-716, PI. LX, fig. 3. (Described and
discussed as below as a new species. The specimen represented by fig.. 3 is redrawn in this monograph, PL
LXXXII, fig. 2.)

Ventral valve longitudinally ovate, depressed, convex. Area and pseudodeltidium invisi-

ble, but, from the character of the foramen and its resemblance to the foramen of Y. wanneri,

it is probable that the area was somewhat similar to the area of that species. The cast of

the interior of the ventral valve shows a rather long, large foramen, in advance of which two
ridges (vascular trunks) diverge somewhat as in the ventral valve of Y. v;anneri Walcott

(p. 612). There is also present a short longitudinal depression in the cast, which indicates

a corresponding mesial ridge just in advance of the foramen. The surface of the interior of the

shell is marked by fine concentric lines and very fine interior ridges. Shell substance appar-

ently corneous.

This species is founded upon two partial casts of the ventral valve, preserved in com-
pact gray limestone. The shell appears to be very tliin over the outer portions and thick

over the umbonal region.

The generic reference is somewhat doubtful. Oholella is suggested by the cast of the

pedicle tube, also Trematoholus. The pedicle tube and form of the vascular trunks suggest

YorMa, wliile tlie shell substance is more like that of Botsfordia.

The specific name is derived from Washington County, New York.

Formation and locality.—Lower Cambrian: (37b) Limestone 0.25 mile {0.4 hm.) east of Salem, Cambridge

quadrangle ( U. S. Geol. Survey), Washington County; (338n) western belt of conglomeratic limestone, Rensselaer

County; and (38a) limestone 2 miles (3.2 km.) south of North Granville, on the road which turns south from the road

running between that village and Truthville, 4 miles (6.4 km.) west-northwest of Granville, Fort Ann quadrangle

(U. S. Geol. Survey), Washington County; all in New York.
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Genus DEARBORNIA Walcott.

Dearbornia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 78. (Mentioned as below aa a new genus.)

Dearbornia Walcott, 1908, idem, vol. 53, No. 4, PL XI, and pp. 142 and 146. (Classification of genus.)

This genus is based on one species, which is well represented by fourteen specimens. The

generic description is incorporated with the description of the type species.

Type.—Dearhornia clarki Walcott.

The generic name is taken from Mount Dearborn, named after Gen. Henry Dearborn,

near which the type specimens were collected.

,

Dearbornia clarki Walcott.

Plate LXXXII, figures 7, 7a-d.

Dearbornia clarki Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 78-80, PI. VIII, fig. 7. (Described and

discussed as below as a new species. Fig. 7 is copied in this monograph, PI. LXXXII, fig. 7.)

Shell subequivalye, subcircular in outline, slightly convex. Ventral valve most elevated

at the pedicle aperture, which is circular, rather large, and situated from one-fifth to one-sixth

the length of the valve from the posterior margin; the slope back of the foramen is gently

rounded and without a trace of false area or pedicle groove; the position of the beak is not clearly

defined, as the margin is rounded and the uniform slope of the outer surface is unbroken. Dorsal

valve uniformly and slightly convex; the position of the beak is indicated by a shght projection

of the outline of the valve.

Surface marked by fine concentric lines. The substance of the shell is calcareous in an

oolitic limestone in which semiphosphatic shells of Oholus are preserved. The shell is thick and

apparently formed of one layer, but this is probably, as in the case of the shells of Oholella

crassa (Hall), a condition of preservation, the original layers or lamella? having been replaced or

else cemented together. The average size of the valves is from 3 to 5 mm.
The interior of the ventral valve does not show a true area; there is a space between the

margin and the end of the median furrow, into which the foramen opens. The median furrow

is rather broad and deepest at the foramen; it extends forward beyond the center of the valve;

the furrow into which the foramen opens is broadest at the posterior end, and runs out to a

point a little in advance of the opening; from each side of the furrow and opposite the opening a

furrow extends obhquely outward and then forward subparallel to the median furrow. Two

large, oval muscle scars occur in the space between the outer fiuTOw and the posterolateral

margin of the shell; these scars correspond in position to the transmedian and anterior lateral

muscle scars of Oholus and Trematoholus. Nothing is clearly shown of the position of the main

vascular canals unless the grooves outside of the median depression indicate their position, or

it may be that they were on the narrow ridges outside of the side furrows and inside of the

lateral muscle scars.

The interior of the dorsal valve shows a rudimentary area much like that of Rustella edsoni

Walcott (PI. I, fig. Ic) ; the area is a smooth space, with a slightly defined central depression

from which a narrow, low median septum extends forward to about the center of the valve; a

narrow ridge extends forward from the posterior central depression on each side at about the

inner third of the distance between the median septum and the outer margin; these ridges

probably marked the position of the main vascular sinuses. The central muscle scars (h)

occur in the shallow depression on each side of the median septum, a little back of the trans-

verse center of the valve, and the transmedian scars and outside laterals are just outside of

the narrow ridges on each side of the valve; these scars, like those in the ventral valve, are

large for so small a shell.

Observations.—Dearbornia clarTci is one of the simple or rudimentary forms of Siphono-

tretidae. It differs from Siphonotreta in the absence of an area and a siphonal or pedicle tube,

in having the pedicle opening on the umbo in advance of the beak, and in its calcareous shell.

The circular pedicle aperture ^¥ithout an exterior furrow, the absence of a well-defined area on

the ventral valve, and its calcareous shell distinguish it from Trematobolus and ScJiizambon.

The form and position of the pedicle opening suggest Discinopsis, but the interiors of the valves
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are very dissimilar in the two genera. It may be that with the discovery of good exteriors of

the ventral valve of Trematobolus excelsis Walcott that species will be found to have a circular

pedicle opening of the same character as that of Dearhornia clarTci, but from the similarity of

the cast of the interior of the ventral valve of the former species to that of Trematobolus Jcem-

panum (Matthew) it is referred to Trematobolus.

The specific name is given in recognition of Dr. William B. Clark's work on the paleontology

of Maryland.

Formation and locality.—Middle Cambrian: (9k) Limestone forming Ic of the Dearborn River section [Wal-

cott, 1908f, p. 201], on North Fork of Dearborn River, in the eastern part of the Lewis and Clark National Forest,

Lewis and Clark County, Montana.

Genus TREMATOBOLtTS Matthew.^

[zpfiiia, perforation; and Obolus.]

Trematobolus Matthew, 1893, Canadian Rec. Sci., vol. 5, pp. 276-279. (The species Trematobolus insignis is described
and discussed, the description of the new genus and notes on its position being incorporated.)

Trematobolus Matthew, Hall and Clarke, 1892,6 Eleventh Ann. Rept. State Geologist New York for 1891, p. 252.

(Described.)

Trematobolus Matthew, Hall and Clarke, 1892,6 Forty-fifth Ann. Rept. New York State Museum for 1891, p. 568.

(Copy of preceding reference.)

Trematobolus Matthew, 1894, Trans. Roy. Soc. Canada for 1893, 1st ser., vol. 11, sec. 4, No. 8, pp. 88-90. (Except
for the last paragraph, this is a copy of Matthew, 1893a, pp. 276-279.)

Trematobolus Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, pp. 122-125. (A copy of the preceding
reference.)

Protosiphon Matthew, 1897, Geol. Mag., new ser., dec. 4, vol. 4, pp. 68-69. (Described and discussed as a new genus.)
Protosiphon Matthew, 1898, Trans. Roy. Soc. Canada for 1898, 2d ser., vol. 4, sec. 4, No. 2, pp. 129-130. (Described

and discussed.)

Trematobolus Matthew, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 146. (Classi-

fication of genus.)

Shell rather thick, subcircular or oval in outliae, biconvex; valves inarticulate. Ventral
valve with the beak at or very near the posterior margin. Pedicle opening in front of the
beak, at the anterior end of an elongate external groove that begins at the beak and broadens
out to the foramen, which is a simple opening through the thick shell; the elongate depression
and the opening through the shell are marked by strong hnes of sheU growth. Dorsal valve
usually more convex than the ventral ; beak marginal.

Shell built up of several layers or lamellse that appear to be calcareocorneous, as the
result of the replacement in part of the original shell. Cardinal area of the ventral valve short;

it rises from the plane of the margins of the valves at angles rarying from 25° to 85° • it

varies in width and outline with the configuration of the valve. Area of dorsal valve nearly
on the plane of the margins of the valves or rising at angles as high as 15°. The area
of the ventral valve is divided midway by a distinct furrow that varies greatly in width
and depth; in some specimens it is little more than a faintly impressed line (PI. LXXXIII
fig. Ig) and in others it is an elongate triangular furrow (PI. LXXXIII, fig. li) ; in some speci-

mens the inner angle of the area next to the median furrow projects forward so as to form a
toothlike knob, which, in the cast, is shown by a deep, sharp indentation on each side of the
cast of the median furrow. These knobs are the teeth described by Matthew [1893a, p. 277].
They correspond to similar projections in Obolella (PI. LV, figs, le. If, 3c), and Bicia gemma
(PI. L, figs. li-k). The area of the dorsal valve is narrow and divided by a central, slightly

depressed triangular space; the areas of both valves are crossed by strong, sharp, transverse
striae of growth that pass uninterruptedly across the median furrow.

There are no traces of the foraminal groove on the interior of the ventral valve ; it is

entirely withm the substance of the shell and did not form a ridge on the inside of the shell.

A cast of the groove is shown in Plate LXXXIII, figure lo.

The splanchnocoele of the ventral valve is back of the center, wliile in the dorsal valve
it extends to the center; a median depression extends nearly to the front of the splanclmoccele
of the ventral valve into which the foramen opens at about the posterior two-fifths of the

a The synonymy for this genus includes only those references in which the genus is discussed or described. To complete the record Obolm
Matthew [1895a, p. 121; 1902c, p. 96] should be listed.

!> This date (1892) is taken from the title-page and is used throughout this monograph, but the work is clearly antedated, the correct date being
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length of the depression; traces of a median septum occur in the dorsal valve. The grooves

of the main vascular canals begin in each valve at the front margin of the area and arch out-

ward and forward, and then, after passing the center of the valve, curve gently inward, termi-

nating toward the front of the valve; only traces of the secondary radial canals have been

observed. The course of the parietal scar in each valve is probably much like that of Oholus.

The muscle scars, as far as known, are essentially the same as those of Oholus. In the ventral

valve the transmedian (i) and anterior laterals (j) occur just outside of the line of the main
vascular canals. The position of the outside (1) and middle (k) laterals and central (h) scars

is within the areas (c) on each side of the anterior termination of the median depression. In

the dorsal valve the centrals (h) and anterior laterals (j) are clearly defined, and the position

of the transmedian (i) and outside laterals (1) is indicated. The umbonal scars are small and

are situated in the ventral valve close to the sides of the anterior end of the furrow in the

area; they have not been recognized in the dorsal valve. Pedicle muscle scars unloiown.

Type.— Trematoholus insignis Matthew.

Ohservations.—The above description is quite urdike that given of this genus by Matthew
[1893a, p. 276]. It is dra-KTi up from specimens of Trematoholus insignis, lent to me, first by
Dr. Matthew, and later by Prof. W. A. Parks of the University of Toronto, and a fine series of

specimens collected by Mr. S. Ward Loper for the United States National Museum at the type

locality. I find that the specimen illustrated and described by Matthew [1893a, p. 276, fig. la]

as the interior of the ventral valve is a natural cast of the exterior of a ventral valve, preserv-

ing the cast of the area and the elongate depression formed by the advance of the pedicle

opening, and that his dorsal valve (lb) is the cast of the interior of a ventral valve. The type

specimen of Matthew's ventral valve [1893a, p. 276, fig. la] is illustrated by Plate LXXXIV,
figure 5b, and the cast of it by figure 5c. The muscle scars illustrated by Matthew are slight

irregularities that existed on the outer surface of the shell, along the stronger lines of growth.

The type specimen of Matthew's dorsal valve [1893a, p. 276, fig. lb] is illustrated by Plate

LXXXIV, figure 5; it should be compared with the casts of the interior of the ventral valve

of Trematoholus Tcempanum (Matthew) as shown by Plate LXXXIII, figures Ic and Id.

The generic relations of Trematoholus insignis Matthew and T. Jcempanum, the type of

the genus Protosiphon Matthew [1897a, p. 68], may be seen by comparing Plate LXXXIII,
figure 1, with Plate LXXXIV, figure 5c, and Plate LXXXIV, figures 5 and 5a, with Plate

LXXXIII, figures Id and Ij. They appear to be generically the same. The specimens of

Trematoholus insignis Matthew and Protosiphon pristinu^ (see Trematoholus pristinus (Matthew))

came from the same stratum of rock and the same locality, and, with the correct understanding

of the valves of the type specimens of T. insignis, they may be closely compared, as is done

under the description of T. insignis.

Trematoholus is closely related to Schizamhon. The ventral valve in both genera has an

oval pedicle opening in firont of the beak at the anterior end of an external groove, tapering

toward the beak; it is the progressive track of the pedicle aperture, and strong, arched lines

indicate its successive positions in diff'erent stages of growth. (See PI. LXXXIII, fig. lo,

which is a cast of the groove and opening in a tliick shell.)

In Siphonotreta the pedicle opening is in front of the beak, but it does not advance with

the growth of the shell as in Schizamhon and Trematoholus. The surface of Schizamhon is

spinose while that of Trematoholus is nearly smooth. The shells of the latter are thick and

the former relatively thin. The muscle scars, as far as known, are essentially the same in

the two genera.

It is interesting to note that, with the exception of the pedicle groove and opening, Trema-

toholus and Oholella are closely related.

The species now referred to the genus Trematoholus are: T. insignis Matthew, T. pristinus

(Matthew), T. Icempanum (Matthew), and T. excelsis Walcott.

T. excelsis occurs in the Lower Cambrian of eastern central California. It is one of the

oldest of the Cambrian brachiopods. The three species from New Brunswick are from near

the base of the Middle Cambrian.
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^_, Teematobolus excelsis Walcott.

Plate LXXXII, figures 8, 8a-b.

Treimtoholus excelsis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 80-81, PL VIII, fig. 8. (Described

and discussed as below as a new species. Fig. 8 is copied in this monograph, PL LXXXII, fig. 8.)

Shell transversely oval in outline, with both valves obtusely aciimuiate. .Ventral valve

strongly convex, with the minute beak at the posterior margin above a low area; the slope

from the highest point of the valve, a little back of the center, is greatest toward the beak

and nearly uniform to the front and sides of the valve. Pedicle opening unknown, as no
exterior or cast of the exterior of the valve occurs in the material collected; two casts of the

interior show the cast of the foramen at about the same position as in T. msigrms Matthew and
other species of the genus. Dorsal valve shghtly more transverse than the ventral and about

two-thirds as convex; a very slight median flattening occurs at the anterior margin that extends

back on the valve, nearly to the beak in some specimens; otherwise the convexity is distributed

as in the ventral valve.

Surface marked by a few concentric lines of growth. The shell is rather thin, except

over the umbonal and posterior portions of the ventral valve, where it is moderately thick.

Its substance is now calcareous, and appears like that of T. insignis; the original shell may
have been calcareocorneous. A ventral valve 18 mm. in length has the same width; a large

dorsal valve 22 mm. long has a width of 27 mm.
The area of the ventral valve is short and divided midway by a depressed subtriangular

false pedicle furrow; the presence of pits on each side of the anterolateral margins of the

false pedicle furrow indicates that the area at these places projected m the same manner as

that of T. insignis Matthew and T. Icempanum (llatthew). (Compare PL LXXXII, fig. 8,

with PI. LXXXIII, fig. Ic, and with PL LXXXIV, fig. 5.) The cast of the interior of the

ventral valve shows a median ridge with the cast of the pedicle opening at about the posterior

sixth of the length of the valve; only the imperfect outlines of the splanclmoccsle are known;
the main vascular sinuses are outhned for a short distance back of the transverse center suffi-

ciently to indicate that their position was about the same as in T. Jcem/panum. The position

of the anterior lateral (j) muscle scar is clearly shown just outside of the main vasctdar sinuses;

it is elongate oval in outline and a little in advance of the transmedian scar (i) ; the umbonal
muscle scars are close to the median furrow, as in T. Jcempanum.

Interior of dorsal valve unknown.
Observations.—This fine species differs from all other laiown species of the genus in having

the ventral valve more convex than the dorsal and in its greater size. It is the oldest species

of the genus, occurring as it does well down in the section of the Lower Cambrian strata, in

association with Olenellus. There are a large number of specimens of the exterior of the

dorsal valve, but only two interior casts of the ventral valve. The dorsal valve of T. pristinus

(Matthew) and T. Icempanum (Matthew) also greatly outnumbers the ventral valve in the

collections. This circumstance may be owing to the presence of the foraminal furrow and
interior median furrows; these would cause the shell of the ventral valve to break more readily

than that of the dorsal.

Formation AND LOCALITY.

—

Lower Cambrian : (53) Sandstones in the lower portion of Sd of the Waucoba Springs

section; (312) sandstones of 3d of the Waucoba Springs section; and (312a) shales of 3b of the Waucoba Springs section;

all east of the Saline Valley road, east of Waucoba Springs [see Walcott, 1908f, p. 187, for position in section], Inyo
County, California.

(176 and 178a) Shales and interbedded limestones between massive limestones containing Arehxocyathus at

the south end of Deep Spring Valley; and (176a) sandstone on ridge east of the head of Mazouka Canyon, Inyo Range;
both in Inyo County, California.

Teematobolus insignis Matthew.

Plate LXXXIV, figures 5, 5a-e.

Trematoholus insignis Matthew, 1893, Canadian Rec. Sci., vol. 5, pp. 276-279, figs, la-d, p. 276. (Described and
discussed as a new species. The specimens represented by figs, la and lb are redrawn in this monograph, PL
LXXXIV, figs. 5b and 5, respectively. Figs. 5c and 5a of this monograph are drawn from casts of the typical

specimens, Matthew, 1893a, figs, la and lb, respectively.)
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Trematoholus insignis Matthew, Hall and Clarke, 1892, « Eleventh Ann. Kept. State Geologist New York for 1891,

p. 252, fig. 263. (No text reference. Figs. 263 (la-d) are copied from Matthew, 1893a, figs, la-d, respectively,

p. 276.)

Trematoholus iiisignis Matthew, Hall and Clarke, 1892,« Forty-fifth Ann. Kept. New York St^te Museum for 1891,

p. 568, fig. 263. (Copy of preceding reference.)

Trematoholus insignis Matthew, 1894, Trans. Roy. Soc. Canada for 1893, 1st ser., vol. 11, sec. 4, No. 8, pp. 88-90,

PL XVI, figs. 4a-d. (Except for the last paragraph, this is a copy of Matthew, 1893a, pp. 276-279. Figs. 4a-d

are copied from Matthew, 1893a, figs, la-d, respectively, p. 276.)

Trematoholus insignis Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, pp. 122-125, PI. IV, figs. 2a-d.

(Text and figures copied from preceding reference.)

Trematoholus insignis Matthew, 1895, Bull. Nat. Hist. Soc. New Brunswick, vol. 3, No. 13, p. 95, figs. la-d. (No

text reference. Figs, la-d are copied from Matthew, 1895a, PI. IV, figs. 2a-d, respectively.)

Trematoholus insignia Matthew, 1898, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 1, No. 16, p. 35, figs. la-d.

(No text reference. Figs, la-d are copied from Matthew, 1895a, PI. IV, figs. 2a-d, respectively.)

Shell subcircular in outline, biconvex, valves inarticulate. Ventral valve gently convex,

with the minute beak at the posterior margin, and above a low area. Pedicle opening a rather

large, simple, oval opening at the anterior end of a furrow that gradually narrows toward the

beak, where it terminates; from the lines of growth in the furrow indicating progressive stages

of the advance of the foramen it is evident that Ihe foramen began at or just in advance of the

beak, and advanced with the growth of the shell in the same manner as the foramen of Schizam-

lon (PI. LXXXIV, fig. 1) ; the length of the foraminal furrow varies from one-third to two-

fifths of the length of the valve.

The substance of the original shell appears to have been entirely removed by solution and

replaced by the limestone. The closely related species T. Tcempanum (Matthew) has a calcareo-

corneous shell. That the shell was strong is indicated by the depth of the vascular markings

and muscle scars. The outer surface is marked by a few concentric lines of growth. The type

specimen is 9 mm. in diameter.

The area of the valve is short and divided midway by a depressed, narrow, subtriangular

space, bounded by narrow, slightly elevated ridges that originate just beneath the beak and

diverge a little toward the margin of the area, where they unite with the margin and extend

forward so as to form two short projections, one on each side of the pseudopedicle furrow on the

area; the area slopes forward from the beak at an angle of about 15°; it is marked by rather

strong transverse lines of growth.

There are no traces of the posterior portion of the foraminal furrow on the interior of the

valve; it is entirely within the substance of the shell. The splanclinocoele extends to about

the center of the valve; in front of the area a low, broad swelling begins that extends forward

beyond the foraminal openmg, where it divides so as to leave a short depressed space, and

within, a narrow median ridge; on each side and in front of the line of the pedicle opening there

are the obscure outlines of the spaces occupied by the scars of the points of attachment of the

central, middle lateral, and outside lateral muscles, very much as in Oholus (PI. VII) ; these

muscle-bearing spaces are finely shown in T. Icempanum (Matthew) and T. pristinus (Matthew)

(PI. LXXXIII, figs. Id, Ij, 2c). The sinuses of the main vascular canals are broad and strong;

they start near the front margin of the area near the median line and extend outward and forward

subparallel to the outer margin of the valve to about the transverse median line, beyond wliich,

owing to the broken specimen, they have not been traced. The umbonal muscle scars occur

on each side of the median line just beneath the projections of the area beside the false pedicle

furrow; they are small and located on a low ridge. The transmedian and anterior lateral mus-

cle scars are elongate oval in outhne, close to the outer margin of the main vascular sinus, and

placed on a rounded, low ridge; the transmedian scar extends a little outside of the anterior

lateral scar at its anterior end; as already stated, the central scars and the middle and out-

side lateral scars probably occurred in the spaces on each side of the anterior end of the low

median ridge.

oThis date (1892) is taken from the title-page and is used througtiout this monograph, but the work is clearly antedated, the correct

date being 1893 or 1894.
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The opening of the foramen in the interior of the valve is on the low median ridge at a point

three-fifths of the distance from the area to the anterior end of the median line of the splanch-

noccsle (visceral area).

Dorsal valve unknown.
Oiservations.—This species is known only by the type specimens of Matthew. These

include a matrix of the ventral valve, represented by Plate LXXXIV, figure 5b, a cast of the

interior of a broken ventral valve, figure 5, a fragment of the exterior of a ventral valve showing

the foraminal furrow, and a fragment of the cast of the outer surface. As stated under the

description of the genus, Matthew [1893a, p. 276] mistook the matrix of the ventral valve for

the interior of a ventral valve, and the cast of the interior of a ventral valve for a dorsal

valve. The true relations of the specimens are readily seen by comparing them with the speci-

mens of closely allied species on Plate LXXXIII."
The type material was collected from a layer of rock that is identical with, or is nearly at

the same horizon as, a layer at the same locality carrying numerous specimens of Trematoholus

pristinus {=Protosi'phon pristinus Matthew). I would consider the latter a synonym were it

not for the position and size of the vascular sinuses in the ventral valve, which are located well

out toward the oxiter margin (compare PI. LXXXIV, fig. 5, with PI. LXXXIII, fig. 2c), while

in T. pristinus they are much nearer the median line of the valve. The interior of the ventral

valve of T. insignis is more like that of T. Tcempanum (Matthew). (Compare PI. LXXXIV,
fig. 5, with PI. LXXXIII, figs. Ic, li.) Until a larger series of specimens representing T. insignis

is collected the diagnosis of the genus must depend largely upon the material representing T.

Tcempanum.

Formation and locality.—Middle Cambrian: (301 [Matthew, 1895a, p. 123]) Sandstones of Division lb2 of

Matthew, on Hanford Brook, St. John County, New Brunswick, Canada.

Trematobolus kbmpanum (Matthew).

Plate LXXXIII, figures 1, la-o.

Protosiphon hempanum Matthew, 1897, Geol. Mag., new ser., dec. 4, vol. 4, pp. 70-71, figs. 1-4, p. 70. (Described

and discussed as a new species.)

Protosiphon hempanum Matthew, 1898, Trans. Roy. Soc. Canada for 1898, 2d ser., vol. 4, sec. 4, No. 2, p. 131, PI. I,

figs. la-f. (Text is almost an exact copy of the preceding reference. Figs, la-d are copied from figs. 2, 1, 3,

and 4, respectively, of the preceding reference.)

General form subcircular to rounded ovate, biconvex, with the dorsal valve about one-

third more convex than the ventral; outline of ventral valve obtusely acuminate and dorsal

valve broadly rounded posteriorly. Beak of ventral valve marginal above a well-defined area;

just in front of the beak a narrow furrow starts that marks the path of advance of the pedicle

opening; this furrow is usually from one-fourth to one-third the length of the shell and grad-

ually widens and deepens up to the oval pedicle opening; strong lines of growth, with the

curvature of the posterior side of the opening, mark the stages of growth and advance of the

opening; these are beautifully shown by the cast of the furrow and opening illustrated by
Plate LXXXIII, figure lo. The furrow and pedicle opening are entirely in the layers of the

shell and do not cause a projection on the interior of the valve; the openmg is compressed
in some specimens, but it is usually of good size, as is shown by a cast of it that extended from
the outer to the inner surface; this is represented by figure le. The opening is of the same
character as that of Scliizamhon, except that it is through a thick shell.

Dorsal valve proportionally a little shorter than the ventral; beak marginal.

Surface marked by a few concentric lines of growth; the inner surface appears to have
been smooth. The specimens are preserved in a fine-grained sandstone, and usually in the

form of casts; a few show portions of tlie shell, and these indicate that it was of a calcareo-

corneous nature and built up of several rather strong layers or lamellae. This is also indicated

by the cast of the pedicle furrow and opening (fig. lo).

a I sincerely regret being obliged to differ so greatly with my Mend Doctor Matthew on the interpretation of the types of this species and of

the genus Trematobolus.
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The largest ventral valve in the collection has a length of 14 mm. and a width of 13.5 mm.
A dorsal valve 13 mm. long has the same width.

The area of the ventral valve slopes backward and rises from the plane of the margins

of the valve at an angle of about 45°. It is divided midway by a false pedicle area that

varies in width; it is subtriangular in outline, slightly depressed, and has a narrow median

furrow of varying depth that is marked by strong hnes of growth; on each side of the inner

end of this furrow the area is extended forward as a toothlike projection, very much as in

Bicia (PI. L) and Oholella (PL LV). The area is marked by transverse Unes of growth sub-

parallel to its anterior margin. The cast of the area (PI. LXXXIII, figs. Ic, Id, Ig, li, and

Ik) shows the pits made by the projections of the area next to the false pedicle furrow; it

was these pits in the cast of the ventral valve of T. insignis (PI. LXXXIV, fig. 5) that Matthew

[1893a, p. 276] mistook for the dental sockets of the dorsal valve.

The splanchnocoele of the ventral valve is large and clearly shown; the low, broad, rounded

median ridge is about one-half the length of the valve; it broadens out near the pedicle opening

and again toward the front; it is marked by a narrow median depression back of the pedicle

opening, and, in front of the pedicle opening, by a central, elongate swell surrounded by a

narrow furrow. The pedicle opening is clearly defined on nearly aU casts of the valve; it is

situated about two-fifths the distance from the area to the front end of the ridge on which

it occurs. On each side, a short distance back of the front end, an area is outlined that extends

obliquely backward to the main vascular sinus; this area may be depressed below the general

surface or raised above it; it corresponds to the area in the ventral valve of Oholus, in wliich

the central muscle scars and the middle and outside lateral scars occur. (Compare PL LXXXIII,
figs. Ic, Id, with PL VII, figs. 5 and 13; also with PL XIV, figs, la and 4a.) The transmedian

and anterior lateral muscle scars occur on a rounded ridge just outside of the main vascular

sinuses (PL LXXXIII, fig. Id). The umbonal muscle scars are oval in outline and situated

close to the posterior end of the central median ridge, and between the ridge and the trans-

median muscle scars. The impressions made by the main vascular canals are broad, strong,

and continued to the anterior third of the valve; they originate beside the median ridge close

to the area, and curve outward and then inward beyond the center of the valve.

The area of the dorsal valve is narrow and divided by a central, slightly depressed, tri-

angular space; it is marked by transverse hnes of growth and appears to be on the same plane

as the margins of the valves. The splanclmocoele of the dorsal valve extends forward beyond

the center of the valve; it is divided by a narrow, median septum, and has an oval depression

in it a little back of the anterior lateral muscle scars; the central muscle scars are large, oval

in outline, and situated on the outer slope of the rounded ridge about the central depression;

the anterior lateral scars are small and placed on the rounded ridge in front of the central

depression and close to the median septum. A low, rounded ridge extends obliquely forward

into the valve from each side of the median septum; these probably mark the position of

vascular canals extending forward from the visceral area; they are shown in Plate LXXXIII,
figures 11 and In. The transmedian and anterior lateral muscle scars are located close to

the outer edge of the main vascular sinus, well back on the posterolateral part of the valve.

The main vascular sinuses start back of the visceral area near the median septum and curve

outward and then forward about halfway between the central muscle scars and the margin

at the center of the valve, and then a little inward before terminating near the front margin.

Ohservations.—This fine shell was the type of Matthew's genus Protosijphon [1897a, p. 68].

I find it to be congeneric with Trematobolus insignis Matthew, and rather closely related to

that species. This may be seen by comparing Plate LXXXIII, figures Ic, Id, with Plate

LXXXIV, figure 5. The pedicle furrow and aperture is much hke that of ScJiizambon tijpicalis

Walcott (PL LXXXIV, figs. 1, la) except that it is in a thick shell, wliile that of the latter

species is in a relatively thin shell. In 1898 Mrs. Walcott and I collected a large series of

specimens at the typical locahty, as I wished to illustrate fully tins the oldest of the Siphono-

tretidse of the Schizambon type. The shell occurs above the Olenellus zone, at about the same

general horizon as T. insignis and T. pristinus.
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The specific name was given in honor of Prof. J. F. Kemp, of Cohimbia University, New
York City.

Formation and locality.—Middle Cambrian: (2u) Lowest beds exposed on the south side of Long Island; and

(308g) shales of Division lb3 or lh4 [Matthew, 1897, p. 71] of Matthew's section on Long Island; both in Kennebecasis

Bay [see Matthew, 1898a, pp. 124 and 127], St. John County, New Brunswick, Canada.

Trematobolus pristinus (Matthew).

Plate LXXXIII, figures 2, 2a-h; Plate LXXXIV, figure 6.

Obohis pristinus Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, pp. 121-122, PI. IV, figs. la-d.

(Described as a new species. The specimen represented by figui-e Ic is redrawn in this monograi^h, PL
LXXXIII, fig. 2f.)

Obolus pristinus Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 96, PL I, figs. 8a-d. (Char-

acterized. Figs. 8a-d are copied from figs, la-d, respectively, of the preceding reference.)

General form biconvex, subcircular to short ovate. Ventral valve rounded acuminate,

sometimes a httle broader than long; beak marginal above a low area. Pedicle opening at

the anterior end of a furrow thikt gradually narrows to the beak; the foraminal furrow varies

in length from about one-third to two-fifths the length of the valve; it is situated in the thick-

ened part of the shell and does not produce a ridge on the interior of the valve. Dorsal valve

proportionally a httle shorter than the ventral; beak marginal; area, if present, unknown.
Surface marked by fine concentric striae and fines of growth that show as the front margins

of imbricated lamellae of the shell; very fine radiating striae (also a few radiating, slightly

elevated fines) occur on some specimens, but whether they belong on the epidermal layer or

one of the inner lamellae is unknown; the inner surface is sfightly roughened. The substance

of the shell has been replaced by the calcareous matter of the matrix, but from the calcareo-

corneous nature of the shell of T. Icempanum (Matthew) it is probable that the original sheU

of this species was of the same nature. The shells vary in size from 5 to 13 mm. in length; the

average is about 9 mm.
The area of the ventral valve is short; otherwise, nothing is known of it. The splanch-

nocoele extends nearly to the center of the valve; a low ridge starts near the area, and, gradu-

ally widening, passes beyond the pedicle opening into an oval depression forming the anterior

portion of the visceral cavity; the ridge back of the pedicle opening is marked by a slightly

raised median hne; the space on each side, between the median ridge and the main vascular

sinuses, has a narrow band across the front that extends from each side of the central depressed

area diagonally backward to the main sinuses; these bands correspond in position to the spaces

occupied by the central muscle scars and the transmedian and outside lateral scars (compare
PI. LXXXIII, fig. 2b, with PL VII, fig. 13, of Oholus); the anterior lateral muscle scar is close

to the main vascular sinus, nearly opposite the pedicle opening. The main vascular sinuses

start near the area on each side of the low median ridge, and, with a gentle outward curve,

pass the center, and then, with a slight inward curve, reach nearly to the front margin; they

do not extend laterally beyond a vertical line drawn midway between the center and lateral

margins of the valve. Fine, irregular, secondary radial canals extend outward from the main
canal toward the margins.

The splanchnocoele of the dorsal valve extends beyond the center; a very narrow median
septum is shown, or else a broad, low, rounded ridge. The main vascular sinuses start near
the median line, close to the posterior margin, and curve forward, subparallel to the lateral

margins of the valve, gradually getting farther away from the margins as they pass the trans-

verse center of the valve. The central muscle scars are elongate oval in outline and situated

back of the center of the valve; the anterior laterals are small and close to the median fine.

Notliing is clearly shown of the details of the area of the dorsal valve; it was probably
similar to that of T, kempanum (Matthew). (Compare figs. 2f and 2g with figs. 1 1 and Im, PI.

LXXXIII.)
Observations.—This species is closely related to T. insignis Matthew, reference to wliich

is made under that species; it differs in the position of the main vascular sinuses of the ventral
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Talve, and in the size of the splancluiocoele. T. Icempanum is a larger shell with different vas-

cular and other scars in the interior of the ventral valve. Figures 2, 2a-d represent specimens

collected by S. Ward Loper for the United States National Museum, and figures 2e-h represent

the specimens in Matthew's collection, now at the University of Toronto.

Formation and locality.—Middle Cambrian: (301 [Matthew, 1895a, p. 122]) Sandstones of Division lb2; (21i)

sandstones of Division lb2; and (2i and 2k) sandstones of Division lb3; all in Matthew's [1895a, p. 108] Protolenus

zone, on Hanford Brook, St. John County, New Brunswick, Canada.

Genus SCHIZAMBON Waleott.

[axKtii, I divide; and Uii^wv, a raised edge.)

Schizamhon Walcott, 1884, Mon. U. S. Geol. Sui-vey, vol. 8, pp. 69-70. (Described and discussed as a new genus.)

Schizambonia Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1266. (Described in French.)

Schizamhon Walcott, Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, pp. 253-254.

(Described and discussed.)

Schizamhon Walcott, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 569-570.

(Copy of preceding reference.)

Schizamhon Walcott, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 113-117. (Copies

the original description, Walcott, 1884b, p. 69, and discusses genus and species referred to it.)

Schizamhon Walcott, Winchell and Schuchert, 1895, Nat. Hist. Minnesota, Geology, vol. 3, pt. 1, Paleontology,

p. 360. (Copies the original description, Walcott, l884b, p. 69, and discusses genus.)

Schizamhon Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. KI, and pp. 142 and 146. (Classification of

genus.)

This genus is described in Monograph VIII of the United States Geological Survey [Walcott,

1884b, p. 69] and very fully in Hall and Clarke's monograph [1892c, p. 113].

The type species is illustrated in this memoir on Plate LXXXIV. The other species

now referred to the genus are ;S'. ? esthonia Walcott, S. manitouensis Walcott, and S. priscus

Matthew. As stated in the original description [Walcott, 1884b, p. 69] Siphonotreta fissa

Kutorga appears to belong to the genus, and Hall and Clarke [1892b, pp. 115-116] include

ScMzamhonf canadensis (Ami);" Messrs. Winchell and Schuchert [1895, pp. 361 and 362] ten-

tatively include SJ dodgei and S.f locJcei, and Mr. George H. Hudson [1904, p. 284] describes

a new species, Schizamhon duplicimuratus, from the Chazy limestone on Valcour Island, Lake
Champlain, New York.

Type.—ScJiizamhon ty.picalis Walcott.

, Schizamhon? esthonia n. sp.

Plate LXXXIV, figure 4.

This species is represented by a single specimen of the ventral valve. It is nearly circular

in outline and moderately convex. Apex a little in advance of the posterior margin; a slight

flattening back of the apex outlines a faint false area. A wedge-shaj^ed depression extends

from the sharp apex forward a short distance to its larger end where the large oval foramen

occurs; this depression is similar to that in Schizamhon typicalis Walcott and S.fissa (Kutorga)

;

it is marked by fine lines of growth back of the foramen. Surface marked by fine concentric lines

of growth and three narrow, low, concentric ridges or varices of growth; the entire surface is

finely granulated, the granules being formed apparently by the crossing of fine, curving, oblique

furrows that start on the posterolateral margin and curve forward obliquely across the shell,

crossing so as to form rhomboidal spaces in which the granules occur. This type of surface is

unlike the spinose surface of S. typicalis. It suggests the surface of Micromitra and some forms

of Oholus {Westonia). From some points of view the crossing of the depressed lines gives a

punctate appearance to the surface.

It may be that this shell belongs to some other genus, but with the present information it

is referred to Schizamhon.

The specific name is derived from Esthonia.

Formation and locality.—Upper Cambrian: (336h) Ungulite grit, at Baltischport, Esthonia, Russia.

a Siphonotreta scotka canadensis Ami, 1887, Ottawa Naturalist, vol. 1, No. 9, p. 124.
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SCHIZAMBON MANITOUBNSIS n. Sp.

Plate LXXXIV, figures 3, 3a-e.

General form and convexity much like those of ScMsamhon typicalis Walcott, also surface

characters if the influence of the different matrix is allowed for. The differences between the

two species are in the larger foramen in S. manitouensis; in a shorter depression before the beak;

in the interior markings of the dorsal valve and the strong area of the dorsal valve (PI. LXXXIV,
fig. 3c). There may be a similar area in ;S^. typicalis, but owing to the condition of preservation

it has not been observed.

The finely spinose surface is rarely seen, as it adheres to the matrix. The usual appearance
of the shell is like that shown by figure 3. The average shell has a length of 4.5 mm., width
about the same. Substance corneous.

The specific name is derived fi'om Manitou, Colorado.

Formation and locality.—Lower Ordovician: (186 and 186a) « Near line of contact between the red and gray

Ordovician limestone, in siliceous red limestone about 30 feet {9.1 m.) above the pre-Cambrian rocks, Williams Canyon,

Manitou; and (360) red siliceous limestone near Colorado Springs; both in El Paso County, Colorado.

ScHizAMBON PRiscus Matthew.
''

Plate LXXXIV, figures 2, 2a-e.

Schizambon priscus Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, pp. 277-278, PL V,
figs. 4a-d. (Described and discussed as a new species. None of the specimens figured are reproduced in this

monograph.)

Schizambon priscus Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 187-189, PI. XI,
figs. 6a-d.

,

(Description and figures copied from preceding reference.)

Shell small and subcircular to transversely ovate, moderately convex. Ventral valve

slightly acuminate, with the apex above a short false area, and lower than the umbo. Foramen
small, oval, and opening externally into an elongate groove tapering toward the beak; back of

the foraminal opening a tapering ridge extends to the beak, leaving a narrower groove on each
side. In the interior of the shell the edges of the tapering groove are slightly elevated and the

foraminal opening appears to be of about the same size as the external opening. On some
specimens of the ventral valve, on each side of the foramen on the outer surface, a narrow depres-

sion extends forward and slightly outward nearly to the front margin ; this character corresponds

to the low ridges in the ventral valve of Schizambon typicalis Walcott (PI. LXXXIV, fig. la).

The dorsal valve is less convex than the ventral, and its beak is marginal. The interior

of the valve shows a median ridge of varying strength, and the same is true of the ridges indi-

cating the narrow main vascular canals. In figure 2c the anterior portion of the median
ridge is shown, also the oval, widely separated central muscle scars (h) and the small anterior

lateral scars (j); in figure 2d the main vascular canals and the central portion of the median
sinuses are shown. In figure 2e there is only a trace of vascular markings.

Surface as preserved, marked by very fine radiating and concentric ridges that form on some
shells a cancellated pattern; the fact that many shells adhere by the outer surface to the matrix

leads me to suspect that the outer surface is roughened and probably spinose as in other species

of the genus. The average size of the shells is about 4 mm. in length and width. Shell substance

corneous.

Formation and locality.—tTpper Cambrian: (lOf and lOg) Shales on the east branch of Barachois River, 0.75

mile (1.2 km.) north of the crossroad from Boisdale to Upper Leitches Creek; (lOh) at same locality as Locality lOf,

but in shales of a slightly different horizon; (lOe) shales on the east branch of Barachois River, 0.5 mile (0.8 km.)
north of the crossroad fi-om Boisdale to LTpper Leitches Creek; (101) shale on east bank of Barachois River, 6 miles

(9.6 km.) from Little Bras d'Or Lake; (13h) shale on the east bank of Barachois River, 1.5 miles (2.4 km.) north of

Boisdale; (10k) shale on west bank of Barachois River, about 0.25 mile (0.4 km.) north of the Boisdale road; (lOd)

shale on the west side of Barachois River, 0.125 mile (0.2 km.) north of the Boisdale road, opposite McMullin's place;

(lOi) shale in high bank on the west side of Barachois River, just north of the Boisdale road; (307 [Matthew, 1903, p.

1S8]) shales of Division C3c of Matthew on McLeod Brooh (=Barachois River); (3q) shale in Barachois Glen, 4 miles

a 186a is the type locality.
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(6.4 km.) south of Little Bras d'Or Lake; (31i) shale and shaly limestone on McNeil Brook, 1.5 miles (2.4 km.) east

of Marion Bridge; and (372e [Matthew, 1903, p. 50]) shales on McMullins Brook, near McLeod Brook (=Barachois

River); all in eastern Cape Breton, Nova Scotia, Canada.

(308 [Matthew, 1901a, p. 278]) Shales of Division C3c of Matthew at Navy Island, St. John Harbor, St. John Comity,

New Brunswick, Canada.

Specimens somewhat doubtfully referred to this species occiir at the following locality:

TTpper Cambrian : (10c) Shales in a horizon 50 feet below that of Locality 10k, on the west side of Barachois

River, eastern Cape Breton, Nova Scotia, Canada.

SCHIZAMBOK TYPICALIS Walcott.

Plate LXXXIV, figures 1, la-d.

ScMzambon typicalis Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 70-71, PI. I, figs. 3, 3a-d. (Described and
discussed as a new species. Figs. 3, 3a-d are copied in this monograph, PI. LXXXIV, figs, la, 1, Ic, lb, and
Id, respectively.)

fSchizambon typicalis Walcott, Hall and Clakke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p.

253, PI. IV, figs. 18-20. (Mentioned imder genus ScMzambon. Fig. 18 is copied from Walcott, 1884b, PL I,

fig. 3a.)

ScMzambon typicalis Walcott, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 114, 116,

and 117; fig. 65, p. 114; and PI. IV, figs. 27-30. (Mentioned in discussion of genus ScMzambon. Fig. 65 is

copied from Walcott, 1884b, PL I, fig. 3a. Figs. 27 and 29 are copied from figs. 19 and 20, respectively, of the

preceding reference.)

This species is fully described in Monograph VIII of the United States Geological Survey
[Walcott, 1884b, pp. 70-71]. There is little to add to the description. For comparison with

the other species the original figures are reproduced.

Among the fossils occurring in limestone bowlders from Locality 30w there is a single

specimen of a rentral valve of a shell that appears to be identical with ScMzamhon typicalis.

The points of identity are: (a) general form; (b) shape of foraminal opening; (c) fine, ele-

vated, concentric strise. The only difference is the greater convexity, which is owing, I think,

to the character of the matrix, the Nevada specimen being in a shaly limestone and somewhat
compressed.

Formation and locality.—lower Ordoviclan: (201a) Pogonip limsstone, east slope of the ridge east of Hamburg
Ridge, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

TTpper Cambrian: (30w) Drift bowlder of limestone supposed to have come from la of the Notch Peak limestone

on Notch Peak [Walcott, 1908f, p. 175], found about 2 miles (3.2 km.) south of Marjum Pass, House Range [Walcott,

1908f, PL XIII], Millard County; (33d) ^^ thin-bedded blue limestone at the base of the first high point southwest of

the J. J. Thomas ranch, on the east side of the Fish Spring Range, Juab County; and (54c) about 1,100 feet (335.3 m.)

above the Middle Cambrian and 120 feet (36.6 m.) below the top of the Upper Cambrian in the central portion of the

limestone forming 1 of the St. Charles formation [Walcott, 1908f, p. 192], in Blacksmith Fork Canyon, about 10 miles

(16.1 km.) east of Hyrum, Cache County; all in Utah.

Genus SIPHONOTRETA de Verneiul.b

{tri^iwv, a siphon or tube; t/jjitoj-
,
perforated.]

Crania Eichwald (in part) [not Retzius], 1829, Zoologia specialis, vol. 1, p. 273. (Described in Latin. The genus

includes species other than those belonging with Siphonotreta.)

Terebratula Eichwald (in part) [not Lhwyd], 1840, Jour. Natur- und Heilkunde Medizinischen Akad. St. Petersburg,

pts. 1 and 2, p. 138 (p. 24 in second part of one edition). (Merely places " Crania unguiculata and C. verrucosa"

in this genus.)

, Terebratula Eichwald, 1842, Die Urwelt Russlands, Hft. 2, p. 145. (Merely mentions " Terebratula unguiculata.")

Siphonotreta db Verneuil, 1845, G6ologie de la Russie d'Europe, by Mujchison, de Verneuil, and de Keyserling,

vol. 2, pt. 3, p. 286. (Described in French as a new genus.)

Siphonotreta de Verneuil, Kutorga (in part), 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No.-

12, pp. 261-263. (Described and discussed in German. Notes on the genus occur at various places on pp.
250-260.)

Siphonotreta de Verneuil, Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, pp. 315-320. (Notes on the genus
I and its generic relations.)

a This species is somewhat doubtfully identified from this locality.

b The synonymy for this genus is not complete; it includes only those references dealing with the species taken up in this monograph.
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Siphonotreta de Verneuil, Morris, 1850, Rept. British Assoc. Adv. Sci. for 1849, Notices and Abstracts, pp. 57-58.

(Notes on the genus.)

Siphonotreta de Vemeuil, Davidson, 1853, British Fossil Brachiopoda, vol. 1, Introduction, No. 3, pp. 131-133.

(Described and discussed.)

Siphonotreta de Verneuil, Eichwald, 1860, Letheea rossica, ancienne periode, vol. 1, sec. 2, p. 915. (Described in

French.)

Siphonotreta de Vemeuil, Seebach, 1865, Zeitschr. Deutsch. geol. Gesell. for 1865, Bd. 17, Heft. 2, p. 341. (Discussed

in German.)

Siphonotreta de Vemeuil, Davidson, 1866, British Fossil Brachiopoda, vol. 3, pt. 7, No. 1, p. 75. (Mentioned.)

Siphonotreta de Vemeuil, Qtjenstedt (in part), 1871, Petrefactenkunde Deutschlands, Abth. 1, Bd. 2, Brachiopoden,

pp. 673-674. (Described and discussed in German.)

Siphonotreta de Verneuil, Davidson, 1877, Geol. Mag., new ser., dec. 2, vol. 4, pp. 13-16. (Notes on the genus and
its generic relations.)

Siphonotreta de Verneuil, Zittel, 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, pp. 665-666. (Described in

German.)

Siphonotreta de Verneuil, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, pp. 217-219. (Discussed.)

Siphonotreta de Verneuil, Oehlbrt, 1887, Manuel de conchyliologie, by Fischer, p. 1265. (Described in French,

with figures of S. unguiculata and S. verrucosa.)

Siphonotreta de Vemeuil, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp.
252-253. (Described.)

Siphonotreta de Verneuil, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 568-569.

(Text copied from preceding reference.)

Siphonotreta de Verneuil, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 110-113.

(Described and discussed.)

Siphonotreta de Verneuil, Winchell and Schuoheet, 1895, Nat. Hist. Minnesota, Geology, vol. 3, pt. 1, Paleontology,

p. 358. (Copies the description given by Hall and Clarke, 1892c, pp. 110-111.)

Siphonotreta de Verneuil, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 146. (Clas-

sification of genus.)

For the diagnosis of the genus, see Hall and Clarke [1892c, pp. 110-113].

The following notes are the result of the study of casts of a natural mold of the interior

of the two valves united that I worked out from a specimen of S. unguiculata (PL LXXXI,
figs. 6, 6a-b) received from Dr. Fr. Schmidt, in which the transverse diameter is 18 mm.

The cast of the interior of the ventral valve shows that the visceral area was elevated

on a thickening of the shell, and that the muscle scars were attached in depressions in front

of and beside the elevated visceral area; the main vascular canal was also on a ridge where it

passed from the anterolateral edge of the visceral area. The points of attachment of the

central, outside lateral, and middle lateral scars are not clearly defined as distinct scars in the

specimens at hand, but the space occupied by them is very distmctly marked. It is very much
like that of Obolus afoUinis Eichwald (PI. VII). The points of attachment of the transmedian

and anterior lateral muscles are close to the elevated visceral area, just outside of the ridge

beneath the main vascular sinuses. The opening of the pedicle tube is not well preserved;

this feature is illustrated by Davidson [1877, PI. II, figs. 8 and 9].

The interior of the dorsal valve shows a thickening of the shell in front of the antero-

lateral muscle scars so as to form a transverse ridge that unites with the median ridge and a

ridge on each side that appears to have been beneath the mam vascular canals; within the

subtriangular space thus formed the rather large anterolateral muscle scars occur as pits,

and a little back of them, and of about the same size, the elongate oval central muscle scars;

outside of the lateral ridge occur three large oval scars that correspond in position to the trans-

median, outside lateral, and middle lateral scars of the dorsal valve of Oholus.

The specimens studied by Davidson illustrate the interior of the ventral valve somewhat
better than those before me, but the interior of the dorsal valve does not appear to have been

so good.

Type.—Crania unguiculata Eichwald.

Siphonotreta ? dubia n. sp.

Plate LXXXI, figures 7, 7a-b.

Shell small, subcircular in outline. Ventral valve subcorneal, with the apex a short dis-

tance in front of the posterior margin and directed backward; it is truncated by a small, round
62667°—VOL 51, pt 1—12 40
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opening that penetrates through the shell, but whether the opening is continued as a tube is

unknoAvn; a false area is slightly indicated on the slope between the pedicle aperture and the

gently upward-arching posterior margin. Dorsal valve depressed in some examples so as to be

slightly concave between the minute beak at the posterior margin and the front; in other

examples it is flat and in some slightly convex.

Surface of both valves marked by concentric lines of growth and low ridges from which

spine bases extend across to the front edge of the next ridge, very much as in Siphonotreta

unguiculata (Eichwald) (PI. LXXX) ; the spine bases are short and scattered on the posterior

parts, numerous and elongated toward the front and lateral margins in the adult shells.

The average diameter of the valves is from 3 to 4 mm. Substance of shell probably

calcareocorneous ; it is ' calcareous in the specimens, but this appears to have been the result

of replacement of the original shell by impure calcite, which has also replaced the substance

of associated trilobite tests.

The generic reference is doubtful, as nothing is known of the interior of either valve. The

circular pedicle opening distinguishes the species from Schizambon typicalis Walcott, wliich has

a similar spinose surface (PI. LXXXIV, fig. Id), and relates it to Siphonotreta. I think that

with full knowledge of this species it wUl be found to belong to an imdefined genus, as it is not

probable that Siphonotreta was developed so early in Cambrian time.

This form owes its specific name to the doubtfulness of the generic reference.

Formation and locality.—Lower Cambrian: (Iv) Shales of No. 3 of the Silver Peak group, Barrel Spring

section [Walcott, 1908f, p. 189], 3 miles (4.8 km.) north of Valcalda Spring and 4 miles (6.4 km.) west-northwest of

the Drinkwater mine, Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

Siphonotreta unguiculata (Eichwald).
\

Plate I.XXXI, figures 6, 6a-e.

Crania ungmculata Eichwald, 1829, Zoologia specialis, vol. 1, p. 274, PI. IV, fig. 3. (Described in Latin as a new

species.)

Crania sulcata Eichwald, 1829, idem, p. 274, PL IV, fig. 4. (Described in Latin as a new species.)

Terehratula unguiculata Eichwald, 1840, Jour. Natur- und Heilkunde Medizinischen Akad. St. Petersburg, pts. 1 and

2, pp. 138-140 (pp. 24r-26 in second part of one edition). (Described in German.)

Terehratula unguiculata Eichwald, 1842, Die Ui-welt Russlands, Hit. 2, p. 145, PL IV, figs. 2a-b. (Mentioned in

German.)

Siphonotreta unguiculata (Eichwald), de Verneuil, 1845, Geologic de la Russie d'Eiu-ope, by Murchison, de Verneuil,

and de Keyserling, vol. 2, pt. 3, pp. 286-287, PL I, fig. 13. (Described in French.)

Siphonotreta unguiculata (Eichwald), Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersbiu-g for 1847, No.

12, pp. 264 and 284, PL VI, figs, la-d, 2a-c, 3a-c. (Described in German on p. 264.)

Siphonotreta unguiculata var. a Kutorga, 1848, idem, p. 284, PL VI, figs. 4a-e. (The description of this variety

may be incorporated with that of the species on p. 264; it is only mentioned, however, in the description of

PL VI, which is on p. 284.)

Siphonotreta unguiculata var. Kutorga, 1848, idem, pp. 264-265, PL VI, figs. 5a-d. (Characterized in German.)

Siphonotreta unguiculata var. ;- elongata Kutorga, 1848, idem, p. 265, PL VI, figs. 6a-b. (Characterized in German

as a new variety.)

Siphonotreta unguiculata (Eichwald), Davidson, 1853, British Fossil Brachiopoda, vol. 1, Introduction, No. 3, PL

IX, figs. 261-265, 269 and 270. (Mentioned on p. 133. Fig. 269 is copied from Kutorga, 1848, PL VI, fig. la.)

Siphonotreta unguiculata Eichwald, 1860, Lethsea rossica, ancienne periode, vol. 1, sec. 2, pp. 915-916. (Described

and discussed in French.)

Siphonotreta unguiculata (Eichwald), Schmidt, 1861, Archiv ftir Naturkunde Liv-, Ehst-, und Kurlands, 1st ser.,Bd.

2, p. 218. (Localities mentioned.)

Siphonotreta unguiculata (Eichwald), Quenstedt, 1871, Petrefactenkunde Deutschlands, Abth. 1, Bd. 2, Brachio-

poden, p. 674, PL LXI, figs. 23-27. (Discussed.)

Siphonotreta unguiculata (Eichwald), Davidson, 1877, Geol. Mag. new ser., dec. 2, vol. 4, footnote and figs. A and B,

p. 14; p. 15, PL II, figs. 7-11. (Described and discussed. Fig. 9 is copied in this monograph, PL LXXXI,

fig. 6c.)

Siphonotreta unguiculata (Eichwald), Zittel, 1880, Handbuch der Palaontologie, Bd. 1, Abth. 1, p. 666, figs. 489a-d.

(No text reference. Figs. 489a-d are copied from Davidson, 1853, PL IX, figs. 265, 264, 262, and 261, respec-

tively.)

Siphonotreta unguiculata (Eichwald), Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, p. 16, PL I, fig. 8. (Discussed.

Fig. 8 is copied from Davidson, 1877, PL II, fig. 9.)
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Siphonotreta unguindata (Eichwald), Quenstedt, 1885, Handbuch der Petrefactenkunde, Auflage 3, p. 755, PL LVIII,

fig. 53. (Discussed in German.)

Siphonotreta unguiculata (Eichwald), Gagel, 1890, Beitr. zur Naturkunde Preussens, von Physikal.-oekonom. Gesell.

Konigsberg, 6, p. 23, PL I, fig. 3. (Characterized in German.)

Siphonotreta unguiculata (Eichwald), Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for

1891, p. 253, PL IV, figs. 22-26. (Mentioned. Figs. 22 and 23 are copied from Davidson, 1877, PL II, figs. 9

and 11, respectively. Figs. 24-26 are copied from Kutorga, 1848, PL VI, figs. 2c, 3b, and 3a, respectively.)

Siphonotreta unguiculata (Eichwald), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. Ill,

PI. IV, figs. 22-26. (Mentioned. Figs. 22-26 are copied from those in the preceding reference, which see.)

The characters of this species are included in the generic description given by Messrs.

Hall and Clarke [1892c, p. 110]. It differs from S. verrucosa (Eichwald) in its broader outline

and more finely granulated and spinose surface. Figs. 6, 6a, and 6b are of a specimen received

from Dr. Fr. Schmidt; fig. 6c is copied from Davidson [1877, PI. II, fig. 9].

Formation and locality."—Ordovician: (336g) Limestone in the vicinity of Zarskoe Selo; (336w) near Paw-

lowsk; and (336x) in the Archangel quarry on the Volkhof (Wolchow); all near St. Petersburg, Russia.

(336v) Echinosphxrites limestone at Reval; (337d) " Brandschiefer " at Salla, near Erras, 85 niiles (137 km.) east

of Reval; and (337e) "Jewesche Schicht" at Altenhof, near Poddrus, 55 miles (88.6 km.) east of Reval; all in the

Government of Esthonia, Russia.

Drift bowlders of Echinosphxrites limestone at the following localities: (386i) Near Wehlau, 30 miles (48.3 km.)

east of Konigsberg, East Prussia; (386j) at Belschwitz, East Prussia; (386k) near- Wormditt, East Prussia; and (3861)

near Marienwerder, West Prussia; all in Germany.

Passage beds between the Upper Cambrian and the Ordovician: (336e) Orthoceratite limestone at Pulkowa; (337m)

Orthoceratite limestone at Popowka; (337k) Orthoceratite limestone on the banks of Wolchow (Volkhof) River, near

Lake Ladoga; and (336y) glauconitic limestone at Popowka; all near St. Petersburg, Russia.

Orthoceratite limestone ("Vaginatenkalk") at the following localities: (336z) At Narwa; (337) at Erras, 85 miles

(137 km.) east of Reval; (337a) at Kusal, 25 miles (40 km.) east of Reval; (337b) b at Reval; (337c) on Odensholm Island,

55 miles (88.6 km.) west of Reval; and (3371) at Baltischport, west of Reval; all in the Government of Esthonia,

Russia.

Siphonotreta verrucosa (Eichwald).

Plate LXXXI, figures 5, 5a-b.

Terebratula verrucosa Eichwald, 1840, Jour. Natur- und Heilkunde Medizinischen Akad. St. Petersburg, pts. 1 and 2,

pp. 140-141 (pp. 26-27 in second part of one edition). (Described in German.)

Siphonotreta verrucosa (Eichwald), de Verneuil, 1845, Geologic de la Russie d'Europe, byMurchison, de Vemeuil, and

de Keyserling, vol. 2, pt. 3, p. 287, PL I, figs. 14a-d. (Described in French.)

Siphonotreta verrucosa (Eichwald), Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12,

pp. 266-267, PL VII, fig. 1. (Described in German.)

Siphonotreta verrucosa (Eichwald), Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, PL VII, figs. 2a-d. (No
text reference. Description of plate on p.. 321.)

Siphonotreta verrucosa (Eichwald), Davidson, 1853, British Fossil Brachiopoda, vol. 1, Introduction, No. 3, PL IX,

figs. 267 and 268. (Mentioned on p. 133.)

Siphonotreta verrucosa Eichwald, 1860, Lethsea rossica, ancienne pSriode, vol. 1, sec. 2, pp. 916-917. (Described

and discussed in French.)

Siphonotreta verrucosa (Eichwald), Schmidt, 1861, Archiv. fur Naturkunde Liv-, Ehst-, und Kurlands, 1st ser., Bd. 2,

p. 218. (Localities mentioned.)

Siphonotreta verrucosa (Eichwald), Quenstedt, 1871, Petrefactenkunde Deutschlands, Abth. 1, Bd. 2, p. 674, PL
LXI, figs. 28-30. (Discussed.)

Siphonotreta verrucosa (Eichwald), Quenstedt, 1885, Handbuch der Petrefactenkunde, Auflage 3, p. 755, PL LVIII,

figs. 52 and 54. (Discussed in German.)

Siphonotreta verrucosa (Eichwald), Gagel, 1890, Beitr. zur Naturkunde Preussens, von Physikal-oekonom. Gesell.

Konigsberg, 6, p. 22, PL I, figs. 2a-b. (Characterized in German.)

This beautiful and instructive species is described by de Verneuil [1845, p. 287]. Figures

5, 5a, and 5b are drawn from a specimen received from Dr. Fr. Schmidt. The outer opening of

the pedicle tube is a little longer than wide, and slightly pointed toward the minute beak, which

is at its posterior margin. There is no trace of a groove or pseudodeltidium on the false area

of this species or Siphonotreta unguiculata.

a Localities 336y and 337ni are represented in the United States National Museum collections; the other localities are taken from the

references in the synonymy. The authority for each reference cited will be found in the list of localities, pp. 161-291.

iiMay be the type locality. Eichwald [1829, p. 274] gives it as "limestone at Reval."
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Formation and LOCALirr.a—Ordovician: (336w) Near Pawlowsk, near St. Petersburg, Russia.

Drift bowlders of Echinosphxrites limestone at the following localities: (3861) Near Wehlau, 30 miles (48.3 km.)

east of Konigsberg, East Prussia; (386k) near Wormditt, East Prussia; and (386 1) near Marienwerder, West Prussia;

all in Germany.

Passage beds between the Upper Cambrian and the Ordovician: (336e) Orthoceratite limestone at Pulkowa;

(337m) Orthoceratite limestone at Popowka; and (336y) glauconitic limestone at Popowka; all near St. Petersbm'g, Russia.

(337f) "Vaginatenkalk"6 at Tiirsel, 15 miles (24.2 km.) west of Narwa; and (337g) " Vaginatenkalk " 6 at Chudleigh,

25 miles (40 km.) west of Narwa; both in the Government of Esthonia, Russia.

Genus KEYSERLINGIA Pander, c

Orbicula de Verneuil (in part) [not Lamarck], 1845, G^ologie de la Russie d'Europe, by Miirchison, de Vemeuil,

and de Keyserling, vol. 2, pt. 3, p. 288. (Described and discussed in French. Of the species included in the

genus only "Orhicula buchii" is treated in this monograph.)

Not Orhicella Dana, 1846; see Scudder's Nomenclator Zoologicus, p. 236. (Proposed for a genus of the Polypi.)

Orbieella d'Obbigny (in part) [not Dana], 1850, Prodrome de Pal^ontologie, vol. 1, p. 20. (Characterized in French.

"Orhicella buchi " is the only one of the many species placed under the genus which is treated in this monograph.)

Keyserlingia Pander, 1861, Bull. Acad. imp. sci. St.-P6tersbourg, tome 3, columns 46-48. (Described and discussed

in German.)

Keyserlingia Pander, Dail, 1877, Bull. U. S. Nat. Mus. No. 8, p. 39. (Merely listed, but gives "Orbicula reversa" aa

the type.)

Orbieella d'Orbigny, Dall (in pai-t), 1877, idem, p. 50. (Cites Orbieella buchi as the type and gives synonymy of genus.)

Keyserlingia Pander, Oehleet, 1887, Manuel de conchyUologie, by Fischer, p. 1263. (Described in French, with

figures of Keyserlingia buchi.)

Not Keyserlingia Karpinsky, 1887, Bull. Acad. imp. sci. St.-P6tersbourg, tome 31, p. 476, footnote. (The use of the

name Keyserlingia in this reference is clearly a typographical error, "Helmersenia" being the proper term.)

Orbieella d'Orbigny, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 254. (Pan-

der's original description, 1861, p. 46, translated.)

Orbieella d'Orbigny, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 570. (Copy

of preceding reference.)

Keyserlingia Pander, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 117-119. (Copies

- the translation of Pander's original description given by Hall and Clai-ke, 1892a, p. 254, and discusses the genus

and the priority of the generic names proposed for it.)

Keyserlingia Pander, Walcott, 1908, Smithsonian Misc. CoU., vol. 53, No. 4, PI. XI, and pp. 142 and 146. (Classifica-

tion of genus.)

The description of the type species, Keyserlingia hucM, gives all that is known of this genus.

My description and remarks are based on the study of a considerable number of specimens

collected for me by Mr. Schmalensee at Jaggowal, Esthonia, and a few received from Dr. Fr.

Schmidt, collected at Kunitz, Government of Pskow.

From the means of comparison with other related generic forms it appears that Keyser-

lingia has an interior pedicle tube somewhat like that of Siflionotreta unguiculata (Eichwald),

but that the pedicle cleft is back of the apex as in Schizotreta elliptica Kutorga. A young shell

has a very clear openmg in the pedicle cleft, but in nearly all adult shells the opening is closed.

In the interior of the ventral valve of many shells the pedicle tube extends forward into the

valve (PI. LXXXI, fig. 4a), but in adult shells it is often closed by a vesicular growth of shell

(fig. 4b).

Keyserlingia, as exemplified by K. hucJii, is a form having an external pedicle cleft back

of the apex much like that of Schizotreta, and an interior pedicle tube extending forward a
varying distance but not usually beyond the center.

Type.—Orhicula hucJii de Verneuil.

The generic name was given in honor of A. de Keyserling.

^ Keyserlingia BUCHI (de Verneuil).

Plate LXXXI, figures 4, 4a-e.

Orbicula buchii de Verneuil, 1845, Geologic de la Russie d'Europe, by Murchison, de Vemeuil, and de Keyserling,

vol. 2, pt. 3, pp. 288-289, PI. XIX, figs. la-c. (Described and discussed in French as a new species.)

a Localities 336y and 337m are represented in the United States National Museum collections; the other localities are taken from the

references in the s.vnonymy. The authority for each of the localities cited will be found in the list of localities, pp. 161-291. I have been
unable to determine which is the type locality.

6 The Vaginoccras limestone is the equivalent of the Orthoceratite limestone.

c The synonomy for this genus is not complete; it includes only those references dealing with the species taken up in this monograph.
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Orbicella buchi d'Orbigny (in part), 1850, Prodrome de Pal^ontologie, vol. 1, p. 20. (Changes generic reference, but

includes "Orhicula reversa" also as a synonym of "Orbicella buchi")

Discina buchii (de Verneuil), Eichwald (in part), 1860, Lethaea rossica, ancienne p6riode, vol. 1, sec. 2, p. 914.

(Described and discussed in French. Eichwald includes Jeremejew's Siphonotreta ladogensis as a synonym.)

Keyserlingia buchi (de Verneuil), Pander, 1861, Bull. Acad. imp. sci. St.-Petersbourg, tome 3, columns 46-48, PI. II,

figs. la-h. (Described and discussed in German.)

Orbicella buchi (de Verneuil), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 254,

PL IV, figs. 8-10. (Mentioned as the type species. Figs. 8, 9, and 10 are copied from Pander, 1861, PL II,

figs, la, Ih, and Ic, respectively.)

Keyserlingia buchi (de Verneuil), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 118,

PL IV, figs. 1-3. (Note fixing "K. buchi" as the type species. Figs. 1-3 are copied from Hall and Clarke,

1892a, PL IV, figs. 9, 10, and 8, respectively.)

Shell inequivalve, circular, or slightly oval longitudinally or transversely. Ventral valve

depressed conical with the apex from just in front of the posterior margin to one-fifth of the

length of the valve toward the front margin; a rouglily outlined false area is formed by the

incurving of the posterior slope from each side beneath the apex, to a narrow cleft that extends

downward from the apex a varying distance toward the posterior margin; the narrow cleft is

usually closed at the bottom, but in some examples it has a small elongate opening midway and
in others a minute rounded opening toward the lower or posterior part. The exterior of the

dorsal valve is slightly convex with the apex marginal. Surface marked by fine, concentric

striae and a few stronger lines of growth that pass beneath the apex across the false area except

where interrupted by the pedicle cleft ; when the latter is closed the strise do not cross the shell

substance at the bottom of the cleft. In addition there are faint traces of fine radiating striae

and on some ventral valves a few obscure, low, radiating ridges.

The area of the ventral valve rises from the plane of the margins of the valve at an angle

of about 45°; it is slightly arched inward at the center, and is marked by strong striae of growth
parallel to the outer margin. Within the valve a median ridge of varying strength and length

extends forward from the front margin of the area. In fifteen examples it is less than one-half

the distance to the front margin, and in only one it extends forward beyond the center. On all

unbroken specimens a strong projection extends upward from the median ridge just in advance
of the area; it is narrow at the base, widening sideways and backward; it has a large variously

shaped anterior opening that narrows toward the base of the projection; the size of the projec-

tion and opening depends upon the amount of shelly matter that has been deposited on and in it.

The opening is the inner end of the pedicle tube; in some examples it is entirely filled with
shelly deposit (PL LXXXI, fig. 4b), and in others it is still open; in several examples with an
open interior aperture the pedicle cleft is closed at the exterior end. The median ridge, in front

of the pedicle tube, has a vesicular interior that gives it a hollow appearance when the top is

broken away. In several examples the pedicle muscle scar is clearly preserved, on the projec-

tion from the median ridge, just in front of the opening of the pedicle tube. On each side of

the median ridge close to the area the cardinal muscle scars are either in a depressed pit or on a
more or less elevated projecting growth of shell rising from the bottom of the valve; sometimes
the projections extend beyond the plane of the margins of the valve (PL LXXXI, fig. 4c), and
often the central projection about the pedicle tube extends above the plane of the margin. On
some shells the area indicated as the cardinal scar shows the points of attachment of tliree

muscles, probably the umbonal, transmedian, and anterior laterals; the only indication of the
points of attachment of the muscles corresponding to the central, outside, and middle laterals

of Obolus is on the sides and beside the elevated pedicle tube.

The area of the dorsal valve has a broad, triangular, slightly concave space at the center
that is bounded by narrow flexure lines ; on each outer side of the flexure line the area narrows
and slopes upward at an angle of about 30° to 45°; it is marked by distinct lines of growth that
cross the central depressed space subparallel to the margin of the area. Within the valve a
strong median septum extends from the area to the front part of the valve; this septum when
broken shows an interior vesicular structure that gives the appearance of its having been hollow.

WeU toward the front an oval muscle scar (central) occurs on each side of the septum; the car-

dinal muscle scars are oval in outline close to the area and surrounded by a more or less thickened
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shell growth m old shells. Between the large cardinal scars and the outer margin there is a

narrow, elongate, depressed area in which the outside and middle lateral muscles may have been

attached.

Shell substance corneous. The shell is built up of numerous thin layers or lamellae, and

the thick growth of the old shells is by irregular accretions. The average size of the shells is

5 to 7 mm. in diameter.

Observations.—This interesting form was evidently in its younger stages a siphonate shell

that had its pedicle tube closed by shell growth in the adult stage. I have broken several

ventral valves on the line of the pedicle cleft and found that the shell within the cleft has a

vesicular structure and that the opening could not be traced through the shell. The filing

up of the pedicle tube and the deposition of shelly matter about the interior opening of the

tube appear to have been a phase of adult growth and old age. The jBlling of the tube must

have cut off the pedicle and left the shell to drift about very much as in the case of Leptserm

rhomboidalis and Rhynchotrema capax [HaU and Clarke, 1894, p. 184].

This species differs from Orhicula reversa de Verneuil [1845, p. 289] in having the apex of

the ventral valve much nearer the posterior margin.

Formation and locality.—TTpper Cambrian: (395) 06o^ms sandstone at Joa, near Jegelecht, 12 miles (19.3 km.)

east of Reval, Government of Esthonia; (395b) Obolus sandstone at Ilgast, Government of Esthonia; (9d) Oholus

sandstone at Jaggowal, about 20 miles (32.2 km.) east-southeast of Reval, Government of Esthonia; (336n [de Verneuil,

1845, p. 289]) on Ijora (Ischora) River, Government of St. Petersburg; (336o) Ungulite grit, Koporje, Government of St.

Petersburg; (336a [Eichwald, 1860, p. 914]) Obolus sandstone at Podolova (Putalova?) on Ijora (Ischora) River,

Government of St. Petersburg; and (336p) Ungulite grit, Kunitz, Government of Pskow; all in Russia.

Superfamily ACROTRETACEA Schuchert.

Family ACROTRETID^ Scliucliert.

SuMamlly ACROTHELIN.^ Walcott and Scliiicliert.

Genus ACROTHELE Linnarsson. a

[Bxpoc, at the top; and dri^, nipple.]

Acrothele Linnaesson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 20-21. (Described and

discussed in English as a new genus.)

Acrothele Linnarsson, Zittel, 1880, Handbuch der Palseontologie, Bd. 1, Abth. 1, p. 665. (Described in German.)

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Acrolhele were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the foUowmg mere generic

references are listed:

Discina (Orbicula) de Verneuil and Barrande 11860,

p. 632].

Oboldla Billings [lS62d, p. 68; 1863, p. 230).

OboleUa Chapman ]1863, p. 191; 1864, p. 163).

Oboldla Salter [1866, p. 28.5].

Oboldla Davidson [1868, p. 311].

Lingula Hartt [1868, p. 644].

Oboldla Davidson [1871, p. 341).

Oboldla Ford [1873, p. 213).

Acrotreta ? White [1874, p. 6; 1877, p. 34).

AcTotkde Brogger [1878, p. 76].

Lingula Hartt [1878, p. 644).

Acrolhde Linnarsson [1879, p. 25).

Obolus? Barrande ri879b, PI. CH: vn).

Acrothele White [1880, p. 41).

Discina {Acrotreta f) Brogger [1882, p. 47).

.<lcroftcie? Walcott [1884b, p. 14).

Acrothele Walcott [1884b, p. 15).

Billingsia Ford [1886a, p. 467).

Elkania Ford []886b, p. 325).

Acrothele Matthew [1880, pp. 39 and 41).

Acrotreta Walcott [1886b, pp. 107, 108, and 109).

Oboldla f Walcott [1886b. p. 111].

Oboldla Walcott [18S6b, p. 118].

Acrothele Beecher [1891, PI. XVII, fig. 12).

Lingula Hartt [1891, p. 644).

Acrothdc Walcott [1891a, pp. 608 and 609).

Oboldla Walcott [1891a, p. 612).

Oboldla Hall and Clarke [1892c, p. 70).

Acrotreta Hall and Clarke [lS92c, pp. 100 and 103).

Acrothele Moberg [1892b, p. 114).

Discina Miqiiel [1893, p. 9; 1894a, p. 106; 1894b, p.

10; 1895, p. 10].

Acrothele Matthew [1895a, p. 128, PI. V, figs. 7a-h,

andPl. V.flgs. 8a-b].

Acrothele Pompeokj [1896b, pp. 509-511 and 603).

Acrothele Matthew [1897, p. 168).

Linnarssonia Schuchert [1897, p. 262).

Acrothdc Walcott [1897b, p. 716; 1898b, p. 402].

Oboldla Hobbs [1899, p. 114].

Acrothele Matthew [1899b, p. 202).

Acrothele Grabau [1900, p. 615).

Linnarssonia ? Walcott [1901, p. 673).

Acrothele Gronwall [1902, pp. 39 and 40].

Acrothele Matthew [1902b, pp. 396, 397, 398, 400, and

402; 1902c, p. 110).

Acrothdc Walcott [1902, p. .598).

OboldU Delgado [1904, p. 364).

Acrothele Delgado [1904, p. 365].

Acrolhde f Walcott [1905a, p. 303].

Acrothele Walcott (1905b, p. 11).

Acrothele Moberg and Segerberg [1906, p. 67].

Acrothele Shimer [1907, pp. 176 and 177).

Oboldla Grabau and Shimer [1907, p. 189).

Acrothele Walcott [1908d, pp. 82-881.



ACRQTRETIDiE. 631

Acrothele Lmnarsson, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, pp. 213-214. (Copies description

given by Linnarsson, 1876, p. 20.)

Acrothele Linnarsson, Walcott, 1886, Bull. IT. S. Geol. Survey No. 30, pp. 107-108. (Copies original description

[Linnarsson, 1876, p. 20] and discusses genus.)

Acrothele Linnarsson, Obhleet, 1887, Manuel de conchyliologie, by Fischer, pp. 1269-1270. (Described in French.)

Acrothele Linnarsson, Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, pp. 249-250.

(Described.)

Acrothele Linnarsson, Hall and Clarke, 1892, Forty-fifth Ann. Kept. New York State Museum for 1891, pp. 565-566.

(Copy of preceding reference.)

Acrothele Linnarsson, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 98-101. (Copies

original description, Linnarsson, 1876, p. 20, and discusses genus.)

Acrothele Linnarsson, Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 103-105. (Dis-

tribution discussed and tabulated.)

Acrothele Linnarsson, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 200. (Described.)

Linnarssonia Grabau and Shimer?, 1907, idem, p. 200. (Described, but the only species referred to the genus {Lin-

narssonia pretiosa) is not figured, and it is impossible to tell whether the authors are discussing the L. pretiosa

that is now referred to the genus Acrotreta (Acrotreta sagittalis), or to the genus Acrothele (Acrothele pretiosa).)

Acrothele Linnarsson, Walcott, 1908, Smithsonian Misc. CoU., vol. 53, No. 4, PI. XI, and pp. 142 and 146. (Classi-

fication of genus.)

General form subcircular to transversely broad oval in outline. Ventral valve moderately

convex to subconical; a false area is usually more or less distinctly outlined on the ventral

"valve between the apex (beak) and the posterior margin; pedicle opening on the posterior

slope of the apex (or beneath the beak). The only suggestion of a true cardinal area is in

Acrothele hellula Walcott (PI. LVIII, fig. 5c); and this appears to be a broadening and slight

flattening of the posterior under edge of the shell. Dorsal valve gently convex, and some-

times nearly flat; beak minute, marginal; area known only in A. hellula Walcott (PL LVIII,

figs. 5f-h), where it is short and divided midway by a smaU, triangular false deltidium, very

much as in Acrotreta definita Walcott (PI. LXIV, fig. 2d.)

Surface marked by concentric lines and stride of growth which cross the false area of the

ventral valve; on some species there are low, rounded, radiating ridges that are usually con-

fined to the ventral valve; in addition, on some species, there is a series of more or less inoscu-

lating, irregular, fine ridges with tubercles on them, which gives a highly ornamented surface

such as occurs on some forms of Micromitra and Westonia.

The shells of Acrothele rarely exceed 13 mm. in diameter, and the average size of adult

shells is from 6 to 8 mm. Substance of shell corneous. The shell is built up of several layers

or lameUse that are usually more or less obliquely inchned to the outer surface, over the central

and outer portions.

The interior of the ventral valve has a small visceral area about the pedicle opening and

extending a short distance in front of it; in several species an elongate depression occurs on

each side and a little in advance of the pedicle opening that corresponds to the tubercle on

each side of the apex of the outer surface; frequently the shell is thickened beneath the visceral

cavity and a short ridge of varying width and length results; the edge of the pedicle opening

may be slightly thickened, which forms a callosity or apical swelling, but not to the same
extent as in the ventral valve of Acrotreta. Nothing has been seen of an area in front of the

visceral area corresponding to the trapezoidal areas of Oholus, Acrotreta, and Trematobolus, in

which the central, outside lateral, and middle lateral muscles were attached ; in fact, it is only very

rarely that the impression of the visceral area is shown. The main vascular sinuses start

from just back of the pedicle opening, and curve, one on each side, out and then forward into

the body of the valve, usually within a line drawn halfway between the center and the outer

margin of the valve; many branches from the main sinus occur in some species. The trans-

median and anterior lateral muscle scars appear to be merged in the cardinal muscle scar, situ-

ated on the outer posterolateral slope, outside of the main vascular sinuses; on one shell what
appear to be the umbonal muscle scars are preserved (PI. LXI, fig. Ic).

The interior of the dorsal valve has a median ridge of varying length and size, and main
vascular sinuses that start near the posterior margin and extend directly outward for a short

distance, and then obliquely forward in almost a direct line (PI. LVI, figs. Id and le; PI. LX,
figs. Ik and 1 1). The cardinal muscle scars are usually small and close to the posterolateral
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margin (PL LX, fig. Ik), but larger scars occur and extend farther forward into the valve (PI.

LXII, fig. If; PI. LVIII, figs. 3c, 3d, and 5h). The central and anterior lateral scars are

situated essentially as in Obolus; the former on the slopes of the median ridge and the latter

at the anterior end of the ridge.

Type.—Acrothele coriacea Linnarsson.

Observations.—The generic description is drawn up from the material studied in connec-

tion with the various species now referred to the genus. One of Linnarsson's species, Acrothele

granulata [1876, p. 24] I have taken as the type of the subgenus Redlichella on account of the

differences in the interiors of the valves.

Surface cJiaracters.—The surface characters of the various species of Aaroihele vary nearly

as much as those of Micromitra. The species may be grouped by the surface features under

three headings: (1) Striato-granulose; (2) concentrically ridged, striated, or nearly smooth;

(3) pseudopunctate.

The fii-st group, striato-granulose or radulo-granulose, includes, as now known, sixteen

species and seven varieties. The surface of the type species of the genus, Acrothele coriacea

Linnarsson, is representative of this form of surface. It has concentric lines of growth, and

a series of concentric, irregular, more or less inosculating, rounded, fine ridges upon which

minute nodes or granules occur; these granules, on some species, are more or less regularly

arranged on the ridges and appear over nearly the entire surface (PL LVI, fig. Ig), while in

others they are scattered irregularly (PL LXI, fig. 4d). On Acrothele matthewi (Hartt) (PL

LXI) and some other species the younger shells are granulated, while on the older shells the

ridges are fahly regular and only an occasional granule occurs on them. On most adult shells

with this form of surface the ridges near the margin are more regular and rarely inosculate.

This type of surface occurs also on Acrothele (Redlichella) granulata (Linnarsson) (PL LVI,

fig. 2g) and Botsfordia granulata (Redlich) (PL LVII, fig. 4r) and Botsfordia cselata (Hall)

(PLLIX, figs. Ihand lo).

The species upon which I have seen the ridges and granules are:

Acrothele avia Matthew.

avia puteis Matthew,

bergeroni Walcott.

colleni Walcott.

coriacea Linnarsson.

decipiens Walcott.

gamagei (Hobbs).

intermedia Linnarsson.

matthewi (Hartt).

matthewi eryx Walcott.

- matthewi lata Matthew,

matthewi mxilticostata Matthew.

Acrothele heUula Walcott has this type of surface, but the ridges and granules are so minute

that they are only to be seen with a very strong lens.

The second group is concentrically ridged, striated, or smooth, as far as known. I think,

however, that with better-preserved specimens some of the species now included under it would

be found to have the striato-granulose surface.

The species referred to it are:

Acrothele bohemica (Barrande). Acrothele? minuta Walcott.

borgholmensis Walcott. Acrothele nitida (Ford),

ceratopygarum (Brogger). turneri Walcott.

levisensia Walcott. woodworthi Walcott.

maculata (Salter).

On the pseudopunctate surface the union of the inosculating ridges is very regular

and the hollows or pits between the ridges are arranged in oblique lines that appear to start

on the posterolateral margins of the valves and curve obliquely forward to the opposite

Acrothele panderi Walcott.

pretiosa (Billings),

prima (Matthew),

prima costata (Matthew),

proles Matthew,

quadrilineata Pompeckj.

spurri Walcott.

subsidua (White),

subsidua hera Walcott.

subsidua Ifevis Walcott.

yorkensis Walcott.



ACROTRETID^. 633

side (PL LVII, fig. 3b) . It is the same type of surface as that of Botsfordia pulchra (Matthew)

(PI. LXII, figs. 5, 5a-c) and Micromitra (Iphidella) pannula (White) (PL IV, figs. It arxd Is).

This form of surface is represented by only one species: Acrothele bellapundata Walcott
(PL LVII, figs. 3, 3a-b).

The surface of the following species has not been definitely determined owing to the condi-

tion of preservation. I think most of them will be found to belong to the group represented

by A. coriacea Linnarsson (p. 642)

:

Acrothele dichotoma Walcott.

prlmseva (de Verneuil and Barrande).

rara Walcott.

villaboimensis Delgado.

sp. undt. a Walcott.

sp. undt. Moberg.

The group of forms described by G. F. Matthew [1903, pp. 98-103] from the "Etcheminian"
of Nova Scotia, and A. prima (Matthew) [1886, p. 41] from New Brunswick, and A. prima
costata (Matthew) [1895a, p. 128], are all closely related by their general form, usually strong shells,

and surface characters; the latter are variable but the range of variation is usually to be found
on any large, old shell, an exception being found in radiating ridges, which vary greatly and to a

certain extent depend upon conditions that affected the shell after the animal died, such as

maceration and distortion by compression and movement in the embedding sediment. The
shells above the horizon of the Paradoxides zone, represented by Acrothele matthewi (Hartt),

appear to have been affected also by the same conditions, although the sediment is usually

finer and more compact.

Pompeckj [1896b, p. 603] thought that the shell described by de Verneuil and Barrande

[1860, pp. 536-537] was probably a species of Acrothele, and probably the same as the shell

collected by Miquel. My study of Miquel's material shows that a true Acrothele is repre-

sented: A. hergeroni Walcott (PL LVIII, figs. 6, 6a-c). The other form is biconvex, calcareous,

and not a typical Acrothele. I have referred to it provisionally (p. 602) ks Botsfordia? harrandei.

Comparisons wifJi other genera.—The relations between Acrothele and Acrotreta were recog-

nized by Linnarsson [1876, p. 20] and by all subsequent authors who have had occasion to

discuss the genus. Both genera have (a) a more or less elevated ventral valve with a pedicle

opening at the summit of a more or less distinctly defined false area; (b) a moderately convex
dorsal valve with somewhat similar interior markings; (c) small visceral areas in the ventral

valve; (d) corneous shells built up of thin layers.

Acrothele differs from Acrotreta (a) in having a depressed ventral valve; (b) a faintly defined

false area in the ventral valve; (c) larger size; (d) greater variety and more highly ornamented
surface; (e) apparently more complex vascular markings; and (f) a difference in the position

of the main vascular sinuses; for the dorsal valve this is best seen by comparing Plate LX, figures

Ik and 1 1, Acrothele suhsidua (White), with Plate LXV, figures If and Ig. I have examined
many hundred specimens of the interior of dorsal valves of Acrotreta without finding any traces of

the main vascular sinus, whereas in Acrothele they are usually present. In the ventral valve the

differences are also marked, as the vascular sinuses are proportionally much larger in Acrotreta.

There are exceptions to the marked dift'erence in elevation of the ventral valve, as that

of Acrothele subsidua (Wliite) (PL LX, figs, la, Ic, and Id) is nearly as elevated as that of

Acrotreta sagittalis taconica (Walcott) (PL LXXI, figs. 1, la-e).

Acrotreta appears to be a somewhat more highly delevoped form than Acrothele, although
a smaller shell.

Geographic distribution.—Species of the Acrothele coriacea type occur in Sweden, Denmark,
Bohemia, southern France, and Portugal in Europe; in eastern North America, in Nova Scotia

and New Brunswick; in western North America in Utah, Nevada, Idaho, and Montana. Tliis

indicates the wide distribution of one specific type, and other forms extend the distribution
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far to the south in the Appalachian province, A. hellula Walcott; and to the north in Pennsyl-

Tania, A. yorltensis Walcott. The general distribution of species is given in the table (p. 105)

and the details of each species under the specific description.

StratigrapJiic range.—Acrothele is represented by eight species and one variety in the

upper portion of the liower Cambrian in association with Olenellus or alhed forms of trilobites,

but in no instance has it been found low down in the Lower Cambrian. In the Middle Cambrian
twenty-one species and six varieties occur, and there the genus attained its widest distribution

and greatest development. One species, A. horgholmensis Walcott, occurs in strata of the

Geratofyge zone, and three species in Lower Ordovician formations. Of the latter, A. ceratopy-

garum is not a typical form of Acrothele. (See p. 640.)

Acrothele artemis Walcott.

Text figure 54.

Acrothele artemis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 82, PI. VIII, fig. 10. (Described and
discussed as below as a new species. Fig. 10 is copied in this monograph as fig. 54.)

General form of ventral valve moderately convex; subcircular and somewhat obtusely

acuminate in outline; apex near the posterior margin; pedicle opening urLkno^vn, but from the

occurrence of a small boss on the inside of the shell beneath the

apex it was probably of the same character as in closely related

species.

Surface marked by concentric lines and small ridges of growth,

and an irregular system of fine granules on the concentric ridges;

in the lower interspaces there is an irregular distribution of very

minute inosculating ridges that, with the tubercles, form a surface

independent of the concentric growth lines. The shell is built up
i-iGUEE 5i.-Acrotheie artemis Walcott. of numerous lamellse beneath the outer surface layer and appears

A, A', Ventral valve with the apex , , ipiij.r'Ti
broken. The specimen is from Lo- to liave been comeous, or composcd 01 phosphatc or ume and
cality 5b, Middle Cambrian lime- chitin.
stones in Twomile Canyon, south- mi i j. i ii i i ii, J 'l-H « in j.1

east of Maiade, Oneida County, I he largest shcll has a length and Width ot 10 mm.; the apex
Idaho, (u. s. Nat. Mus. Cat. No. ig about 2 mm. from the posterior margin; dorsal valve unknown.

,. . 51969.) The figure is copied from ^v ,• nii • t i • c a ,t i

Walcott, i908d, PI. vm, fig. 10. Observations.—ims species resembles m iorm Acrothele pnma
costata (Matthew) (PI. LXI, figs. 4 and 4a), and both species have

a granular surface. The latter species, however, has a thinner sheU, and its surface is marked
by much larger granules. I know of no other closely related species.

Formation and locality.—Middle Cambrian: (5b) Dark blue-gray Langston limestone [Walcott, 19081, p. 198],

just above the Cambrian quartzitic sandstones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) south-

east of Maiade, Oneida County, Idaho.

Acrothele avia Matthew.

Plate LXI, figures 7, 7a-b; Plate LXII, figures 1, la-k.

Acrothele avia Matthew, 1899, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 18, pp. 202-203, PI. Ill, figs,

la-h. (Described as a new species. The specimens represented by figs. Ic and If are redrawn in this mono-

graph, PI. LXI, figs. 7a and 7b, respectively.)

Acrothele avia Matthew, 1902, idem, pt. 5, No. 20, pp. 396-398, PI. XVI, figs. 7a-b; PI. XVII, figs, la-f and 2a-b.

(Described and discussed. PI. XVII, figs, la-f, and PI. XVI, figs. 7a-b, are copied fi-om Matthew, 1899b, PL
III, figs. la-h. The specimens represented by figs. 2a and 2b are redrawn in this monograph, PI. LXI, fig. 7,

and PL LXII, fig. li, respectively.)

Acrothele abavia Matthew, 1902, idem, pp. 398-400, PL XVI, figs. 3a-d and 4a-b. (Described and discussed as a new
species.)

Acrothele avia Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Kocks Cape Breton, p. 55. (Notes on orienta-

tion of valves.)
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AcrotTiele avia Matthew, 1903, Geol. Survey Canada, Eept. Cambrian Rocks Cape Breton, pp. 98-99, PI. V, figa.

la-f and 2a-b. (Described and discussed essentially as in Matthew, 1902a, pp. 396-398. Figs, la-f are copied

from Matthew, 1899b, PI. Ill, figs, la-f; figs. 2a and 2b are copied from Matthew, 1902a, PL XVII, figs. 2a and

2b, respectively.)

Acroihele abavia Matthew, 1903, idem, pp. 100-101, PI. IV, figs. 3a-d and 4a-b. (Described and discussed as in

Matthew, 1902a, pp. 398-400. Pigs. 3a-d and 4a-b are copied from Matthew, 1902a, PI. XVI, figs. 3a-d and

4a-b, respectively.)

This is a strong shell of the Acrothele matthewi (Hartt) type. The adult shells are some-

what thicker, the surface is a httle different, being coarser, and the callosity in front of the

pedicle opening is longer and larger than in A. mattJiewi or its varieties. Matthew [1902a,

p. 396] gives as one of the most marked distinctions of this species the presence on the sides

of the dorsal valve of "about a dozen radiating, branching, crenulated ridges that extend

to the margin." With all of Matthew's types before me, I find one bit of rock with two ventral

valves, one partly overlapping the other; on these the radiating ridges not only occur on the

sides, but also over the middle of the shell, and where a bit of the shell is broken off the ridges

are clearly impressed on the cast of the interior; this specimen is labeled as one of the original

types of the species; a second ventral valve preserving a part of the exterior surface also shows

traces of radiating ridges. Another type specimen shows part of the exterior surface and

the cast of the interior, but there is no trace of a radiating ridge on the outer surface or cast;

seven specimens of the dorsal valve on which the outer layer is exfoliated show no traces of

the radiating ridges. I find further that the dorsal valves on which the radiating ridges occur

are very thin and hence liable to be flexed by lateral pressure, developing surface ridges on
the fines of radiating striae that occur on the inner layers of nearly all sheUs of Acrothele. On
the ventral valve a few radiating ridges occur on one of the specimens (PL LXI, fig. 7) ; another

specimen, laterally compressed, shows many such ridges (PI. LXI, fig. 7a). Other specimens

are without exterior traces of ridges, but when the shell is exfoliated, numerous fine, radiating

striaB with stronger and deeper strise at wider intervals are to be seen. I have taken up this

matter of the radiating ridges at length, as I do not consider the side ridges on the dorsal valve

of Acrothele avia sufficient to separate it from other species to wlfich it is closely related.

The surface is formed of fine, irregular, concentric, rounded ridges that frequently inoscu-

late ; these ridges are crenulated by fine depressions which cross them and thus outUne tubercles

or rounded points of varying height and size, depending upon the depth of the radiating cross

depressions; this type of surface gives great variety to different parts of the shell and to dif-

ierent sheUs. As far as I can determine by the use of a strong lens (three-quarter inch) it

is essentially the same type of surface as that occurring on Acrothele matthewi (Hartt) and
related species, one of which is shown by Plate LXI, figure 4d.

At the apex of one of the specimens of the ventral valve in Matthew's collection there

Are two minute elongate tubercles with a narrow depression between them, and on the pos-

terior slope there is an oval pedicle opening with the narrow end nearest the apex; a low,

narrow ridge, that divides the obscure false area midway, extends from the opening to the

posterior margin.

"Acrothele abavia" Matthew does not appear to vary specifically from the forms of

Acrothele avia in wlfich the radiating ridges are absent. The specimens occur in a little coarser

sediment, and on this account are not well preserved. Matthew [1902a, p. 399] speaks of a

smaU tubercle in front of the pedicle opening and "the visceral callus that extends half of

the length of the shell" of the ventral valve; such a tubercle occurs on the only two specimens

of A. avia weU enough preserved to show the interior of the ventral valve. I do not find the

elongate visceral caUus on any specimens of the ventral valve in Matthew's collection; some
specimens do show a short caUosity similar to that in A. avia. After a very careful study

of aU the specimens, also of a large collection from the same locality and strata belonging to

the United States National Museum, I am led to think that Matthew nustook the median
ridge of some dorsal valve in which the posterior portion was broken away as the visceral

callosity of the interior of a ventral valve ; this befief is further strengthened by his statement

[1902a, p. 399]: "On each side of the callus a groove runs out toward the front margin. Some
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examples show a median and two lateral septa in front of the callus.'' (See interior of dorsal

valve as shown by PL LXII, fig. Ig.) In the United States National Museum collection, from

Matthew's horizon E3a, I find 13 interiors of the ventral valve with short "callus" and 10

typical exteriors, also 22 dorsal valves. There are also fair specimens from horizons 3d and

3e. The shells of horizon 3a have the oblate form of Acrothele avia found at horizons 3d and Be.

Acroihele avia differs from Acrothele proles Matthew in having the apex of the ventral

valve a httle nearer the posterior margin, but not so near as that of Acrothele prima (Matthew).

Formation and locamty.—Middle Cambrian: (13d'') Sandstones 10 feet (3 m.) below Di-vision E2a; (13d and

13d') sandstones opposite the thii-d waterfall in Dugald Brook, between Divisions E2a and E2b; (lOp) sandstone just

below the waterfall in Di\dsion E2b; (131 and 131') sandstones of Division E3a; (344 [Matthew, 1903, p. 81]) sandy

shales of Division ESb; (344a [Matthew, 1903, p. 26]) sandy shales of Division ESc; (344b [Matthew, 1903, p. 81])

sandy shales of Division E3d; (13n')a sandstones of Division ESe; and (13n) sandstones of Division E3f; all in Mat-

thew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

(13m) Sandstones of Division E3f of Matthew's [1903, p. 76] Etcheminian, on Gillis Brook, Indian River; and

(lOp") sandstone on the small brook on the hill between the bridge over Indian River and McPhees Brook; both in

eastern Cape Breton, Nova Scotia.

Acrothele avia puteis Matthew.

Acrothele avia-puteis Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 398, PI. XVI,

figs. 5a-b. (Characterized as a new variety.)

Acroihele avia-puteis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 100, PI. IV, figs.

5a-b. (Characterization and figures copied from preceding reference.)

This seems to be a variety of Acrothele avia Matthew. It differs in the possession of a pair

of pits, one of which lies on each side of the space between the foramen and the visceral callus,

partly overlapping each. The visceral callus is quite short in this form and has but little promi-

nence. The ridges on the surface of the shell are more regularly concentric than in the type,

and more sharply cut; about ten are found in the space of 1 millimeter. The cardinal area is

curved forward toward the top, and finely striated. The foramen is about a fifth of the length

of the valve from the cardinal line, and the front of the callus about a third. Vascular trunks

and branches are visible on the surface of the ventral valve as in J., avia. The dorsal valve

does not sensibly differ from that of A. avia.

The largest valve seen was 8 mm. long and about the same width.

The typical specimens of the ventral valve of Acrothele avia puteis are slightly different from

those of Acrothele avia, but not sufficiently so to show clearly in an illustration. The pits

beside the median line, between the pedicle aperture and the visceral callosity, do not appear

in the specimens of the species, and indeed the condition of the material is such that probably

they could not be distinguished if originally present. The visceral callosity is shorter and

much like that of Acrothele matthewi (Hartt).

Foemation and locality.—Middle Cambrian: (13m) Sandstones of Division E3f of Matthew's [1903, p. 76]

Etcheminian, on Gillis Brook; and (344c [Mattheio, 1903, p. 100]) sandy shales of Division ESd of Matthew's Etche-

minian, on Gregwa Brook; both in the Indian River valley, eastern Cape Breton, Nova Scotia.

Acrothele bellapunctata Walcott.

Plate LVII, figures 3, 3a-b.

Acrothele bellapunctata Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 82-83, PI. VIII, figs. 9 and 9'.

(Described and discussed as below as a new species. Figs. 9 and 9' are copied in this monograph, PL LVII,

figs. 3 and 3b, respectively.)

General form a broad transverse oval with the posterior side slightly flattened and arched

upward for a short distance below the apex. Ventral valve convex near the umbo and nearly

flat over the anterior portion of the valve; apex near the posterior margin. Foraminal aper-

ture apparently at the apex above a short, not distinctly marked, false area. Ventral valve

nearly flat and with the posterior margin curved downward so as to fill the space caused by

a 13n' is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected later than the type specimens.
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the upward arching of the margin of the ventral valve. Surface of shell beautifully ornamented
by elevated sharp oblique lines with deep interspaces that give a strongly punctate appear-

ance to the shell; concentric undulations and ridges of growth also occur in a more or less

irregular manner. The inner layers or lamellae are marked by fine, concentric, and rather

strong radiating lines. The shell is built up of numerous thin layers or lamellae of a corneous

appearance.

A slightly compressed ventral valve has a length of 5 mm. with a width of 6.5 mm, A
ventral valve is 4 mm. in length with a width of 5 mm.

Observations.—This is one of the most beautifully ornamented species of the genus. Its

surface is not unlike that of some varieties of Micromitra (LpJiidella) pannula (White). In
form it suggests Acrothele (RedlicJieTla) granulata (Linnarsson). Nothing is known of the

interior character of the valves.

Formation and locality.—lower Cambrian : (8v) Shales in upper portion of Holmia kjerulfi zone, Ringsaker,

Province of Hedemarken, Norway.

Acrothele belltila Walcott.

Plate LVIII, figures 5, 5a-h.

Acrothele bellula Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, pp. 716-717, PI. LX, figs. 4, 4a-e. (Described and
discussed as a new species. Figa. 4, 4a-e are reproduced (with slight changes) in this monograph, PL LVIII,
figs. 5, 5a, 5c, 5f-h, respectively.)

General form transversely broad oval, with the posterior margin slightly transverse.

Ventral valve slightlj'' conical with the apex between the posterior seventh and eighth of the

length of the valve; the slope from the apex to the posterior margin is about 45° and to the

front at a low angle after passing from the steeper slope adjoining the apex. On each side

of the apex there is an elongate, sharp tubercle, and just back, a minute pedicle opening. A
shghtly outlined triangular false area begins at the pedicle opening and extends to the posterior

margin; it is divided by a faint, narrow, rounded ridge. Dorsal valve moderately convex, with
the umbo broad, and beak at the posterior margin.

The exterior surface is marked by concentric lines of growth that cross the area of the

ventral valve. The ventral valve has numerous low, narrow, obscm-e radiating ridges, and
an extremely minute series of irregidar, concentric, inosculating elevated lines that give the

surface a roughened appearance under a strong lens.

Substance of the shell in appearance corneous. The largest shell in the collection is repre-

sented by a dorsal valve; this has a length of 6 mm.; width, 7 mm.
The casts of the interior of the ventral valve are very good; they show that the sheU was

thick over the umbo, that the cast of the pedicle opening was cone-shaped (PI. LVIII, fig.

5b), and that on each side just in front of the base of the opening there was a short, narrow
depression corresponding hi position to the tubercles on the outer surface. Back of the cast of

the opening the false area is rather strongly defined, also the cast of the hollows occupied by the
cardinal muscles; the main vascular sinuses originate just back of the pedicle opening and arch
forward toward the anterolateral margins of the shell (PL LVIII, fig. 5e) ; usually they have
left no impression on the shell in advance of the visceral area; the visceral area is short and
fairly well defined on some specimens (fig. 5d). Nothing is known of the muscle scars of the
ventral valve except the position of the cardinal scars.

The cast of the interior of the dorsal valve is most interesting, as a true area similar to that

of Acrotreta definita Walcott (PI. LXIV, fig. 2d) and Acrotreta liutorgai Walcott (PI. LXV, fig. 3j)

is clearly shown; the area is short and divided midway by a triangular space, the lateral,

slightly elevated sides of winch project a little into the valve beyond the front margin, very
much as in Oholella ailantica Walcott (PI. LV, fig. le) and 0. crassa (Hall) (PI. LIV, fig. 2g).

A median ridge extends from in front of the area to the anterior third of the valve; it has a

narrow, low, median septum on its posterior half, and two central muscle scars (h) on its outer
slopes a httle back of the center of the valve; the anterior lateral muscle scars (j) are a little in
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advance of the centrals, close to the median ridge and smaller than the centrals; the main
vascular sinuses are very faint beyond where they come forward into the body of the valve;

back toward the posterolateral margin of the valve small cardinal scars occur at about the same
distance from the center of the area as the central scars are in front of it.

Observations.—This species is so strongly marked in its ventral valve by the pointed tuber-

cles beside the apex, the cone-shaped pedicle passage through the shell, and distinct visceral

area, and in the dorsal valve by a well-defined area and small cardinal muscle scars far out

on the cardinal slope, that it can not readily be confused with any known species.

Formation and locality.—Middle Cambrian: (94x) Shales 0.06 mile (0.1 km.) soutli of Givens Mill, Cowan
Creek, about 8 miles (12.8 km.) southeast of Center; and (90x) in and attached to the outer surface of siliceous nodules

in the Conasauga ("Coosa") shale, Coosa Valley, east of Center; both in Cherokee County, Alabama.

ACROTHELE BEEGEEONI Walcott.

Plate LVIII, figures 6, 6a-c.

La Disdna Miqxtel, 1893, Note sur la G6ologie des Terrains Primaires du D^partement de I'H^rault, St. Chinian h,

Coulouma, p. 9. (Mentioned in French.)

'La Biscina Miquel, 1894, Bull. See. d'Etude Sci. Nat. B^ziers for 1893, M6m. Compt. Rend, des Stances, vol. 16,

1894, p. 106. (This article is a copy of the preceding reference which was published as a separate.)

La Disdna Miquel, 1894, Note sur la Geologie des Terrains Primaires du D^partement de I'H&ault, le Cambrian et

I'Arenig, p. 10. (Mentioned in French.)

La Disdna Miquel, 1895, Bull. Soc. d'Etude Sci. Nat. Bfeiers for 1894, M^m. Compt. Rend, des Seances, vol. 17,

1895, p. 10. (This article is a copy of the preceding reference which was published as a separate.)

Acrothele Pompeckj (in part), 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45, Hft. 3, p. 603. (Discussed in

German, changing generic reference; see under Botsfordia ? barrandei, p. 603, for copy.)

Acrothele bergeroni Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 83-84, PL VIII, fig. 11. (Described

and discussed as below as a new species. Fig. 11 is copied in this monograph, PI. LVIII, fig. 6c.)

All the specimens representing this species are flattened by compression in the argillaceous

shale, also more or less distorted. The outline of figure 6 (PL LVIII) is probably the nearest

the original outline of the ventral valve, and figure 6c of the dorsal. A ventral valve 6 mm.
in length has the apex 1.5 mm. from the posterior margin. A cast of the interior of a ventral

valve (PL LVIII, fig. 6b) indicates a relatively large interior opening for the pedicle tube;

a short, small visceral cavity with the shell thickened so as to form a short ridge; and an obscure

false area; also that the posterior margin is arched sHghtly above the plane of the margin of

the valve. An exterior cast shows the impression of a minute elongate tubercle on each side

of the apex, and a small pedicle opening just back of them. A cast of the interior of a dorsal

valve shows a short median ridge, and the posterior portion of the main vascular sinuses.

The exterior cast shows that the surface was marked by small concentric ridges and lines

of growth, a few low, obscure, rounded, radiating ridges, and fine granulations or tubercles

on very minute, irregular, more or less inosculating concentric ridges, or the same type of

surface as that of Acrothele coriacea Linnarsson. If these shells were found at the same horizon

in Sweden as A. coriacea I think they would be referred to that species except that the apex

of the ventral valve of the French species is much nearer the posterior margin; more perfect

specimens would probably show other differences.

This species appears to differ from Acrothele quadrilineata Pompeckj and A. iohemica

(Barrande) by the more anterior position of the apex of the ventral valve.

In response to a request for permission to study the Cambrian brachiopods that he had

collected from Montague Noire, Mr. Miquel very courteously sent me a number, and among
them I found this species, and, with his permission, have described it.

It gives me pleasure to give the specific name in recognition of the discovery by Prof. J.

Bergeron of the Middle Cambrian fauna of Herault, and his fine work on the fauna.

Formation and LOCALrry.—Middle Cambrian: (343 [Miquel, 1893, p. 9]) Shales in Montague Noire, Coulouma,

Department of Herault, France.
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AcEOTHELE BOHEMiCA (Barrande)

.

Plate LVII, figures 1, la-d.

Oholusf bohemicus Barrande, 1879, Systems siliirien du centre de la Boheme, vol. 5, pt. 1, PI. CII, figs, vn: 1-3.

(Not described, but figured as a new species. Figs, vn: 1-2 are reproduced in this monograph, PI. LVII, figs.

1 and la, respectively.)

Acrothele bohemica (Barrande), Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 107. (Merely changes generic

reference.)

Acrothele bohemica (Barrande), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 101.

(Suggests reference to Acrothele.)

Acrothele bohemica (Barrande), Pompbckj, 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45, Hft. 3, pp. 509-511,

PI. XIV, figs. 7-15. (Described and discussed in German. Figs. 8b, lib, and 10b are reproduced in this

monograph, PI. LVII, figs, lb, Ic, and Id, respectively.)

Barrande did not publish a description of this species, but Pompeckj [1896b, p. 509] gives

an extended description based on a large number of specimens. From this and the accom-

panying illustrations it appears that the general form is much like that of Acrothele coriacea

Linnarsson. It differs from the latter in having the apex nearer the posterior margin and

in having a concentrically striated surface and undulating hnes instead of granulose surface;

these characters also distinguish A. bohemica from A. {BedlicKella) granulata (Linnarsson).

The student should carefully examine the series of figures accompanying Pompeckj's descrip-

tion as well as those of Barrande. Copies of the latter are inserted on Plate LVII, figures 1

and la, and copies of Pompeckj's figures on Plate LVII, figures lb, Ic, and Id.

The posterior position of the apex of the ventral valve suggests in this respect Acrothele

prima (Matthew) (PI. LXI, fig. 6) and Acrothele prima costato ' (Matthew) (PI. LXI, figs. 4

and 4a) , but in surface characters and outUne of the valves the species differ, as indeed they do

in the apex of A. prima being nearer the margin than that of A. bohemica. Comparison should

be made with A. quadrilineata Pompeckj, which is closely allied to this species.

The specific name is derived from Bohemia.

Formation and locality.—Middle Cambrian: (345 [Pompeckj, 1896b, p. 509]) Greenish shale in the Paradoxides

zone, on the Dlouhd Hora, above the brook of Sbirov, near Skrej; (345a [Pompeckj, 1896b, p. 511]) shales in the Para-

doxides zone, on the right bank of the brook of Kardsek, near Tejfovik; (3451) [Pompeckj, 1896b, p. 511]) in the

"Bande de Jinec," at Felbabka and Jinec; and (345c) in Etage C [Barrande, lS79b, PI. CII], at Mleschitz; all in Bohe-

mia, Austria-Hungary.

ACEOTHELE BOEGHOLMENSIS Walcott.

Plate LXIII, figures 2, 2a-b.

Acrothele borgholmensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 84-85, PL VIII, fig. 12. (De-

scribed and discussed as below as a new species. Figs. 12 and 12' are copied in this monograph, PL LXIII,
figs. 2 and 2a, respectively.)

General form subcircular to broad oval. Ventral valve subcortical, with the apex a short

distance back of the center. A clearly defined false area extends from the apex to the margin
;

it is defined by a shght depression and a low ridge at the outer edges ; two or three longitudinal

Hnes extend to the margin, and the concentric Hnes of growth of the shell cross it without inter-

ruption. An elongate, small foraminal aperture occurs just back of and beneath the apex.

The outer surface of the shell is of a dull, dark color, and marked by sHghtly undulating,

clearly defined, concentric strias; the inner layers are marked by fine radiating and concentric

fines. The shell is built up of tliin lamellae arranged in concentric layers that are sHghtly

obHque to the surface layer. Shell substance corneous. Nothing is known of the interior

of the valves except tlie sharp median ridge of the dorsal valve.

The largest specimen has a diameter of 4 mm.; the average size is about 3 mm.
Observations.—The convexity, position of tlie apex, and clearness of the false area depend

upon the degree of compression and distortion the shells have received. I have described

what appears to be the uninjured shell.
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The subcentral position of the apex seems to distinguish this species. It is associated

with Oholus {Broggeria) salteri (Holl) and Lingulella lepis (Salter)

.

The specific name is derived from Borgliolm, the type locaHty.

FoEMATiON AND LOCALITY.—Tipper Cambrian: (310d) Ceratopyge slate at Borgholm, Oeland Island, Sweden.

ACEOTHELE CERATOPYGARUM (BrOggCr) .

Plate LXIII, figures 1, la-c.

Discina (Acrotretaf) ceratopygarum Brogger, 1882, Die siliirischen Etagen 2 und 3, p. 47, PI. X, figs. 1, la-b. (De-

scribed in German. Figs, la and lb are reproduced in this monograph, PI. LXIII, figs. 1 and la, respectively.)

Acrothele ceratopygonum Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 598. (Mentioned in discussion of Acrotreta

seebachi.)

Acrothele ceratopygarum (Brogger), Mobeeg and Segeebbrg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 2

(Aitryck ur K. Fysiografiska Sallskapets Handl., N. F., Bd. 17), p. 67. (Mentioned in Swedish.)

Acrothele barbata Moberg and Segerbbeg, 1906, idem, pp. 67-68, PI. Ill, figs. 7-10. (Described and discussed in

Swedish as a new species.)

Ventral valve conical, with eccentric apex. False area well defined and marked midway
by a narrow, slightly elevated ridge that does not extend quite to the margin of the shell; on

the interior of the shell a narrow furrow extends nearly to the margin where it is cut off by
a transverse ridge just witliin the margin. Foraminal aperture minute, situated at the top

of the false area just below the apex; in the exfoliated shell it appears to be elongate. The
outer surface of the shell appears in a cast to be nearly smooth; the inner layers or lamellae

are marked by fine concentric and radiating lines. A cast of the interior shows a very small

visceral area just in front of the apex, and a cardinal muscle scar on each side of the median

line back of the cast of the foraminal opening. The two ventral valves measure 5 mm. in

diameter; height, about 2 mm.
From Moberg and Segerberg's description [1906, p. 67] of the dorsal valve of Acrothele

'barbata the following is taken: "The dorsal valve is nearly flat, or with the posterior and cen-

tral parts slightly arched; beak marginal." The interior shows a few traces of muscle scars.

The interior of the ventral valve shows the main vascular sinuses and branches very much as

in Acrothele coriacea Linnarsson (PI. LVI, figs, la. Id). These authors give the dimensions

of one of the larger shells as, length, 5.25 mm.; width, 6 mm.; elevation, 1.5 mm.
Observations.—Through the courtesy of Doctor Brogger I have had the opportunity of

studying the type specimens of this species. One of them is illustrated (PL LXIII, fig. Ic),

and I have also copied two of Brogger's figures. The species is related to Acrothele borghol

. mensis Walcott from the Ceratopyge slate, but differs in the character of the false area and

median ridge of the latter. It is also a larger and more convex form.

Specimens from Vestfossen, Norway, one of which is illustrated on Plate LXIII, figure lb,

have the same form as the shells described by Moberg and Segerberg under the name of Acro-

thele barbata [1906, p. 67], and I find bits of the outer shell showing the "coarse, irregular,

anastomosing, concentric ridges" characteristic of Acrothele barbata; a little trace of the marginal

fringe is also shown on one specimen. The fact that the two species occur at the same strati-

graphic horizon in Sweden and Norway, and the fact that they have the same specific characters,

lead me to place A. barbata as a synonym of Brogger's A. ceratopygarum.

This species derives its specific name from its occurrence in the Ceratopyge limestone.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (3231i [Brogger,

1882, p. njj blue Ceratopyge limestone, at Vestfossen, 10 miles (16.1 1cm.) west-southwest of Christiania, Norway.

(310 [Moberg and Segerberg, 1906, p. 67]) Ceratopyge limestone (zone 4), at Ottenby, on Oeland Island, Sweden.

[
Acrothele colleni n. sp.

Text figures 55A-E, page 641; Plate LXIII, figures 6, 6a-b.

This species is represented by numerous specimens of both valves, but only the exterior

of the valves is known. The ventral valve is subcorneal, with the apex a little in front of the
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posterior third; the slope from the apex to the posterior margin is about 45° and that to the

anterior margin 20°. The posterior slope is marked by a rather clearly defined false area,

which is slightly flattened, and marked midway by a very slight depression; the apical opening

is small, oval in outline, and situated on the posterior side of the apex. On finely preserved

specimens the front and sides of the apical opening have a narrow, slightly elevated ridge,

and a trace of a small tubercle on each side at the anterior end of the opening; the posterior

margin arches very slightly beneath the false area. The dorsal valve is moderately convex,

and most prominent on the umbo, with the apex at the posterior margin.

One of the largest ventral valves has a length of 9 mm.; width, 10 mm. The dorsal valve

has a length of 7 mm.; width, 8 mm. These proportions vary somewhat as the shells are

more or less distorted by compression in the shale. Shell substance corneous.

The exterior surface is marked by very fine, concentric ridges of growth, with depressed

and elevated lines between them; there are also numerous low, rounded, narrow, radiating

ridges that vary in strength and number on different specimens; on some shells there is hardly

a trace of the radiating ridges, and on others they are numerous, especially on the sides; one

dorsal valve shows nine on each side, with a few scattered through the central portion in addi-

tion to the concentric and radiat-

ing lines ; there is also a system of

exceedingly minute and irregular,

more or less inosculating, but, as

a whole, concentric ridges, upon
which very minute tubercles oc-

cur. These are most perfect over

the posterior half of the shell, but

extend in many examples to the

front margin.

A cast of fhe apical portion

of the dorsal valve shows that the

pedicle aperture enlarged as it

passed through the shell, and

that the visceral area was short.

Observations.—This species is

of the Acrothele coriacea Linnars-

son type. It has the same sur-

face, except that the irregular,

concentric ridges and tubercles

are finer.

The Lower Cambrian specimens from British Columbia appear to be identical with those

from Montana and they are associated with the same subfauna, of which ATbertella helena

Walcott is considered to be typical. The shells from the Middle Cambrian, wliich occur 2,450

feet higher in the section on Mount Stephen, have the same form and surface markings and
appear to be identical in all respects. It is interesting to note that Micromitra {Tpliidella)

pannula (White) has a similar vertical range.

The specific name is given for Mr. M. Collen, of White Sulphur Springs, Montana, who
collected the finest specimens at the locality on Scapegoat Mountain, Montana.

Formation and locality.—Middle Cambrian: (14s) About 2,300 feet (701 m.) above tlie Lower Cambrian and
2,700 feet (823 m.) below the Upper Cambrian, in the Ogygopsis zone of the Stephen formation [V^'alcott, 1908f, p. 210],

on the northwest slope of Mount Stephen, above Field on the Canadian Pacific Railway, British Columbia, Canada.

(4q) About 315 feet {96 m.) above' the unconformable base of the Cambrian and 190 feet {57.9 m.) above the top of the

quartzitic sandstones, in a shale which corresponds in position to the upper part of shale No. 6 {Lower Cambrian) of the

Dearborn River section [Walcott, 1908f, p. 202] on the ridge between Cordon and Youngs creeks, about halfway between

Gordon Mountain and Cardinal Peak, Ovando quadrangle { U. 8. Geol. Survey), Powell County, Montana.

62667°—VOL 51, pt 1—12 41

/

C
Figure 55.

—

Acrothele colleni n. sp. A, Slab showing a ventral and a dorsal valve (U. S.

Nat. Mus. Cat. No. 51410a). B, Broken ventral valve showing false area (U. S. Nat.

Mus. Cat. No. 51410b) (X about 4). C, A much larger ventral valve than that represented

by B (U. S. Nat. Mus. Cat. No. 514100). D, Cast of a ventral valve shomng the incurv-

ing of the flexure lines across the false area (U. S. Nat. Mus. Cat. No. 51410d) (X about 4).

E, Dorsal valve (U. S. Nat. Mus. Cat. No. S1410e).

The specimens represented are from Locali.ty 35c, a drift block of Lower Cambrian
shales, on the slopes of Mount Bosworth, on the Continental Divide, 1 mile (1.6 km.) east

of Hector, British Columbia.
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Lower Cambrian: (57e) About 115 feet (35 m.) below the Middle Cambrian, in limestone correlated with the top

of Ic of the Mount Whyte formation on Mount Bosworth [Walcott, 1908f, p. 213], just above the tunnel on the north

shoulder of Mount Stephen, about 3 miles (4.8 km.) east of Field, British Columbia; (35c) drift blocks supposed to

have come from the Mount Whyte formation [Walcott, 1908f, p. 214], foimd on the south slope of Mount Bosworth, a

short distance nortliwest of the Canadian Pacific Railway track between Stephen and Hector, eastern British Columbia;

and (35e) about 270 feet (82.3 m.) below the Middle Cambrian, in a greenish siliceous shale correlated with No. 3 of

the Mount Whyte formation on Mount Bosworth [Walcott, 1908f, p. 214], in the amphitheater between Popes Peak and

Mount Whyte, about 3 miles (4.8 km.) northwest of Lake Louise, southwest of Laggan on the Canadian Pacific Railway,

Alberta, Canada.

(4v) About 200 feet (61 m.) above the unconformable base of the Cambrian and 75 feet (22.9 m.) above the top of

the cjuartzitic sandstones, in a shale which corresponds in stratigraphic position to shale No. 6 of the Dearborn River

section [Walcott, 190Sf, p. 202], on Gordon Creek, G miles (9.6 km.) from South Fork of Flathead River, Ovando quad-

rangle (U. S. Geol. Survey), Powell County, Montana.

AcROTHELE CORIACEA Liiuiarssoii.

Plate LVI, figures 1, la-i.

Acrothele coriacea Linnaesson, 1876, Bihang till K. svensk Vet.-Akad. Handl., Bd. 3, No. 12. pp. 21-23, PL IV, figs.

44-^8. (Described and discussed in English as a new species.)

Acrothele coriace Linnarsson, Broggee, 1878, Nyt Magazin for Naturvidenskabeme, Bd. 24, Hft. 1. p. 76, PL IV,

fig. 11. (Mentioned.)

Acrothele coriacea Linnarsson, Geonwall, 1902, Danmarks geol. Undersffgelse, Rsekke 2, No. 13, p. 40. (Localities

mentioned in Norwegian.)

General form subcircular to transversely broad oval in outline, with the posterior margin

slightly transverse. Ventral valve slightly conical with the apex usuall}^ witliin the posterior

fourth of the distance from the front to the back margin. The apex, as usually seen, is foniied

of two minute, elongated tubercles with a narrow, elongate depression between them; at the

posterior end of tliis depression a minute pedicle aperture occurs; on some shells the two

minute tubercles unite in front so as to form a ring with a break at the back side just behind

which the pedicle aperture opens. The size of the tubercles and median depression varies in

different shells, and also with the amount of exfoliation of the outer shell. In some examples

when the shell is nearly all exfoliated at the apex and umbo the two tubercles are ])rominent

and a third tubercle occurs back of them which is the cast of the inner portion of the foraminal

tube. A narrow false area is faintly defined on some shells and more distinctly on others. A
median line often extends from the foramuial aperture to the margin. Casts of the interior show

a much more distinctly defined false area, also that it is impressed in the shell. The striae of

growth cross the area without interruption except as they curve slightly upward at the center

on some shells. Linnarsson [1876, p. 21] states that there is no trace of a longitudinal groove

as in Acrotreta suhconica Kutorga; this is true of most specimens, but on others from the Para-

doxidesforchhammeri zone, I find a narrow line and on others a curving upward of the concentric

striae at the median line. The dorsal valve is slightly convex near the umbo, from which it

curves rather abruptl}^ down to the posterior margin and in some shells the lateral and anterior

margins curve up a little, leaving a slightly concave surface between the margins and the umbo.

The apex is near the posterior margin; it is divided midway by a narrow furrow so as to form

a narrow elongate tubercle on each side. On some shells a slight depression or flattening

extends to about the middle of the valve.

The exterior surface is marked by concentric lines and striae of growth and slight undula-

tions or ridges on the older shells ; a few rather faintly indicated, radiating costae occur on some
examples of the ventral valve. Linnarsson [1876, p. 21] describes the outer surface as being

rough, somewhat like leather. With a strong magnifier I find this to be caused by a minute

granulation on fine, irregular, slightly elevated striae. The shiny inner layers of the shell

are marked by concentric lines and very fine radiating lines.

The shell is corneous and built up of numerous thin layers or lamellae so as to form a

sheU that is strong at the umbo and thin toward the margins. The largest ventral valve in
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tM material -available has a length of 8 mm. and a width of 10 mm. The average size is

fmm 5 to 6 uaca. in length, with a greater width.

The Ulterior of the ventral valve shows a rounded, slightly depressed visceral area, which

forms a semicircular area about the well-defined apical callosity and pedicle opening; back of

the latter the false area is usually clearly defined. From each side and a little back of the

pedicle opening in the ventral valve a rather strong main vascular sinus arches outward and

then forward to the anterior half of the valve, where it divides into two or more branches;

numerous lateral sinuses branch off and extend nearly to the margin, and a few shorter branches

extend toward the central section. In the dorsal valve the vascular markings include the

main vascular sinuses, which extend obliquely forward and outward, and an elaborate series

of canals that originate in advance of the visceral area (PI. LVI, figs. Id and If).

Our information as to the muscle scars of the ventral valve is limited to a suggestion of

small cardinal scars on each side of the false area a little back of the main vascular sinuses.

In the dorsal valve small cardinal scars (cl) occur on each side of the median ridge back of

the base of the main vascular sinuses ; small centrals (h) also occur on each side near the

anterior end of the median ridge.

Observations.—The above description is made from the study of a large number of speci-

mens from several locahties in Sweden, and a fine locality on Bornholm Island, Denmark.

It differs somewhat from Linnarsson's [1876, p. 21], chiefly as the result of my having more
and somewhat better preserved material for study. He describes an umbonal muscle scar

in the dorsal valve, but from his illustration [1876, PI. IV, fig. 48b] I am inclined to think that

the scar is only a bit of the false area, the inner shell having been exfoliated.

The relations of the species are with Acrothele {Redlicliella) granulata (Linnarsson) , from

which it differs in smaller average size, more finely granulated surface, and, what is of more
value, in the form of the muscle scars of the dorsal valve.

This type of Acrothele is widely distributed. It is represented in Bohemia by A. hohemica

(Barrande) and A. quadrilineata Pompeckj ; in France by A. hergeroni Walcott; in North Amer-
ica by A. matthewi (Hartt) and its varieties; and in China by A. matthewi eryx Walcott.

Formation and locality.—^Passage beds between the Upper Cambrian and the Ordovician: (8x) Limestone

at Slemmestad, about 3 miles (4.8 km.) southwest of Christiania, Norway.

TTpper-Middle Cambrian: (310i) Passage beds between the Middle Cambrian Paradoxides forchhanvmeri zone

and the Upper Cambrian Olenus truncatus zone at Borgholm, Oeland Island, Sweden.

Middle Cambrian:" (Ifiliamd 334h) Limestones of Paradoxides forchhammeri zone at Borregaard; (161) limestones

of Paradoxides davidis zone at Borregaard; (334b) 6 Andrarum limestone at Borregaard; (334c) 6 in the Paradoxides tessini

zone at Borregaard; (334d) 6 in the zone with Agnostus parvifrons at Borregaard; (334f) limestone on Bornholm Island;

(16j) limestone of Paradoxides forchhammeri zone at Laesaa; (16k) limestones of Paradoxides davidis zone at Laesaa;

(334e) Andrarum limestone at Laesaa; all on Bornholm Island, Denmark.

(8w) Limestones of the Paradoxides forchhammeri zone, at Andrarum, 20 miles (32 km.) northwest of Simris-

hamn, Province of Christianstad; (320o)c Limestone band between the Holmia kjerulfi zone and the Paradoxides tessini

zone at Andrarum, 20 miles (32 km.) northwest of Simi-ishamn, Province of Christianstad
;
(320f) limestone at Andrarum,

20 miles (32 km.) northwest of Simrishamn, Province of Christianstad; (3201) drift blocks from the Paradoxides celandicus

zone at Lillviken, near Oestersund, Jemtland; (320m) " limestones of the Paradoxides forchhammeri zone at KinnekuUe,

northeast of Lidkoping, Province of Skaraborg; (320n) limestones of the Paradoxides forchhammeri zone at Lovened,
Djupadal, 19 miles (30.6 km.) south-southeast of Skara, Province of Skaraborg; (321q) limestones of the Paradoxides

forchhamTYieri zone at Munkesten, north of Hunneberg, Province of Skaraborg; (320r) limestones of the Agnostus Isevi-

gatus zone, at Hunneberg, western boundary of the Province of Skaraborg; (320y) limestones of the Paradoxides forch-

hammeri zone at Gudhem, 12.5 miles (20.1 km.) south-southeast of Skara, Province of Skaraborg; (320b) limestone

forming 2d of the Paradoxides zone, the Agnostus Isevigatus horizon, at Gudhem, 12.5 miles (20.1 km.) south-southeast

of Skara, Province of Skaraborg; (320v)c in the Paradoxides forchhammeri zone at Lanna, Hjulsta, Vinala, and Vrana,

all four in Nerike; (320p) « limestones of the Paradoxidesforchhammeri zone at Sodra Mockleby, southern part of Oeland
Island; (320g) limestones of the Paradoxidesforchhammeri zone at Borgholm, Oeland Island; and (320(i) limestone form-

ing 2c of the Paradoxidesforchhammeri zone, at Alunbruk (alum works), southern part of Oeland Island; all in Sweden.

(324b) Shales of Etage Ic [Brogger] at KrekUng, in Sandsvar; (334c) shales of Etage Id at Krekling, in Sandsvar;

and (324a) shalo of Etage Ic [Brogger] at Skrena, Skiensdalen; all [Christiania Univ. Min. Inst. Coll.] in Norway.

<2 This species also occurs in Locality 3201i. ' Gronwall, 1902, p. 40. " Linnarsson, 1876, p. 23.
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ACROTHELE DECIPIENS Waicott.

'''

Plate LVIII, figures 3, 3a-d.

Acrothele decipiens Walcott, 1897, Proc. U. S. Nat. Mus., vol. 19, p. 716, PI. LX, fig. 2. (Described and discussed

as a new species. The specimen represented by fig. 2 is redrawn in this monograph, PL LVIII, fig. 3a.)

General form of the ventral valve subcircular, usually a little longer than wide; moderately-

convex; apex at the posterior one-sixth to one-eighth of the valve. Pedicle aperture of medium

size, situated on the posterior slope of the summit of the apex; the slope fi'om the apex to

the posterior margin is rather abrupt; and very gentle to the front margin. The obscure

false area, with a faintly defined groove down its center, is shown on some specimens. Dorsal

valve oval, moderately convex, and marked by a shallow depression extending from the back

to the front; apex marginal.

Surface marked by fine, concentric Hnes of growth, and very fine, somewhat irregular,

and sometimes inosculating ridges upon which occur exceedingly minute tubercles which give

a very finely tuberculated surface; some specimens show depressed, narrow, rounded ridges

extending from near the apex to the margins; these ridges vary in size and number. Shell

substance corneous.

Nothing is known of the interior of the ventral valve except a cast of the apical callosity

(PI. LVIII, fig. 3a). The interior of the dorsal valve has a strong median ridge that extends

forward beyond the center, and strong cardinal scars.

Observations.—This species is of the Acrothele matthewi (Hartt) type. It has a similar

surface, and the apex of the ventral valve is well toward the posterior margin. The interior

of the dorsal valve suggests that of Acrotreta more than do most interiors of the dorsal valves

of Acrothele. It has an unusually long and strong median ridge and cardinal muscle scars.

Acrothele decipiens was found associated with fragments of Olenellus in the fine gray hme-

stone in the Lower Cambrian shale.

Formation and locality.—Lower Cambrian: (50) Shaly limestones, 1.125 miles (1.8 1cm.) north of Stoner, 10

miles {16.1 km.) east-northeast of York; and (346) limestone and shale a little south of Emigsville; both in York County,

Pennsylvania.

Acrothele dichotoma Walcott.
L/

Plate LX, figure 2.

Acrothele f dichotoma Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 14-15, PI. IX, fig. 11. (Described and

discussed as a new species. The specimen represented by fig. 11 is redrawn in this monograph, PI. LX, fig. 2.)

Acrotreta dichotoma Walcott, 1886, Bull. U. S. Geol. Siu-vey No. 30, p. 107. (Suggests reference to Acrotreta.)

Acrotreta dichotoma (Walcott), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 100 and

103. (Mentioned.)

Shell of medium size, thin, corneous, nearly circular in outUne, the transverse diameter

beinc a little greater than the longitudinal. Ventral valve depressed, discoid, with the apex

but slightly elevated above the general plane of the surface and situated about one-third the

distance from the posterior to the anterior margin. The apex is exfoliated, but the inner layers

show that it was perforate and that in the interior the shell was thickened about the pedicle

opening. The slightly depressed area is triangular in form, and extends to the posterior

maro-in, gradually expanding to a width of a little less than its length; it appears to have

been quite minute at first, just beneath the apex, and to have been filled in by successive addi-

tions of the shell, so that the generally circular outhne of the shell has scarcely been broken

by the very slight truncation of the posterior margin. The additions to the posterior margin

of the false area are crowded together as little transverse ridges with fine strise between.

The outer portion of the shell is largely exfoliated, but traces of radiating strise and con-

centric lines of growth are shown. The latter on the outer portion appear to have been con-

tinuous with those crossing the pseudodeltidium. From each side of the apex a narrow, main

vascular sinus gently diverges, extending toward the central portion of the shell. Transverse

diameter, 7.5 mm.; longitudinal diameter, 6.75 mm.; elevation or convexity, about 0.75 mm.



ACROTRETID^. 645

When describing this species in 1884 I was not aware that a false area was present on

some ventral valves of the type species of the genus, and that the supposed muscle scars were

the main vascular sinuses. This caused me to question the generic reference.

The ventral vahj^e of Acrothele dichotoma has the same general form as A. subsidua (Wliite),

but it has a thicker shell, and, so far as known, a concentrically striated surface.

Formation and locality.—Middle Cambiian: (58) Shaly limestone in upper beds of the Secret Canyon shale,

east side of New York and Secret canyons, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Acrothele gamagei (Hobbs).

Plate LX, figures 5, 5a-c.

Oholella gamagei Hobbs, 1899, Am. Geologist, vol. 23, No. 2, pp. 114-115, figured. (Described, figured, and discussed

as a new species.)

Acrothele gamagei (Hobbs), Geabau, 1900, Occas. Papers Boston Soc. Nat. Hist., No. 4, vol. 1, pt. 3, pp. 615-617; fig.

48, p. 617; PI. XXXI, figs. la-d. (Described and discussed. Pig. 48 is copied from the.figure accompanying

the preceding reference.)

Acrothele gamagei (Hobbs), Shimer, 1907, Am. Jour. Sci., 4th ser., vol. 24, pp. 176 and 177. (New locality mentioned.)

Acrothele gamagei (Rohhs), GnABAxs Sind Shimer, 1907, North American Index Fossils, vol. 1, p. 200. (Character-

ized.)

General form subcircular to transversely broad oval in outline, with the posterior margin

slightly transverse. Ventral valve slightly conical with the apex at about the posterior fifth

of the length of the valve ; the apex is formed of two elongate tubercles with a slight depression

between them; at the posterior end of the depression a small pedicle opening occurs; back of

the pedicle opening a more or less indistinctly defined false area extends to the posterior margin

;

the posterior margin of the valve arches slightly upward.

The dorsal valve is gently convex with posterior portion curving slightly downward so as

to fit closely into the upward-curving margin of the ventral valve ; beak marginal.

The surface is marked by narrow, concentric undulations of growth, a few obscurely defined,

radiating ribs and fine, concentric, irregular, undulating, elevated lines ; the latter have numerous
minute tubercles on them over the central portions of the shell, and sometimes on the outer

lines of the old shells; this results in a finely granulated surface that may be seen with the aid

of a strong lens. The concentric lines cross the false area with only slight irregularity. The
shell appears to be corneous and built up of several thin layers or lameUse.

The interior of the ventral valve shows an elongate depression on each side of the apex, a

small visceral area, and not very strongly defmed main vascular sinuses that originate back of

the pedicle opening and curve forward into the body of the valve. The interior of the dorsal

valve has a low, rounded, median ridge that extends forward of the center where it bifurcates;

a narrow, sharp, median septum occurs on the posterior portion of the ridge ; the main vascular

sinuses originate near the posterior margin beneath the beak and extend obliquely forward

into the valve.

The only muscle scars seen are the elongate, oval central scars of the dorsal valve, which

are situated on the slopes of the median ridge back of the transverse center of the valve.

Observations.—As stated by Grabau [1900, p. 615] this is the Massachusetts representative

of Acrothele matthem (Hartt) of the St. John formation of New Brunswick. With the additional

information afforded by a collection made by William P. Rust for the United States National

Museum, the similarity between the two forms is still more striking; they have the same general

form, surface, and convexity; but A. gamagei attains a larger size and differs in the position of

its main vascular sinuses; the latter may be seen by comparing Plate LX, figures 5b and 5c,

with Plate XLI, figures Ic and Id.

The specific name was given in honor of Miss A. O. Gamage, of South Bristol, Maine.

Formation and locality.—Middle Cambrian : (326b [Grabau, 1900, p. 617]) Braintree slate, beloio high tide about

100feet {30.5 m.) east of the quarry at East Braintree, Abington quadrangle ( U. S. Geol. Survey); and (5) siliceous shale on

Hayward Creek, Braintree, Dedham quadrangle (U. S. Geol. Survey); both in Norfolk County, Massachusetts.
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AcROTHELE INTERMEDIA Liiinarsson.

Plate LVI, figures 3, 3a-d.

AcToihele intermedia Linnaksson, 1879, Sveriges Geol. Undersokning, Afhandl. och Uppsatser, Ser. C, No. 35, pp.
25-27, PL III, figs. 40-44. (Described in Latin, and described and discussed in Swedish, as a new species.

Figs. 40-44 are reproduced in this monograph, PI. LVI, figs. 3, 3a-d, respectively.)

Acrothele intermedia Linnarsson, Gronwall, 1902, Danmarks geol. Unders^gelse, Rsekke 2, No. 13, p. 39. (Localities

mentioned in Norwegian.)

A comparison of the figures of Acrothele intermedia on Plate LVI, with those representing

A. coriacea Linnarsson and A. {Eedlichella) granulata (Linnarsson) on the same plate, shows

very clearly that A. intermedia is related in form to both, but that it differs in narrowing pro-

portionately more toward the posterior margin. Linnarsson [1879, p. 26] states that in surface

characters it agrees more nearly with A. coriacea. The outer surface is described as having

numerous fine concentric striae without granules. He gives [1879, p. 26] the dimensions of two
ventral valves as "length 8 and 6 mm., width 9.5 and 7 mm., respectively." A dorsal valve

9 mm. in length has a width of 11 mm.
I have not seen the tj^pe of this species, or found specimens of it in the collections received

from Sweden. Five of Linnarsson's figures are reproduced on Plate LVI. Two of these show
a somewhat different position and arrangement of the main vascular canals and branches of

the ventral valve than in A. coriacea Linnarsson.

Formation and locality.—Middle Cambrian: (16h) Limestones of the Paradoxides fonhhammeri zone at Borre-

gaard; and (334a [Gronwall, 1902, p. 39]) limestones of the Conocoryphe exsulans zone at BoiTegaard; both on Born-

holm Island, Denmark.

(320]i) Shales in the Paradoxides tessini zone at Lovened, Province of Skaraborg; (320i) limestones of the Coronatus

zone, at Andrarum, 20 miles (32 km.) noilhwest of Simrishamn, Province of Christianstad
; (320j) limestones of the Coro-

natus zone, at Gislof, Province of Malmohus; and (320k) limestones of the Coronatus zone, at Kivihs Esperod, Province of
Malmohus; all [Gronwall, 1902, p. 39] in Sweden.

(320q) Limestone forming 2c of the Paradoxides forchham.meri zone at Alunbruk (alum works), southern part of

Oeland Island, Sweden.

Specimens that are rather doubtfully compared with Acrothele intermedia occur at the fol-

lowing locality

:

Upper Cambrian: (304j [Mason College Coll.]) Lower Stockingford shales, Puxley Park Lane, halfway up the

path to the quarry, Atherstone, Warwickshire, England.

Acrothele levisensis Walcott.

V/" Plate LXXXI, figures 12, 12a-b.

Acrothele levisensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 85, PI. VIII, fig. 13. (Described and
discussed as below as a new species. Fig. 13 is copied in this monograph, PI. LXXXI, fig. 12.)

Outline transversely broad ovate, ventral valve moderately convex at the apex, which
is about the posterior fifth of the length of the valve; pedicle aperture small and situated on
the slope back of and near the apex. Dorsal valve depressed convex, with a very gentle slope

from the umbo to the front margin and a greater slope to the marginal beak.

Surface marked by fine concentric lines and striae that cross the space back of the apex
without apparent interruption. A compressed ventral valve 8 mm. in length has a width

of 10 mm. A dorsal valve has a length of 7 mm.; width, 8 mm.
The cast of the interior of a compressed dorsal valve shows a median ridge that expands

near the center of the valve, and a main vascular sinus on each side that has the same general

course as in Acrothele coriacea Linnarsson.

Observations.—In general form this species is much hke Acrothele coriacea and related

species. It differs from them in having a smooth surface except for the concentric lines and
striae.

The four specimens representing this species were attached to a block in the collections

of the Geological Survey of Canada, with specimens of ETkania desiderata (Billings).

The specific name is derived from Point Levis, the type locality.

Formation and locality.—Lower Ordovician: (319a [Geol. Survey Canada]) Levis shale, Point Levis, Province

of Quebec, Canada.
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ACEOTHELE MACULATA (Salter).

Plate LVII, figures 2^a-b; Plate LVIII, figure 2.

Oholella maculata (Hicks MS.) Salter, 1866, Kept. British Assoc. Adv. Sci. for 1865, p. 285. (Name merely listed.)

Obolella maculata Salter, Davidson, 1868, Geol. Mag., vol. 5, p. 311, PI. XVI, figs. 1-3. (Described as below, and

discussed. Figs. 1-3 are reproduced in this monograph, PL LVII, figs. 2, 2a-b, respectively.)

Oholella maculata Salter, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, p. 341, PL L, figs. 18-21.

(Copy of preceding reference. Figs. 18, 19, and 21 are copied from Davidson, 1868, PL XVI, figs. 1, 2, and 3,

respectively.)

Not Obolella maculata Delgado, 1904, Communicafoes Commissao Servigo Geol. Portugal, tome V, fasc. 2, p. 364,

PL IV, fig. 24. (Described in French. This species is referred in this monograph to Acrothele villaboimensis
.)

The description by Davidson [1868, p. 311] follows:

Shell small, transversely oval, valves moderately convex; 4 lines in length, by 5 in breadth. Beak very obtusely

acuminated; front broadly rounded; greatest breadth at about the middle of the shell; surface smooth, marked only

by fine concentric lines of growth. Interior incompletely known.

From the above description it is not possible to refer this species to Acrothele, but the

figure given of the interior of the dorsal valve clearly indicates that genus. All of the figures

given by Davidson appear to be of dorsal valves. It would be interesting to know if the

specimens illustrated by Davidson [1871, PI. LIX, figs. 41a, 42a] as "Discina fileolus Hicks"
are associated with the specimens illustrated as "Oholella maculata Hicks" [Davidson, 1871,

PI. L, figs. 18-21].

With our present information it is difficult to ma,ke comparisons with other species of

Acrothele further than to call attention to the similarity of the interior of the dorsal valve to

that of Acrothele subsidua (Wliite) (PI. LX, fig. Ik).

Formation and locality.^—Middle Cambnan: (318d [Davidson, 1871, p. 341]) Sandstone in the middle portion

of the Menevian at Porth-y-rhaw, St. Davids; and (318h.) shales in the Menevian at St. Davids; both in South Wales.

(318e) Lower portion of the Menevian, at Camlan; and (318f) lower portion of the Menevian at Gwynfynydd;
both [Davidson, 1871, p. 341] in North Wales.

ACKOTHELE MATTHEWI (Hartt).

Plate LXI, figures 1, la-g.

lAngula matthewi Hartt, 1868, Acadian Geology, by Dawson, 2d ed., p. 644, fig. 221. (Described as a new species.

The specimen represented by fig. 221 is redrawn in this monograph, PL LXI, fig. la.)

Lingula matthewi Hartt, 1878, idem, 3d ed., p. 644, fig. 221. (Copy of Hartt, 1868, p. 644.)

Acrothele matthewi (Hartt), Walcott, 1884, Bull. U. S. Geol. Survey No. 10, p. 15, PL I, figs. 4 and 4a. (Original

description copied and species discussed. The specimen represented by fig. 4a was labeled by Hartt as "Obelus
(Discina) nitidus," n. sp., and is redrawn in this monograph, PL LXI, fig. 1. Fig. 4 is drawn from the speci-

men figured by Hartt, 1868, p. 644, fig. 221, and is redrawn in this monograph, PL LXI, fig. la.)

Acrothele matthewi (Hartt), Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 109. (Mentioned as similar to Acro-

thele subsidua.)

Acrothele inatthewi (Hartt), Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, pp. 39-41,

PL V, figs. 15 and 15a. (Original description copied and species redescribed and discussed.)

Acrothele matthewi (Hartt), Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 609. (Mentioned as closely

allied to Acrothele subsidua (White).)

Lingula matthewi Hartt, 1891, Acadian Geology, by Dawson, 4th ed., p. 644, fig. 221. (Copy of Hartt, 1868, p. 644.)

Acrothele matthewi (Hartt), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, PL III,

fig. 24. (Fig. 24 is drawn from the specimen figured by Matthew, 1886, PL V, figs. 15 and 15a.)

Acrothele matthewi (Hartt), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 99 and 100,

PL III, fig. 29. (Discussed. Fig. 29 is copied from fig. 24 of the preceding reference.)

Acrothele matthewi (Hartt), Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, p. 128, PL V, figs. 6a-b.

(No text reference. Figs. 6a-b are copied from Matthew, 1886, PL V, figs. 15 and 15a, respectively.)

Acrothele matthewi (Hartt), Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 14, pt. 5, No. 20, pp. 397 and
402, PL XVII, figs. 5a-b. (Mentioned. Pigs. 5a-b are copied from Matthew, 1886, PL V, figs. 15 and 15a,

respectively.)

Acrothele matthewi (Hartt), Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 104, PL V,

figs. 5a-b. (Mentioned. Figs. 5a-b are copied from Matthew, 1902a, PL XVII, figs. 5a-b, respectively.)

o The type locality is unknown. Davidson's figure 3 (186S, PI. XVIJ has been designated as the type, but its locality is unknown.



648 CAMBRIAN BRACHIOPODA.

Acrotliele Tnatihewi (Hartt), Grabau and Shimer (in part), 1907, North American Index Fossils, vol. 1, p. 200, fig. 234f

(not 234g). (Described. Fig. 234f is copied from Matthew, 1886, PL V, fig. 15; fig. 234g from Matthew's figure,

1895a, PL V, figs. Jar-h, of Acrothele matthewi prima, now referred to Acrotheh prima.)

General form subcircular to transversely broad ovate in outline, with the posterior margin

slightly transverse. Ventral valve subconical in young shells, becoming depressed, with an

elevated apex in the adult stages of growth. The apex is within the posterior fourth of the

valve, usually about one-sixth the distance from the posterior to the front margins; it is

formed of two minute, more or less elongated tubercles, with a depression between them at

the posterior end of which a minute pedicle opening occurs; a specimen of the variety Acro-

thele matthewi multicosta Matthew shows a minute tubercle just back of the pedicle opening

that looks as though it were part of a ring that formerly extended about the apex, the two

side tubercles being other portions of the ring. A narrow false area is indicated on some shells;

on others it is absent.

Dorsal valve slightly convex on the umbo, and nearly flat over the anterior portions;

apex marginal as far as can be determined from the compressed shells. The exterior surface

is marked by concentric hnes and strise of growth and a few laminated ridges near the outer

margins; on some specimens of the ventral valve one or two low, obscure ridges extend forward

from the apex to the front margin. The epidermal layer is also marked by fine granulations

or papillse that are thickly placed over the surface; on the outer portions the granules are

closely spaced on the top of low, irregular, narrow ridges in the same manner as on Acrothele

coriacea Linnarsson; the inner layers of the shell are shiny and marked by concentric lines

and very fine radiating strise.

The shell is corneous and built up of several thin layers or lamellae. A large ventral

valve has a length of 7 mm. with a width of 8 mm.
The interior of the ventral valve shows an apical callosity penetrated by the pedicle open-

ing, and back of it the base of the main vascular sinuses ; the latter extend outward and forward

to about the transverse center of the valve, and then forward, curving inward more or less;

rather strong lateral branches extend outward at varying points; one specimen shows three

branches and another seven branches; back of the base of the sinuses a narrow, depressed

space extends to the margin of a very narrow area; these features are shown in a cast of the

interior (PL LXI, fig. Ic); the median depressed space corresponds to the false pedicle furrow

in some species of Acrotreta (PI. LXV, figs. 3g, 3h). The interior of the dorsal valve has a

very characteristic median septum that extends forward from one-fourth to one-half the

length of the valve; also the posterior portions of the main vascular sinuses that originate

in front of the beak and extend outward and then obhquely forward.

Of the muscle scars only the minute umbonal scars of the ventral valve have been observed;

these are minute and close to the anterior end of the false pedicle furrow.

Observations.—In general form and size Acrothele matthewi is allied to A. coriacea Lin-

narsson. The interiors of the valves are also much alike, as may be seen by comparing Plate

LYI, figures la-c, with Plate LXI, figures Ic and Id (ventral valves), and Plate LVI, figure

le, with Plate LXI, figure Ig (dorsal valves). The main vascular sinuses of the ventral valve

of A. matthewi are stronger than those of A. coriacea, and the outer, granular surface of the

epidermal layer is also much coarser. Acrothele matthewi differs from Acrothele (Redlichella)

granulata (Linnarsson) in its smaller size and in the markings on the interior of the ventral

valve; the granulated outer surface of the two species is similar, the differences between them

not being greater than the variations on different portions of the same shell. From A. avia

Matthew and A. proles Matthew this species is separated by the surface characters. It is

difficult to institute detailed comparisons of outline and form of A. matthem and other species,

as both it and its varieties are represented by compressed and more or less distorted shells.

Acrothele matthewi is a variable species, and Matthew has proposed subspecific names for

the most marked of the varieties. One variety (A. matthewi eryx) is recognized and named

from China. A large form in Matthew's collection labeled "Acrothele cf. granulata" appears
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to comprise large shells of A. Tnatihewi. In the larger shells the granules become coarser toward
the outer margms and are more irregularly distributed over the surface.

Of the varieties named by Matthew, "A. matthewi prima" appears to be of specific value

on account of the position of the apex of the ventral valve. "Acrothele matthewi costata" is a

variety of A. prima, and A. matthewi multicostata and A. matthewi lata appear to be the only

varieties remaining that are sufficiently persistent and definite to be recognized, and even
these merge by many gradations into the typical forms of the species.

The specific name was given in honor of Dr. G. F. Matthew.

FoEMATioN AND LOCALITY.—Upper Cambrian: (3) Shaly limestones 300 feet (91.4 m.) above the Paradoxides zone,

Manuals Brook, Conception Bay, Newfoundland.

Middle Cambrian: (la, 6n, and 61) Shales near the top of No. 6; (1) shales of zone A of No. 7; and (2) shales of

zone B of No. 7; all in the Manuels Brook section [Walcott, 1891b, p. 261] on Manuels Brook, Conception Bay, New-
foundland.

(6g) Limestone near the base of the Middle Cambrian, the lowest horizon carrjdng Paradoxides, northwest side of

Chappie Arm Harbor, about 1 mile (1.6 km.) from its head. Trinity Bay, Newfoundland.

(2 1 and 2m) Limestones and shales at the base of the Paradoxides zone [Matthew, 1895a, p. 108] on Hanford Brook;

(301h [Matthew, 1886, p. 41]) shales of Division Ic of Matthew, on Hanford Brook; (301i) beds of Division Ibl of Matthew,
on Hanford Brook; (3011 [Matthew, 1886, p. 41]) shales of Division Id of Matthew, on Porters Brook, St. Martins; (301g

[Matthew, 1886, p.41])a sandstones of Division Ic of Matthew, at Portland (now part of the city of St. John); (2s)

limestone in upper part of Paradoxides zone, at Hastings Cove [see Matthew, 1898b, p. 38], on Kennebecasis Bay, 0.5

mile (0.8 km.) northeast of Torryburn, on the Intercolonial Railway, northeast of St. John; (3b) shale at the base of

the Paradoxides zone, at the head of Seeley Street, St. John; (301k [Walcott, 1884a, p.l6]) shales of the St. Johnforma-
tion at St. John; and (301j [Walcott, 1884a, p. 16]) shales of the St. John formation at Ratcliffs Millstream; all in

St. John Comity, New Brunswick.

Acrothele matthewi eryx Walcott.

Plate LXI, figure 2.

Acrothele matthewi eryx Walcott, 1905, Proc. U. S. Nat. Mus., vol. 29, p. 11. (Described and discussed as below as a

new variety.)

In form, convexity, and size the ventral valve of the only specimen representing this

variety is very similar to the typical forms of Acrothele matthewi (Hartt). The shell is partly

exfoliated and shows a small oval pit about the pedicle opening and two narrow vascular

sinuses that extend from a point nearly back of the pit about the pedicle opening, forward, and
a little outward, about one-third the length of the valve.

The shell is built up of several layers or lamellae that are smooth and shiny on the interior,

except where slightly roughened by faint vascular markings and obscure radiating striae; the

outer surface is dull and marked by concentric striae and lines of growth, and numerous fine,

irregular, often anastomosing, elevated lines that give the surface a rough appearance.

The ventral valve is nearly circular, with a diameter of 6 mm. If this shell were associated

with Acrothele matthewi in the Middle Cambrian rocks of New Brunswick, I should not hestitate

to identify it with that species. In the absence of a series of specimens, and of representatives

of the dorsal valve, it is not certain that it is identical with Acrothele matthewi.

Formation and locality.—Hlddle Cambrian: (C4) Limestone nodules at the base of the lower shale member of

the Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (2d list of fossils), and fig. 10 (bed 4), p. 38], 3 miles (4.8 km.)

southwest of Yenchuang, Sintai district, Shantung, China.

Acrothele matthewi lata Matthew.

Plate LXI, figure 3.

Acrothele matthewi lata Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, p. 41, PI. V,
figs. 17 and 17a. (Described as a new variety. The specimen represented by figs. 17 and 17a is redrawn in this

monograph, PI. LXI, fig. 3.)

Acrothele matthewi lata Matthew, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

PI. Ill, figs. 25 and 26. (Fig. 26 is drawn from the specimen figured by Matthew, 1886, PI. V, figs. 17 and 17a.)

a This species also occurs in Locality 308h,
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Acrothele matthewi lata Matthew, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, PL III,

figs. 26-28. (No text reference. Figs. 27 and 28 are drawn from the specimen figured by Matthew, 1886, PI. V,

figs. 17 and 17a. Figs. 26 and 27 are copied from figs. 25 and 26, respectively, of the preceding reference.)

Acrothele matthevn lata Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, PL V, figs. 8a-b. (No text

reference. Figs. 8a-b are copied from Matthew, 1886, PL V, figs. 17 and 17a, respectively.)

Acrothele matthewi lata Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 104, PL V,

figs. 6a-b. (Mentioned. Figs. 6a-b are copied from Matthew, 1902a, PL XVII, figs. 6a-b, respectively.)

This variety is characterized by having a flatter rim that gives the valves a depressed

appearance around the border. There are many variations that tend to unite it with tj^ical

examples of the species, but there is no difiicultj^ in recognizing the typical forms of the variety.

Formation and locality.—Middle Cambrian: (301 [Matthew, 1886, p. 42]) Sandstones of Division lb2 of Mat-

thew, on Hanford Brook; (301a [Matthew, 1895a, PL V, fig. 8]) fine-grained sandstones below the Protolenus-bearing shales

and sandstones in Division lb3 of Matthew, on Hanford Brook; and (301g [Matthew, 1886, p. 41]) sandstones of Division

Ic of Matthew, at Portland (now a part of the city of St. John); all in St. John County, New Brunswick.

Acrothele matthewi multicostata Matthew.

Plate LXI, figures 5, 5a-c.

Acrothele matthewi multicostata Matthew, 1897, Trans. Roy. Soc. Canada for 1897, 2d ser., vol. 3, sec. 4, No. 7, p. 168.

(Characterized as a new variety.)

This variety is distinguished from the typical forms of the species by the presence of

numerous narrow, more or less obscure, radiating ribs. There is a gradation in this respect

to tjrpical forms of A. matthewi, where an occasional trace of ribs occur. The more anterior

position of the apex of the ventral valve serves to distinguish tliis variety from A. prima costata,

which occurs at a slightly lower horizon at the same locaUty.

This form owes its varietal name to the numerous radiating ribs upon its sheU surface.

Formation and locality.—Middle Cambrian: (2s and 2t) « Shales and interbedded limestone in tlie upper part

of the Paradoxides zone. Eastings Cove [Matthew, 1898b, p. 38'], on Kennebecasis Bay, 0.5 mile {0.8 km.) northeast of

Torrybum, on ike Intercolonial Railway, northeast of St. John; and (2 1) limestone at the base of the Paradoxides zone

[Matthew, 1895a, p. 108], on Hanford Brook; both in St. John County, New Brunswick.

,
Acrothele? minuta Walcott.

Plate LXIII, figure 3.

Acrothele? minuta Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 303. (Described as below aa anew species.)

SheU minute, 1.5 mm. in diameter, subcircular in outline, gently convex, with a slight

median depression from the umbo to the anterior margin; back of the umbo there is a sharp

median depression between minute ridges on each of which there are two points or nipples.

Surface marked by fine concentric striae. Substance of shell apparently phospliatic.

Tills interesting little species is represented by a single specimen. The generic reference

is somewhat doubtful.

Formation and locality.—Middle Cambrian: (C6) Thin slabby limestone in the upper shale member of tbe

Kiulung group [Blackwelder, 1907a, pp. 37 and 41 (2d list of fossils), and fig. 10 (bed 12), p. 38], 2.5 miles (4 km.)

southwest of Yenchuang, Sintai district, Shantung, China.

Acrothele nitida (Ford).

Plate LVIII, figures 4, 4a.

Obolella nitida Ford, 1873, Am. Jour. Sci., 3d ser., vol. 5, p. 213. (Described as on p. 651 as a new species.)

Obolella nitida Ford, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 118-119, PL XI, fig. 2. (Original descrip-

tion copied. The specimen represented by fig. 2 is redrawn in this monograph, PL LVIII, fig. 4.)

Obolella nitida Ford, Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 612, PL LXXII, fig. 1. (New localities

mentioned. Figure copied from preceding reference.)

Obolella nitida Ford, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 70. (Mentioned.)

o2t is the type locality, though the specimens in the United States National Museum collections to whieh that number is assigned were

collected later than Matthew's type specimens.
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Linnarssonia? rdtida (Ford), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes genericreference.)

Obolella nitida Ford, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 189, fig. 223c. (Described.

Fig. 223c is copied from Walcott, 1886, PI. XI, fig. 2.)

The original description by Ford follows:

Shell transversely suboval, small. Dorsal valve gently but irregularly convex, the greatest elevation occurring

at a point about one-fifth the length of the valve from the apex. From this point the beak curves sharply down to

the hinge line, which it almost touches. The hinge line itself is slightly curved and apparently equal to about one-

third the width of the shell. At the most elevated point of the valve commences a well-defined median depression,

which extends forward for a distance of about one-half the length of the valve, gradually widening and becoming
more shallow until it disappears. A portion of the dorsal valve close to the margin is sometimes nearly flat all around.

The internal markings are not well enough shown in any of the specimens that I have seen to admit of description.

The surface is ornamented with very fine concentric striae and niimerous close set radiating strise, the whole just visible

to the unassisted eye.

The ventral valve is not certainly known. The width of the largest dorsal valve that I have seen is 0.14 of an
inch and the length 0.1 of an inch.

Through the courtesy of Prof. J. M. Clarke I have had tlie opportunity of studying the

type material of this species, now in the New York State Museum collections. There are

four specimens of the dorsal valve and one representing the ventral valve. The reference

to Obolella [Ford, 1873, p. 213] and Linnarssonia [Walcott, 1901, p. 673] is incorrect. The
shell is like that of Acrothele and the matrix representing the ventral valve shows all the

characters of Acrothele as far as any characters are shown at all. The slope of the valve toward
an eccentric apex is indicated in the same manner as in Acrothele matthewi (Hartt).

The only difference detected between this shell and young sheUs of Botsfordia cselata

(Hall) is the absence of the characteristic pustulose surface of the latter. Five of Mr. Ford's

specimens appear to have come from the same piece of limestone, and nothing that can be
identified as the same species has been found in the large collection made at the same locahty.

The largest shell has a diameter of 3 mm. The surface is marked by fine concentric strise,

and sharp, interrupted, radiating hnes.

Formation and locality.—Lower Camhrian : (27) Even-bedded and conglomerate limestones on the ridge in the

eastern suburb of Vroij, Rensselaer County; and (22) limestone 1.5 miles (2.4 km.) north of North Granville, Fort Ann
quadrangle (U. S. Geol. Survey), Washington County; both in New York.

Acrothele panderi n. sp.

Plate LIX, figures 5, 5a-c.

Tliis species is of the same general type as Acrothele colleni n. sp. It differs in having

a less elevated and more posterior apex on the ventral valve, and the finer granulation of the

exterior of the shell; also in the presence of a median depression or sinus on the dorsal valve.

The surface is more like that of Acrothele (Redlichella) granulata (Linnarsson) as the granu-

lation, although of the same type as that on A. coriacea Linnarsson and A. colleni, has more
the appearance of an epidermal granulated layer.

The description of A. colleni applies to tliis shell with the exceptions mentioned, and a

few other details. It also reaches a somewhat larger size. One specimen of the ventral valve

has a transverse diameter of 11 mm., with a length of 9 mm. Another example of the same
valve has an equal length and breadth; usually the dorsal valve is a little broader than long,

and it is marked by a clearly defined mecUan depression that extends from the beak forward,

gradually widening to the front margin. The apex of the ventral valve has a minute tubercle

on each side, with a small pedicle opening on the slope just back of the tubercles, in this respect

closely resembling the apex of A. coriacea.

The interior of the ventral valve shows a tliickening of the shell under the short visceral

area in front of the pedicle opening; the main vascular sinuses appear to originate beside or a
Uttle in advance of the pedicle opening and extend forward, gradually separating, but occupy-
ing a position about halfway between the margins and the median line.
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The specific name is given in honor of Dr. C. H. Pander.

Formation and locality.—Lower Cambrian: (4v) About ^00 feet {61 m.) above the unconformable base of the

Cambrian and 75 feet {t2.9 m.) above the top of the quartzitic sandstones in a shale which corresponds in stratigraphic

position to shale No. 6 of the Dearborn River section [Walcott, 1908f, p. Z02], Gordon Creeh, 6 miles {9.6 km.) from South

Forh of Flathead River, Ovando quadrangle { U. S. Geol. Survey); and (5j) the same stratigraphic horizon as 4v, about

6 miles (9.6 km.) west-northwest of Scapegoat Mountain, on the Continental Divide between Bar Creek and the

headwaters of the south fork of North Fork of Sun River, Coopers Lake quadrangle (U. S. Geol. Survey); both in

Powell County, Montana.
ACEOTHBLE PRETIOSA (Blllings). '

Plate LVIII, figures 1, la-g.

Obolella pretiosa Billings, 1862, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 68-69, figs. 61a-b. (Described

and discussed as a new species.)

Obolella pretiosa Billings, 1863, Geol. Survey Canada, Fifteenth Kept. Progress, p. 230, figs. 239a-b. (No text refer-

ence. Figures are copied from preceding reference.)

Obolella pretiosa BilUngs, Chapman, 1863, Canadian Jour. Industry, Sci., and Art, new ser., vol. 8, p. 191, fig. 160b.

Obolella pretiosa Billings, Chapman, 1864, Minerals and Geology of Canada, p. 163, fig. 160b. (Copy of preceding

reference.)

Obolella? pretiosa Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 111. (Generic relations mentioned.)

Billingda pretiosa (Billings), Ford, 1886, Am. Jour. Sci., 3d ser., vol. 31, p. 467. (Merely changes generic reference.)

Elhania pretiosa (Billings), Ford, 1886, idem, vol. 32, p. 325. (Merely changes generic reference.)

Not Obolella {Linnarssonia) pretiosa Dawson, 1890, Trans. Roy. Soc. Canada for 1889, 1st ser., vol. 7, sec. 4, No. 3,

pp. 53-54, figs. 26a-c. (Referred in this monograph to Acrotreta sagittalis.)

Not Linnarssonia pretiosa Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 70, PI. Ill,

figs. 43-44. (Referred in this monograph to Acrotreta sagittalis.)

Linnarssonia pretiosa Schuchbrt (in part), 1897, Bull. U.S. Geol. Survey No. 87, p. 262. (Mere reference, but includes

specimens referred to both Acrotreta sagittalis and Acrothele pretiosa.)

Acrothele pretiosa {Billings), Walcott, 1898, Proc. U. S. Nat. Mus., vol. 21, p. 402. (Merely cha,nges generic reference.)

Linnarssonia pretiosa (Billings), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes generic

reference.)

?Linnarssonia pretiosa Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 200. (Described, but not

figured, and it is impossible to tell whether the authors are discussing the Linnarssonia pretiosa that is now
referred to Acrotreta sagittalis or the true Acrothele pretiosa.)

General form transversely oval; convexity unknown, as all specimens are more or less

flattened in the shale. Ventral valve with the apex near the posterior margm; pedicle aperture

small, and at the apex, but whether on its posterior slope or summit can not be determined.

Dorsal valve with the beak marginal, and greatest elevation on the umbo on the posterior third

of the valve.

Surface marked by numerous concentric lines and strise of growth and a varying number
of irregular, low, narrow, more or less interrupted, radiating ribs; in addition there is a minutely

roughened surface formed by very fine, irregular, elevated hues that have minute granules upon

them; tliis results in a surface much hke that of Acrothele matthewi (Hartt).

The average diameter of the larger specimens is 5 mm., though there are many less than

2 mm. across.

The cast of the interior of a ventral valve shows the cast of a small oval apical callosity;

the interior of the dorsal valve has a narrow median ridge that extends forward to the anterior

fifth of the length of the valve; the main vascular sinuses are narrow and have the usual direc-

tion from the median line near the posterior margin outward and then obhquely forward. The
only muscle scars observed are the cardinal scars on each side of the median ridge between the

main vascular sinuses and the posterior margin, and the elongate oval central scars in advance

of the transverse center of the valve.

Observations.—Owing to the compressed and more or less distorted condition of the speci-

mens representing this species, it is difhcult to give an accurate description of it. The posterior

position of the apex of the ventral valve, concentrically striated surface, long median ridge in

dorsal valve, and position of central scars, give the species an assemblage of detailed characters

unknown in other species of the genus.

Formation and locality.—Ordovician: (220a) Shales of the "Upper Sillery^^ {Lauzon of Logan), on Chaudiere

River at the Grand Trunk railroad bridge; and (319c [Billings, 1862b, p. 69]) shales at Cape Rouge, above Quebec;

both in the Province of Quebec, Canada.
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(43) Shales on the summit of Moses Hill, 2 miles (3.2 km.) west of North Greenwich; and (338i) shales 1 mile (1.6

km.) west-northwest of South Argyle; both near the line between the Schuylerville and Cambridge quadrangles (U. S.

Geol. Survey), Washington County, New York.

(338z) Limestone on the north side of Bald Mountain, about 2 miles (3.2 km.) northwest of Greenwich, Schuyler-

ville quadrangle (U. S. Geol. Survey), Washington County, New York.

ACROTHELE PRIMA (Mattliew).

Plate LXI, figures 6, 6a-b; Plate LXII, figure 2.

Acrothele matthewi prima Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, p. 41, PL V,

figs. 16 and 16a. (Characterized. The specimen represented by figs. 16 and 16a is redrawn in this monograph,

PI. LXI, fig. 6.)

Acrothele matthewi prima Matthew, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

PL III, fig. 27. (Fig. 27 is drawn from the specimen represented in Matthew, 1886, PL V, figs. 16 and 16a.)

Acrothele matthewi prima Matthew, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, PL III,

fig. 25. (No text reference. Fig. 25 is copied from fig. 27 of the preceding reference.)

Acrothele matthewi prima Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, PL V, figs. 7a-b. (No text

reference. The figures are drawn from the specimen represented in Matthew, 1886, PL V, figs. 16 and 16a.)

Acrothele matthewi prima Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 397 and 402,

PL XVII, figs. 4a-b. (Mentioned. The figures are copied from figs. 7a-b, respectively, of the preceding

reference.

)

Acrothele matthewi prima Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 104, PL V,

figs. 4a-b. (Mentioned. Figs. 4a-b are copied from Matthew, 1902a, PL XVII, figs. 4a-b, respectively.)

Acrothele matthewi Grabau and Shimer (in part), 1907, North American Index Fossils, vol. 1, p. 200, fig. 234g (not

234f). (Described. Fig. 234g is copied from Matthew's figure, 1895a, PL V, figs. 7a-b, of Acrothele matthewi

prima. The specimen represented by fig. 234f belongs with Acrothele matthewi, which see, p. 648.)

This species is distinguished from Acrothele matthewi (Hartt) by the apex of the ventral

valve being almost directly over the posterior margia instead of from one-fifth to one-sixth the

length of the valve from it. It has a finely granulated surface of the same type as that of

A. matthewi and the valves are similar in outline except near the apex of the ventral valve.

The average size of this species is a little less than that of A. matthewi.

The variety costata was separated by Matthew [1895a, p. 128] on account of the presence of

six or more ribs; this character is an exceedingly variable one and of little value, as the ribs

vary from a faint trace to twenty or more ribs, but as it has been used the varietal name is

retained.

Formation and locality.—Middle Cambrian: (2g)a Sandstones of Division Ihl; (2f) sandstones 3 feet below

2g in Division Ibl; (2h) sandstones of Division lb2; and (2i) sandstones of Division lb3; all in Matthew's [1895a, p.

108] Protolenus zone, Hanford Brook, St. John County, New Brunswick.

(13t) Sandstones at the base of Division Elb; and (13d") sandstones 10 feet (3 m.) below Division E2a; both in

Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

Acrothele prima costata (Matthew).

Plate LXI, figures 4, 4a-d.

Acrothele matthewi costata Matthew, 1895, Trans. New York Acad. Sci. for 1894-5, vol. 14, p. 128, PI. V, fig. 9.

(Characterized as a new variety.)

Acrothele matthewi costata Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 397, PL XVI,
fig. 6. (Mentioned. Fig. 6 is copied from fig. 9 of the preceding reference.)

Acrothele matthewi costata Matthew, 1903, Geol. Siu-vey Canada, Rept. Cambrian Rocks Cape Breton, p. 104, PL IV,

fig. 6. (Mentioned. Fig. 6 is copied from Matthew, 1902a, PL XVI, fig. 6.)

Matthew [1895a, p. 128] separated this variety on account of the presence of six or more
broad, radiating ribs that are not continuous, but that are interrupted by some of the strong

lines of growth; the ribs do not occur on very young shells or near the umbo of the old shells.

The surface of the epidermal layer is granulated in the same manner as the typical forms of

A. matthewi (Hartt).

a 2g is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were
collected later than the type specimens.
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The variation in the strength and number of ribs is from a shght trace of one or two short

ribs near the front margin to twenty or more ribs. One extreme is represented (PL LXI) by
figure 4a, and the other by figure 4. The specimens illustrated are from the same layer of

rock. A. matihewi multicostata Matthew is similar to A. prima costata in surface characters

and the presence of radiating ribs, bu- it differs in the more anterior position of the apex on

the ventral valve.

The variety costata occurs in association Avith A. prima and is distinguished from it by
the presence of more or less distinctly indicated ribs.

Formation and locality.—Middle Cambrian; (21i) Sandstones of Division lh2;'^ (301d [Mattliew, 1895a, p. 128])

sandstones of Division IbS;'^ (2i) sandstones of Division lb3; and (2k) just above 2i, in the sandstones of Division

lb3; all in Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook, St. John County, New Brunswick.

(3011 [Matthew, 1895a, p. 128]) Sandstones of Division Id at Porters Brook, St. John County; and (301f [Matthew,

1895a, p. 128]) sandstones of Division lb5 of Matthew's Protolenus zone, at Catons Island, Long Reach, St. John

River, Kings County; all in New Brunswick.

(6n) Shales near the top of No. 6 of the Manuels Brook section [Walcott, 1891b, p. 261], Manuals Brook, Concep-

tion Bay, Newfoundland.

AcROTHELE PKiMiEVA (de Vcmeuil and Barrande).

Plate LVII, figure 6.

Discina (Orbicula) primseva de Verneuil and Barrande, 1860, Bull. Soc. g^ol. France for 1859-60, 2d ser., vol. 17,

p. 532, PI. VIII, figs. 2 and 2a. (Described and discussed in French as a new species. Figs. 2 and 2a are

reproduced in tliis monograph, PI. LVII, figs. 6 and 6', respectively.)

Acrothele primxva (de Verneuil and Barrande), Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45,

Hft. 3, p. 603. (Discussed in German.)

This species appears to have been represented by only the ventral valve; tliis, the authors

state, is corneous, slightly convex, and ornamented by very fine concentric striae, and tliree

fine lines that radiate from the apex to the front margin. On the figure the apex is about one-

third the distance from the posterior to the anterior margin, and a faint false area is indicated

by lines that diverge from the apex to the posterior margin.

As far as can be determined from the illustrations and descriptions of the two species,

this form is most nearly related to Acrothele quadrilineata Pompeckj.

Formation and locality.—Middle Cambrian: (350 [de Verneuil and Barrande, 1860, p. 538]) Red limestone

of the Paradoxides zone, near Adrados, north of Sabero and Bonar, Cantabrian Mountains, Province of Leon, north-

western Spain.

Acrothele proles Matthew.
V

Plate LXII, figures 3, 3a-e, 4, 4a.

Acrothele proles Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 400-401, PI. XVII,
figs. 3a-e. (Described and discussed as a new species. The specimen represented by fig. 3a is redra-i?n in

this monograph, PI. LXII, fig. 4. Fig. 4a is drawn from one of Matthew's (unfigured?) specimens.)

Acrothele proles Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 60. (Notes on

orientation.)

Acrothele proles Matthew, 1903, idem, pp. 102-103, PI. V, figs. 3ar-e. (Description and figures copied from Matthew,

1902a, pp. 400-401, PI. XVII, figs. 3a-e.)

The most essential difference between this species and AcrotTiele avia Matthew is in the

position of the apex of the ventral valve. There are certain minor differences in the visceral

callosity, but these are variable and depend more or less upon the state of preservation of

the shell. Nearly all the shells of AcrotTiele from the shales and arenaceous beds of the Nova
Scotia localities have been distorted by flattening or lateral movement; on this account when
one has but a few specimens it is difficult to place confidence on characters subject to change

by very slight distortion of the shell.

f On the doscription of Plate V [Matthew, lS95aJ Matthew says that the type specimen is from divisions lb2 and IbS; there is but one type
specimen and it can not be ascertained to which of the two divisions it should be assigned. The specimens in the United States National

Museum collections from Locality 2h were collected later than the time at which Matthew made his collections.
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Acrothele proles has the same type of surface as A. avia, also a strong shell that is often

thickened in the vicinity of the apex; the number and strength of the radiatiag ridges vary

with the thickness of the shell and the manner in which it laas been compressed laterally.

The position of the apex of the ventral valve varies a little, but on the average it is nearer

the posterior margin than in A. avia and not so near as in ^. prima (Matthew).

Formation and locality.—Middle Cambrian: (13m) o Sandstones of Division ESf in Matthew's [1903, p. 76]

Etcheminian, on Gillis Brook, Indian River; and (131') shaly sandstones of Division E3a; and (13n) sandstones of

Division ESf; both in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River; all in eastern Cape
Breton, Nova Scotia.

ACEOTHELE QUADEILINEATA Pompeckj.

Plate LVII, figure 5.

Acrothele quadrilineata Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45, Hft. 3, p. 511, PI. XIV,
figs. 6a-c. (Described and discussed in German as a new species; see below for liberal translation. Figs. 6b

and 6c are reproduced in this monograph, PI. LVII, figs. 5 and 5', respectively.)

The original description by Pompeckj foUows:

Ventral valve subcircular in outline; length, 7 mm.; width, 7.8 mm.; posterior margin slightly transverse.

Apex low and about 2 mm. from the posterior margin; details of apex unknown; false area narrow and indefinitely

defined from the apex to the posterior margin. Four flat ridges radiate from the apex toward the front margin. Sm-face

marked by strong, closely arranged, concentric lines that under the microscope show very indistinct granulations.

Dorsal valve unknown.

Pompeckj states [1896b, p. 511] that the ventral valve of this species is more arched than
that of Acrothele coriacea Linnarsson. It is evidently a forrq, closely allied to the latter and
also to Acrothele hohemica (Barrande), which occurs at the same stratigraphic horizon in the
" Paradondes green slate."

Formation and locality.—Middle Cambrian: (345d [Pompeckj, 1896b, p. 511]) Shales of Paradoxides zone,

Forester house of Slapy (Buchava quan-y), Skrej, Bohemia.

Acrothele eaea Walcott.

Plate LXIII, figures 4, 4a.

Acrothele rarus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 303-304. (Described and discussed as below as a

new species.)

Of this shell only the interiors of the valves are known. Shells of average size are about
3.5 mm. in diameter. The outline of the valves is subcircular, the transverse diameter being

shghtly more than the length of the valve.

The interior of the ventral valve shows that the valve was moderately convex, with a

perforated apex about half a millimeter from the posterior margin. A short, broad median
ridge extends for a short distance in front of the foraminal opening, and short, narrow ridges

extend obhquely forward from each side of the opening. Wliat may be lateral muscle scars

occur close to the posterolateral margins. In the dorsal valve a strong median ridge extends

from the posterior margin to the center of the valve; this ridge is angular at the summit and
broadest toward its anterior end. A vascular sinus starts on each side of the base of the

median ridge and extends obliquely forward.

The dark interior surface of the valves is marked by concentric lines that give a somewhat
laminated appearance to the surface. From the manner in which the shell adheres to the

limestone matrix it is probable that its outer surface is roughened by raised lines, somewhat
as on Acrothele subsidua (White)

.

The data for comparison of this species with described species from America and Europe
are too limited to be of value. A comparison with Acrothele (Redlichella) granulata (Linnarsson),

of the Salt Range, India, shows a strong similarity in the interiors of the valves, but I do not

a 13m is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were
collected later than the type specimens.
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think that it is probable that the two forms are specifically identical, as the interiors of the

valves of several species of Acroihele appear very much alike.

Formation and locality.—Middle Cambrian: (C57) Limestone nodules in the lower shale member of the

Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (first list of fossils)], 3 miles (4.8 km.) south of Kaokiapu and
about 4 miles (6.4 km.) north of Sintaihien, Sintai district; and (C23) upper part of thin-bedded gray oolitic lime-

stone at the base of the Changhia formation [Blackwelder, 1907a, p. 82 (list of fossils), and fig. 6 (bed 20), p. 25], 50

feet below the base of the cliffs 1 mile (1.6 km.) east-southeast of Changhia; both in Shantung, China.

ACEOTHELE SPUEEI Walcott.

Plate LX, figures 3, 3a-c.

Aa-oihele subsidua Walcott (in part) [not White], 1886, Bull. U. S. Geol. Survey No. 30, p. 109, PI. IX, fig. 4 (not figs.

4a-c). (Locality mentioned in discussion of A. subsidua. The specimen represented by fig. 4 is redrawn in

this monograph, PL LX, fig. 3. Figs. 4a-c belong with Acrothele subsidua.)

Acrothele subsidua Walcott (in part) [not White], 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 608, PL LXX, fig. 1

(not figs. la-c). (Mentioned. Fig. 1 is copied from fig. 4 of preceding reference. Figs, la-c belong with

Acrothele subsidua.)

Acrothele subsidua Walcott, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 103. (Dis-

cussed as possible new species.)

Acrothele spurri Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 86-87, PL VIII, fig. 14. (Described and

discussed as below as a new species. Fig. 14 is a revised drawing of the specimen represented by fig. 4 of the

preceding reference. Fig. 14 is copied in this monograph, PL LX, figs. 3, 3a-b.)

General form transversely ovate. Ventral valve depressed with an elevated apex a little

in front of the posterior margin; from the apex the surface slopes rapidly and then gradually

to the front margin, and quite rapidly to the posterior margin; the posterior margin arches

up from the plane of the sides of the valves about one-half the height of the apex and gives to the

valve the appearance of being pushed up so as to throw the apex toward the front; a minute

pedicle opening truncates the apex at its posterior side; a small, subtriangular, convex false

area extends from just back of the apex to the posterior margin.

Surface of the epidermal layer marked by fine, concentric striae of growth and a very

minute granulation; the inner laminations of the shell are shiny and marked by numerous

radiating striae and a few concentric lines. Shell corneous and built up of numerous layers or

lamellae more or less obhque to the outer layer.

Dorsal valve and interior of valves unknown. The largest ventral valve has a length of

6 mm.; width, 7 mm.
Oiservations.—This very striking species is associated with Acrotreta primseva Walcott and

Olenellus gilherti Meek, in the upper portion of the OleneUus zone of central Nevada. Some
fragmentary specimens of tliis species were referred by me [18S6b, p. 109] io Acrothele subsidua

(White) , but with better material and more thorough study, the Lower Cambrian specimens are

referred to A. spurri. A. spurri differs from A. subsidua in the more posterior position of its

apex, in its convex, distinctly marked false area; in its strongly arched posterior margia; and

in its more finely granulated surface. The convex false area and arched posterior margin are

features also seen in A. woodworthi of the Lower Cambrian (PI. LX, fig. 6).

The specific name is given in honor of Mr. J. E. Spurr.

Formation and locality.—Lower Cambrian : (31a) Limestone and interbedded siliceous shales of the Piocheformation

[Walcott, 1908a, p. 11], just above the quartzite on ike east side of the anticline, near Pioche, Lincoln County, Nevada.

Specimens that are somewhat doubtfully referred to Acrothele spurri Walcott occur at the

following locality:

Lower Cambrian: (11) Shales of No. 3 of the Silver Peak group [Walcott, 1908f, p. 189], 2.5 miles (4 km.) south of

Barrel Spring and 0.5 mile (0.8 km.) east of the road, in the extreme southeastern corner of the Silver Peak quadrangle

(U. S. Geol. Survey), Esmeralda County, Nevada.

Acrothele stjbsidxta (Wliite).

Plate LX, figures 1, la-o, 8.

Acrotreta? subsidua White, 1874, U. S. Geog. Surveys W. 100th Mer., Prelim. Rept. Invertebrate Fossils, p. 6.

(Described as a new species.)
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Acrotretaf subsiduayHBiTE, 1877, U. S. Geog. Surveys W. 100th Mer., vol. 4, pt. 1, pp. 34-36, PI. I,figs. 3a-d. (Described

essentially as in preceding reference and discussed. The specimens represented by figs. 3a and 3d are redrawn

in this monograph, PL LX, figs. 1 and In, respectively.)

Acrothele subsidua White, 1880, Proc. U. S. Nat. Mus., vol. 3, p. 47. (Merely changes generic reference.)

AcrotheU subsidua ("WTiite), Walcott (in part), 1886, Bull. U. S. Geol. Survey No. 30, pp. 108-109, PI. IX, figs. 4a-c

(not fig. 4). (Original description copied, but the paragraph added on p. 109 includes reference to specimens

now referred to Acrothele spurri. Figs. 4a-c are drawn from the specimens figured by White, 1877, PI. I, figs.

3a-d. Fig. 4 is now referred to Acrothele spurri.)

Acrothele subsidua (White), Walcott (in part), 1891, Tenth Ann. Kept. U. S. Geol. Survey, pp. 608-609, PI. LXX,
figs, la-c (not fig. 1). (The text reference mentions this species together with specimens which are now referred

to Acrothele spurri. Figs, la-c are copied from Walcott, 1886b, PL IX, figs. 4a-c, respectively. Fig. 1 is now
referred to Acrothele spurri.)

Acrothele subsidua (White), Beecher, 1891, Am. Jour. Sci., 3d ser., vol. 41, PL XVII, fig. 12. (No text reference.)

Acrothele subsidua ("White), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 100 and
103, PL III, figs. 30 and 31. (Mentioned.)

Acrothele subsidua (White), Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 110.

(Specimens from new locality characterized.)

Acrothele subsidua (White), Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 200, figs. 234d-e,

p. 199. (Described. Figs. 234d-e are copied from Walcott, 1886b, PL IX, figs. 4a-b, respectively.)

General form subcircular to transversely broad oval in outline with the posterior margin
broadly rounded to sUghtly transverse in the dorsal valve. Ventral valve slightly convex
toward the apex, with the apex between the posterior one-fifth to one-third the distance from
the front to the back margin. The apex when perfect is formed of two minute elongate tuber-

cles with a narrow elongate depression between them; the size and form of the tubercles and
depression between them varies; in some specimens the tubercles are united in front, and in

others there is a third minute tubercle just back of the apical depression. A pedicle opening

varying from a minute circular to a small elongate-ovate aperture, narrow in front, occurs at

the posterior end of the apical depression; it may have its narrow end well between the elongate

tubercles or back of them. A triangular false area is weU defined on some shells, and very

obscure on others; it is often divided midway by an elevated line which in some examples is

a narrow rounded ridge extending from just back of the pedicle opening to the posterior margin;

the concentric strige of growth cross the area and its median ridge or line without interruption;

casts of the interior show the outline of the false area more or less distinctly. The posterior

margin is usually shghtly arched beneath the false area.

The dorsal valve is depressed convex, with the greatest elevation in front of the posterior

margin; the beak is minute, marginal, and divided at the center by an elongate depression

that leaves a very minute, shghtly elevated, elongate tubercle on each side.

The exterior surface is marked by concentric lines of growth that vary in prominence

and strength, and some ventral valves have a few low, rounded, rachating costse; the costse

differ greatly in length and size, and are entirely absent on many shells. The epidermal layer

is ornamented -wdth a minute granulation formed of very minute granules distributed more
or less irregularly on irregular raised hues distinct from the concentric strise of growth, or

apparently at times superimposed on the latter. The shiny inner layers of the shell are marked
by fine, radiating strise and concentric hues and narrow radiating depressions corresponding

to the external costse. The shell is corneous and built up of tliin layers or lameUse that give it

some tliickness over the visceral portions; the inner lameUaj are slightly oblique to the outer

surface. The average size of the shells at the typical locahty at Antelope Springs is from

5 to 6 mm. in length by 6 to 7 mm. in width; a few miles distant and a httle liigher in the

strata, shells occur 8 to 10 mm. in diameter. Near Montpelier, Idaho, shells from 13 mm. in

diameter to young shells 3 mm. in diameter occur in the same bed of shale.

In the interior of the ventral valve a narrow main vascular sinus arches outward from each

side a little back of the pedicle opening, and then forward into the anterior half of the valve.

The pecUcle opening is elongate oval in outhne, and has a slightly elevated rim about it and
on each side a depression corresponding to the elongate tubercles on the exterior of the shell;

62667°—VOL 51, pt 1—12 42
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the visceral cavity in front of the opening is short, and in some shells very minute pits along

the front indicate muscle scars that are too imperfectly preserved to be identified.

In the posterior half of the interior of the dorsal valve there is a strong median ridge that

bifurcates near the center; this ridge enlarges where the central muscle scars (h) occur on its

outer slopes and contracts before bifurcating just in advance of the anterior lateral muscle scais

(j) (PL LX, fig. 1 1) . The main vascular sinuses originate near the posterior margin at the end

of the median ridge and extend first outward and then obhquely forward as narrow, nearly

straight sinuses that are most deeply impressed in the shell at the inner and outer margins.

The muscle scars have left very faint impressions on the shell. The cardinal scars (cl) are

small and situated at the sharp angle formed by the main vascular sinuses and the posterior

margin of the shell (PI. LX, fig. Ik). The size and position of the central scars (h) and anterior

lateral scars are indicated on Plate LX, figure 1 1.

I have been able to discover no trace of a true area in either valve; the posterior margins

of the valves show concentric strise and often the under side is striated, the surface apparently

not having been rubbed against the edge of the opposite valve.

Observations.—There are some noticeable variations in this species, one of which I have

separated as the variety Isevis. In addition there is a variation in the position of the apex

of the ventral valve that is often very marked; part of this variation is explained by the com-

pression and consequent distortion of the shells, but there is also a range in the distance of

the apex from the posterior margin of about one-fifth to one-third the length of the valve.

Acroihele suhsidua Isevis is separated on accoimt of the smoother surface of a large group

of shells occurring in the Middle Cambrian limestone near Ophir, Utah.

The specimens from the Ijower Cambrian of Pioche, Nevada, which I [1886b, p. 109]

referred to Acroihele suhsidua are now referred to A. spurri, as more perfect specimens show

that although they liave the same type of surface the apex of the ventral valve is nearer the

posterior margin and the posterior margin is strongly arched below the false area.

A. suhsidua is the Cordilleran representative of the Swedish Acroihele coriacea linnarsson

and the American Atlantic coast A. matihewi (Hartt). It differs from A. coriacea in its more

finely granulated surface, in the average more anterior position of the apex, in the average

more circular outline of the ventral valve, and in the main vascular sinuses and their branches

in the ventral valve. From A. matihewi it differs in sm-face characters and interior vascular

markings. A. suhsidua is much like Acroihele {RedlicheTla) granulata- (Linnarsson) in form

and size, but it differs in not having the strong granulations of the latter species upon its

outer sm-face, also in haviag different interior vascular markings.

The vertical range of this species in the House Range section is from the lower portion

of the Wheeler formation up iato the top of the Marjum limestone, a vertical distance of about

1,200 feet. In the shales of the Wheeler formation it is associated with Asaphiscus wheeleri

Meek, Ptychofaria Tcingi (Meek), and Agnostus interstrictus White. In the Marjum limestone

this famia disappears and a new subfaixna of the Middle Cambrian fatma appears in which

Oholus mcconneili (Walcott) and Micromitra (IphideUa) pannula ophirensis (Walcott) occur.

At Ophir, in the Oquirrh Range, Acroihele suhsidua Isevis is abundant at about the same

horizon as the lower portion of the Marjum limestone. On the west front of the Wasatch

Range, in Utah, it is associated with Oholus mcconneUi (Walcott) and Acrotreta ophirensis

Walcott.

Formation and locality.—Kiddle Cambrian : (55t) a About 350 feet (106.7 m.) above the Brigham quartzite,

in the limestone of the Ute limestone [Walcott, 1908a, p. 7], on the west side of the road, 0.5 mile (0.8 km.) above

the forks, Paradise Dry Canyon (locally known as East Fork), east of Paradise, Cache County, Utah.

(32p and 65e) Spence shale member of the Ute limestone, about 100 feet (30.5 m.) above the Brigham quartzite

[Walcott, 1908f, p. 197], at the mouth of the first small canyon south of Wasatch Canyon; and (S4c[) a drift block sup-

posed to have come from about 1,700 feet (518.2 m.) above the Brigham quartzite, a horizon correlated with the shales

forming 2d of the Bloomington formation in Blacksmith Fork Canyon [Walcott, 1908f, p. 195], in Wasatch Canyon;

both east of Lakeview ranch, about 5 miles (8 km.) north of Brigham, Boxelder County, Utah.

a The species is somewhat doubtfully identified from this locality.
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(15b) About 1,700 feet (518.2 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the Upper Cambrian,

in the shaly limestones and calcareous shales of the Wheeler formation [Walcott, 1908f, p. 181], near Swasey Spring;

(3s and 8g) same horizon as 15b, in the eastern part of Wheeler Amphitheater, east of Antelope Springs; (llu) lower

portion of the shales forming the Wheeler formation in Rainbow Valley; (4) drift pieces believed to have come from the

horizon of 15b, collected near Antelope Springs; (3x) about 2,200 feet (670.6 m.) above the I;Ower Cambrian and 2,200

feet (670.6 m.) below the Upper Cambrian in the limestones forming Id of the Marjum limestone [Walcott, 1908f, p.

180], 2.5 miles (4 km.) east of Antelope Springs, in ridge east of Wheeler Amphitheater; (llq, Hy, and 30g) about

2,350 feet (716.3 m.) above the Lower Cambrian and 2,050 feet (624.8 m.) below the Upper Cambrian, in the limestone

forming Ic of the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east of Antelope Springs, in ridge east

of Wheeler Amphitheater; and (lOy) about 2,900 feet (884 m.) above the Lower Cambrian and 1,500 feet (457.2 m.)

below the Upper Cambrian in the central part of la of the Marjum limestone [Walcott, 1908f, p. 179], about 1 mile

(1.6 km.) south-southwest of Marjum Pass; all in the House Range [Walcott, 1908f, Pis. XIII and XV], Millard County,

Utah.

(5b and 54s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic

sandstones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,

Idaho.

(55c and 163) Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], about 50 feet (15.2 m.) above
the Brigham quartzite and 2,755 feet (839.7 m.) below the Upper Cambrian, in a ravine running-up into Danish Flat

from Mill Canyon; and (59g) limestones immediately overlying the Spence shale member of the Ute limestone [Wal-

cott, 1908a, p. 8], in a saddle north of the creek which flows into Mill Canyon from the west; both about 5 miles (8

km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County, Idaho.

(58j) About 1,900 feet (579 m.) above the Lower Cambrian, and 3,100 feet (945 m.) below the Upper Cambrian
near the base of the limestone forming 2 of the Stephen formation [Walcott, 1908c, p. 238 (7)], on the east side of Mount
Stephen, about 3,000 feet (914 m.) above the Canadian Pacific Railway track east of Field; and (14s) about 2,300 feet

(701 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the Upper Cambrian, in the Ogygopsis zone of

the Stephen formation [Walcott, 190Sf, p. 210], on the northwest slope of Mount Stephen, above Field on the Cana-

dian Pacific Railway; both in British Columbia, Canada.

A.CROTHELE SUBSIDUA HERA Walcott.

Plate LX, figure 9.

Acrothele subddua hera Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 87, PL VIII, fig. 15. (Described

and discussed as below as a new species. Fig. 15 is copied in this monograph, PI. LX, fig. 9.)

This variety is separated from Acrothele subsidua (Wliite) by the more elongate outhne
of the ventral valve and more posterior position of the apex, the relative position of the latter

being between the posterior position of the apex of Acrothele spurri and the more anterior

position of the apex of A. subsidua. An obscurely defined false area begins at the apical open-

ing and diverges toward the margin. It is marked by a slight median ridge. The exterior

layers of the shell are exfoliated, carrying with them the outer portion of the apical opening.

The inner portion is rather large, and from the presence of an elongate tubercle on each side

it is apparent that there was a similar tubercle on the interior surface on each side of the apex

a little in advance of the opening.

The surface of an interior layer is marked by fine concentric lines, numerous very fine

radiating lines, and four sharp ridges that radiate from the apex to the front margin.

Observations.—This species is represented by a single specimen that occurs in the buff-

weathering gray limestone interbedded in the shale carrying fragments of Olenellus. It is

quite distinct from A. spurri, with wliich it is associated, and appears to be a progenitor of

A. subsidua, which occurs so abundantly in the Middle Cambrian strata much higher up in

the section.

Formation and locality.—Lower Cambrian: (31a) Limestone and interbedded siliceous shales of the Pioche
formation [Walcott, 1908a, p. 11], just above the quartzite on east side of anticline, near Pioche, Lincoln County,

Nevada.

L, Acrothele subsidua l^vis n. var.

This variety is distinguished by the partial or complete absence of the fine granulation

on the epidermal layer characteristic of Acrothele subsidua (White). The shells of the variety

have the same general outline and form as the species, and vary in size from 3 to 7 mm. in

diameter.
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I do not regard this variety as having much value, as there are numerous gradations from

the smooth surface to the granulated surface typical of the species.

The associated fossils indicate the central portion of the Middle Cambrian section at

about the horizon of the lower portion of the Marjum limestone of the House Range section

of Utah.

Formation and locality.—Middle Cambrian: (3e) TMn-bedded limestone less than 400 feet (121.9 m.) above the

quartzitic sandstones of the Cambrian, at Ophir, Oquirrh Range, Tooele County; and (3x) about 2,200 feet (670.6 m.)

above the Lower Cambrian and 2,200 feet (670.6 m.) below the Upper Cambrian, in the limestones forming Id of the

Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east of Antelope Springs, in ridge east of Wheeler Amphi-

theater, House Kange [Walcott, 1908f, Pis. XIII and XV], Millard County; both in Utah.

ACROTHELE TUENERI Walcott.

Plate LX, figures 7, 7a.

Acrothele tumeri Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 87-88, PI. IX, fig. 12. (Described and

discussed as below as a new species. Fig. 12 is copied in this monograph, PL LX, fig. 7.)

General outhne broad oval, ventral valve sUghtly conical, with the apex at about the

posterior third of the length of the valve; apex short and perforated on the back side of its

point by a minute pedicle opening; false area indicated by a sUght flattening between the

apex and posterior margin. Dorsal valve gently convex ; Ijeak marginal.

Surface marked by fine concentric hnes and strise of growth. Shell corneous and made
up of a few very thin lamellae.

The largest shell has a length of 2.5 mm.; width, 2.75 mm.
Observations.—Tins neat httle shell differs from Acrothele subsidua (White) in the absence

of the surface characters of that species and from A. spurri by the more anterior position of

its beak and smooth surface. It belongs to the group of J.cro<?ieZe represented by J., horgliolm-

ensis. (Compare PI. LX, fig. 7, with PL LXIII,' fig. 2.)

The specific name was given in honor of Mr. H. W. Turner.

Formation and locality.—Middle Cambrian: (7r) Calcareous shales- 4 miles {6.4 hm.) south-southeast of Emi-

grant Peak, Silver Peak quadrangle
( U. 8. Geol. Survey), Esmeralda County, Nevada.

Specimens that are somewhat doubtfully referred to Acrothele tumeri Walcott occur at the

following locality:

Middle Cambrian: (54a) About 750 feet (228.6 m.) above the Brigham quartzite and 3,440 feet (1,048.5 m.)

below the Upper Cambrian, in the shales forming 2a of the Ute limestone [Walcott, 1908f, p. 196], in Blacksmith Fork

Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Acrothele villaboimensis Delgado.

Acrothele villaboimensis Delgado, 1904, Communicafoes Commissao Servijo Geol. Portugal, tome 5, fasc. 2, p. 365,

PL IV, fig. 28. (Described and discussed in French as a new species.)

Obolella mamlata Delgado [not Salter], 1904, idem, p. 364, PL IV, fig. 24. (Discussed in French.)

Delgado [1904, p. 365] states that this species is characterized by the longitudinally oval

outhne of the ventral valve. The photograph of the type specimen shows that the apex is a

short distance from the posterior margin, and that distinct concentric lines of growth occur,

also that there are tliree or more fine plications near the front margin. The presence of the

plications appears to indicate that the specimen has been laterally compressed, and thus given

a longitudinally oval outhne. If this view is correct the outline of the ventral valve was prob-

ably nearly circular. It may be that Plate IV, figure 24, of "Obolella maculata" [Delgado, 1904,

p. 364] represents the dorsal valve of this species.

The onty form with which we can compare this species is Acrothele maculata (Salter)

of the Mddle Cambrian of Wales. Both species have the apex of the ventral valve far back

toward the posterior margin. Distorted specimens of the ventral valve of Acrothele maculata

have the same outline as the ventral valve of A. villaboimensis. It is not probable that they
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are identical species; they are associated with quite different faunas and little is known of

the specific details of either species.

Tliis species derives its specific name from its occurrence near Villa Boim.

Formation and locality.—Lower Cambrian: (351 [Delgado, 1904, p. 365]) Shales at Monte de Valbom, north-

east of Villa Boim, Province of Alemtejo, Portugal.

I

ACROTHELE WOODWORTHI Walcott.

Plate LX, figure 6.

Acrothele woodworthi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 88, PL IX, fig. 11. (Described and
discussed as below as a new species. Fig. 11 is copied in this monograph, PI. LX, fig. 6.)

Ventral valve transversely and irregularly oval in outline, convex, with the apex a little

back of the center of the valve; pedicle opening, as indicated by the matrix of the exterior,

just back of the apex; a subtriangular, gently convex false area is obscurely outlined by lines

radiating from the apex to the posterior margin; tlie posterior margin is arched upward one-

third or more of the distance from the plane of the margin of the valve to the apex.

Surface marked by concentric growth lines with fine striae between, and a number of low,

rounded, more or less obscure, radiating ribs. The shell is relatively thick and replaced by
the calcareous matter of the matrix.

Observations.—This species is based on two specimens of the ventral valve collected by
Prof. J. B. Woodworth. The generic reference is not entirely satisfactory as the pedicle open-

ing has not been clearly seen and tlie convex false area suggests the area of Micromitra (PI. II,

fig. 1) more than that of any Acrothele except A. spurri Walcott.

The specific name is given in honor of Prof. J. B. Woodworth.

Formation and locality.—Lower Cambrian: (326c) "Nahant limestone," Pulpit rock, Nahant, Essex County,

Massachusetts.

Acrothele yorkensis Walcott.

Plate LIX, figures 4, 4a-b.

Acrothele yorlcensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 88-89, PI. IX, fig. 10. (Described

and discussed as below as a new species. Fig. 10 is copied in this monograph, PL LIX, fig. 4.)

This species is represented by the casts, in the fine clay shales, of the exteriors of the valves,

and a few imperfect casts of the interior. The shell is large for a species of this genus. Ventral

valve moderately convex, with the apex in a specimen 9 mm. long 1.5 mm. from the posterior

margin. The general outline is subcircular, with the length and width approximately the

same. Dorsal valve with the apex marginal. The original convexity of the valves is unknown,
as all of the specimens are flattened in the shale.

Surface marked by concentric ridges and striae of growth, and a few obscure, rounded,

radiating ridges. In addition there is a fine granulation of the type of that of A. coriacea,

the irregular, more or less inosculating, minute, rounded ridges having fine tubercles upon
them.

A large ventral valve has a length and width of 11 mm. Other specimens of the same
size occur, although the average size is about 8 mm. Substance of the shell is unknown.

One or two poor interiors of the ventral valve show a small visceral cavity, and rather

slender main vascular sinuses that appear to originate beside the pedicle opening. The latter

opens on the back slope of the apex and enlarges as it passes through the shell. The interior

of the dorsal valve shows a rather strong central ridge that extends beyond the center of the

shell, also a rather small cardinal scar on each side of the median ridge close to the posterior

margin.

Observations.—This shell is of the general type of Acrothele matthewi (Hartt). It differs

in its larger size, and it is not probable that a species would occur in the inner Appalachian
trough which is present in the sediments near the margin of the Atlantic Basin. The fauna
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associated with A. yorkensis is of the Middle Cambrian type of the interior trough and
quite unlike that of the Paradoxides fauna of the Atlantic Coast Province. In size this species

approaches A. {Redlichella) granulata (Luinarsson), but it differs from that species in its miuutely

granulated surface.

This species derives its specific name from its occurrence near York, Pennsylvania.

Formation and locality.—Middle Cambrian: (48d) Argillaceous shales in railroad cut alongside of gas house,

city of York, York County, Pennsylvania.

AcROTi-iELE sp. undt. a.

Plate LXIII, figure 5.

This species is represented by a single specimen of a cast of the interior. This cast shows
the base of the apical opening, wlaich is rather large, a short visceral cavity, the central

portion of which was somewhat elevated, and clearly defined main vascular sinuses that originate

at the sides of the base of the pedicle opening, and extend forward well toward the front of the

valve, gradually diverging at the center, so as to be about one-third the distance from the

median ridge to the margin; rather strong muscle scars occur beside the main vascular sinuses,

where the latter curve forward into the body of the valve. Two scars, the transmedian and
anterior lateral, are clearly shown. A fragment of the shell is preserved back of the cast of

the pedicle opening that indicates that the shell was rather tliick over the umbonal portions.

The specimen has a length of 7 mm., with the breadth the same. Nothing is known of

the exterior surface. The interior shows a few obscure Unes of growth and fine radiating striae.

This species suggests the ventral valve of Acrothele yorkensis Walcott in form, but in the

absence of an exterior or other characters for comparison, no specific designation is given to it.

Formation and locality.—Lower Cambrian: (319b) Conglomeratic limestones containing OZeneZZwsf, St. Simon,

Province of Quebec, Canada.

_- Acrothele sp. undt. Moberg.

Acrothele Moberg, 1892, Geol. Foren. i Stockholm Forhandl. for 1902, Bd. 14, Hft. 2, pp. 114-115, PI. Ill, fig. 9.

(Described in Swedish; see below for translation.)

Moberg describes the species as follows:

Of this genus, none but exfoliated specimens have been met with . They do not appear to show characters sufficient

for specific determination. The shell has an almost circular circumference, with the back edge, along a distance

constituting about one-fifth of the whole circumference, somewhat truncated. From the apex, which is situated

near the posterior margin, the shell slopes pretty evenly both toward the anterior and the posterior margins, so that

these two parts form approximately a right angle with each other at the apex. Traces of concentric lines of growth

are visible.

In the position of the apex and the convexity of the ventral valve the cast of this shell

is much hke that of the forms from the Lower Cambrian of Bic, Canada (PI. LXIII, fig. 5).

Formation and locality.—Lower Cambrian : (310e) Sandstone bowlder on the beach between Eherum and Stora

Ror; (SlOf) sandstone bowlders west of Ekerum; and (310g) sandstone bowlders south of Stora Ror; all [Moberg, 1892b,

p. 115] on Oeland Island, Sweden.

REDLICHELLA Walcott, a subgenus of ACROTHELE.

Acrothele {Redlichella) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 89-90. (Described and discussed

as below as a new subgenus.)

Acrothele {Redlichella) Walcott, 1908, idem, vol. 53, No. 4, pp. 142 and 146, and PL XI. (Classification of subgenus.)

Tills subgenus of Acrothele has all the external characters of the type species of Acrothele,

A. coriacea Linnarsson. It differs in the interior markings of the valves. The visceral area

a The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Eedlichella

were formerly placed. It gives only those references in which the genus is discussed or described. To complete the record the following mere

generic references are listed:

Acrothele Linnarsson [1S76, p. 24].

Acrothele Swanston [1877, PI. VII, flgs. 20a-c].

Acrothele lyinnarsson [1877, p. 373].

Acrothele Davidson [18S3, p. 214].

Acrothele Walcott [ISSOb, p. 109].

Acrothele Swanston [188G, PI. VII, figs. 20a-c].

Acrothele Hall and Clarke [1892c, p. 100].



ACKOTRETID^. 663

of the ventral valve is large and clearly defined, as in Botsfordia granvlata (Redlich), and the

main vascular sinuses are very strong and close to the pedicle aperture, as in the latter species.

In the interior of the dorsal valve the cardinal scars are very large and extend forward nearly

one-tliird the length of the valve.

Type.—Acrothele granulata Linnarsson.

I was at first inchned to place this form under Botsfordia, but the advanced position of the

apex and pedicle opening of the ventral valve indicates a closer affihation with Acrothele. The

short Ustrium of Botsfordia has developed in Redlichella to the strong false area of Acrothele,

but the visceral area and main vascular sinuses of Botsfordia remain practically unchanged.

I regard Redlichella as a form intermediate in development between Botsfordia and Acrothele.

The subgeneric name is given for Dr. Karl A. Redlich, of the Geological Survey of India.

Acrothele (Redlichella) granulata (Linnarsson).

^ Plate LVI, figures 2, 2a-n.

Acrothele granulata Linnarsson, 1876, Bihang till K. svensk. V-«t.-Akad. Handl., Bd. 3, No. 12, p. 24, PI. IV, figs.

51a-c (and 52?). (Described and discussed in English as a new species.)

Acrothele sp., A. granulata Linnarsson, Swanston, 1877, Proc. Belfast Naturalists' Field Club, Appendix 4, for 1876-77,

PI. VII, figs. 20a-c. (No text reference.)

Acrothele granulata Linnarsson, 1877, Geol. Foren. i Stockholm Forhandl., No. 40, Bd. 3, No. 12, pp. 373-374, PI.

XV, figs. 12, 12a-b. (Described in Swedish.)

Acrothele granulata Linnarsson, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 214, PL XVI, figs. 29,

29a, 30, 30a-b. (Original description copied and species discussed.)

Acrothele granulata Linnarsson, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 109. (Mentioned as closely related

to Acrothele subsidua.)

Acrothele sp., A. granulata Linnarsson, Swanston, 1886, Systematic Lists, Flora, Fauna, Paleontology, and Archae-

ology, North of Ireland, vol. 1, PI. VII, figs. 20a-c. (Reprint of Swanston, 1877, PI. VII, figs. 20a-c.)

Acrothele granulata Linnarsson, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 100-

101. (Discussed.)

The shell of Acrothele (Redlichella) granulata resembles so closely that of Acrothele coriacea

Linnarsson (p. 642) that I will only call attention to the points of difference between them.

On the average, A. (R.) granulata is a longer, stronger shell; its surface is more coarsely

granular, the pedicle aperture is much larger, and the tubercles in front of it much smaller.

The false area is usually less distinct, but it is sometimes distinct and has a longitudinal median
line; the posterior margin arches up at the false area, and the dorsal valve arches up so as to

fit closely against the curved margin; the interior of the ventral valve of A. (R.) granulata

has a visceral area that is obtusely pointed in front and on each side extends out to the main
vascular sinuses, which originate nearer the pedicle opening than in A. coriacea. The main
vascular sinuses of A. (R.) granulata are much nearer the median line than those of A. coriacea.

The difference in the visceral area and vascular sinuses was found in specimens from the Para-

doxides forchhammeri beds of Gudhem, and also the P. cdandicus zone of Bornholm.

In the dorsal valve of A. (R.) granulata the cardinal scars are longer and nearer the median
ridge.

A large ventral valve has a length of 9 mm.; width, 10.5 mm. A large dorsal valve has

a length of 10 mm. ; width, 12 mm.
Acrothele (Redlichella) granulata is a form intermediate between the typical Acrothele

coriacea Linnarsson and Botsfordia granulata (Redlich). It has the exterior appearance of

Acrothele coriacea, and the apex of the ventral valve is well in advance of the posterior margin,

but the interior of the ventral valve has the strongly marked visceral area of Botsfordia gran-

ulata, and strong vascular sinuses that are close to the pedicle opening.

Formation and locality.—Middle Cambrian: (8z) Limestones of Paradoxides celandicus zone at Borgholm,

Oeland Island; (309f) shale at Borgholm, Oeland Island; (310o) limestone of the Paradoxides tessini zone at Borgholm,

Oeland Island; (320s [Linnarsson, 1877, p. 374]) at St. Fro, Oeland Island; (320b) limestones forming 2d of the Para-

doxides zone, the Agnostus Isevigatus horizon, at Gudhem, 12. .5 miles (20.1 km.) south-southeast of Skara, Province

of Skaraborg; {320 i [Linnarsson, 1876, p. 24\) drift blocks supposed to have come froin the Paradoxides celandicus zone

[Linnarsson, 1876, p. 6], at Lillviken, near Oestersund, Province of Jemtland; and (320t [Linnarsson, 1876, p. 24]) on

Billstaan River, parish of Hackas, Province of Jemtland; all in Sweden.
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Genus DISCINOLEPIS Waagen.

[dltTKoc, quoit; and ker^ic, scale.]

Disdnolepis Waagen, 1885, Mem. Geol. Survey India, Paleontologia Indica, 13th ser., Salt Range Fossils, vol. 1,

pt. 4, fas. 5, pp. 749-750. (Described and discussed as a new genus, part of the next to the last paragraph being

copied below.)

Disdnolepis Waagen, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 247.

(Described.)

Disdnolepis Waagen, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 563. (Copy
of preceding reference.)

Disdnolepis Waagen, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 90. (Original

description, Waagen, 1885, p. 749, copied.)

Disdnolepis Waagen, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 146. (Classi-

fication of genus.)

As this genus is based on one species, the description of the latter will give all that is

known of the genus. Waagen [1885, p. 749] states that this genus diifers from all described

genera of the Discinidse:

From Disdna, Disnnisca, and Orhiculoides it differs in having an incision and not a slitlike foramen in its lower

valve for the passage of a peduncle. In Trematis a similar incision or emargination seeras sometimes to occur, but

the sculpture of the valves is quite different from that appearing in Disdnolepis. Schizocrania has an incision, but

it is much larger than in the Indian form.

Type.—Disdnolepis granulata Waagen.

DisciNOLEPis GRANULATA Waagen.

Plate LXXXI, figures 3, 3a-b.

Disdnolepis granulata Waagen, 1885, Mem. Geol. Survey India, Paleontologia Indica, 13th ser.. Salt Range Fossils,

vol. 1, pt. 4, fas. 5, pp. 750-751, PL LXXXVI, figs. 5, 6, and 7. (Described and discussed as a new species.

The specimen represented by fig. 6 is redrawn in this monograph, PL LXXXI, fig. 3; the specimen represented

by fig. 5 is redrawn (in different positions) in this monograph, PL LXXXI, figs. 3a and 3b.)

Disdnolepis granulata Waagen, 1891, idem, vol. 4, pt. 2, PL II, figs. 15 and 16. (No text reference. Figs. 15 and 16

are drawn from the specimens represented in the preceding reference, PL LXXXVI, figs. 5 and 6, respectively.)

Disdnolepis granulata Waagen, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891

p. 247, figs. 256 and 257. (No text reference. Figs. 256 and 257 are copied from Waagen, 1885, PL LXXXVI
figs. 5b and 7, respectively.)

Disdnolepis granulata Waagen, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891

p. 563, figs. 256 and 257. (Copy of preceding reference.)

Disdnolepis granulata Waagen, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 90, figs

45 and 46. (No text reference. Figs. 45 and 46 are copied from Waagen, 1885, PL LXXXVI, figs. 5b and 7

respectively.)

Shell transversely broad oval. Ventral valve nearly flat except at the umbo and apex.

Apex a httle in front of the posterior margin and about three-fourths of a millimeter high; it

is divided by a median depressed line which gives a slightly elevated semicircular node on each

side. From the depressed median line a narrow, elongate, triangular opening extends to the

margin of the valve; this opening has the position and form of the false deltidium of some

species of Acrotreta, but there is no outline of an area. The lines and striae of growth arch

around and terminate at the edges of the opening.

Surface of the shell marked by fine concentric lines of growth and fine papillae which are out-

lined by oblique lines curving from each side of the shell forward and then outward to the

opposite side from which they originate. It is the same type of surface as that on Micromitra

CipTiidella) pannula (White) (PI. IV). Where the surface is slightly worn the papillae appear like

fine granules.

The substance of the shell appears to be calcareocomeous and the shell to be made up of

several thin lamellae. The two ventral valves are 5 mm. in width and 4 and 5 mm. in length,

respectively.

These measurements differ from Waagen's, but as the shells are imperfectly preserved at

margins the size assumed is a matter of personal judgment.
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Waagen [1885, p. 750] describes the dorsal valve from specimens on a slab of sandy shale

that are more or less crushed. The surface of these shells is marked only by very fine concentric

strise and two show an opening beneath the apex similar to that of the ventral valve of Dis-

cinolepis granulata. I do not find in the material any clearly defined dorsal valve with the papil-

lose surface. The material representing the concentrically striated species is too poorly pre-

served to warrant the description of a second species. I do not know of any related species.

I am indebted to the director of the Geological Survey of India, Dr. T. H. Holland, for the

opportunity to study and illustrate the type material of this genus and species.

Formation and locality.—Middle Cambrian: Lower portion of the "Neoholus beds" of the Khussak group, in

purplish-colored, fine-grained, micaceous sandstone at the following localities [Waagen, 1885, p. 751]; (357a) at Jutdna;

and (357c) near the fresh-water springs in the gorge above the salt mines at Kiura (Khewra); both in the Salt Range,

India.

Subfamily ACROTRBTIN^E Walcott and Scliucliert.

Genus LINNABSSONELLA Walcott.a

Linnarssonella Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 601-602. (Described and discussed as below as a

new genus.)

Linnarssonella Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 146. (Classification of

genus.)

Ventral valve convex with a slightly incurved beak projecting over a low false area.

Pedicle opening at the apex of the beak. A very slight trace of a pseudodeltidium occurs

beneath the beak, dividing the false area midway, as in the genus Micromitra; the false area

arches slightly upward and backward in some specimens, while in others of the same species

its edge is nearly coincident with the plane of the edge of the shell. The true cardinal area is

well defined and strongly marked by a shallow pedicle furrow (PI. LXXVIII, figs. 8e and 9b).

The dorsal valve is shghtly convex, with a minute beak at the posterior margin. Surface

marked by very fine concentric strise and undulations of growth. Shell strong, thick, and
built up of a thin outer layer and numerous inner layers or lamellae that are arranged more or

less obhquely to the outer layer. All the known species are small, not exceeding 2.5 mm. in

diameter.

The cast of the interior of the ventral valve shows the presence of two well-marked car-

dinal scars, one on each side of the main vascular canals well toward the posterior border of

the valves. The main vascular canals of the ventral valve were large, extending nearly to the

frontal margin, and including between them back of the center of the valve a small visceral

area. The cast of the pedicle opening occurs just in front of the union of the main vascular

sinuses. The cast of the interior of the dorsal valve (PI. LXXIX, fig. 1 1) shows two large

cardinal scars; two central scars (li); and traces of a minute anterolateral scar (j); strong

vascular canals; a well-defined area and pedicle furrow; and a narrow median ridge extending

in some shells to the anterior third of the valve.

Type.—Linnarssonella girtyi Walcott; second species, L. minuta (Hall and Whitfield);

third species, L. tennesseensis Walcott.

This is a most interesting type, combining characters of Micromitra and Acrotreta. Bicia,

of the Olenellus fauna, has a strikingly similar dorsal valve, and the ventral valve is not unlike

if the narrow pedicle furrow of Bicia is closed so as to provide a pedicle aperture.

Linnarssonella girtyi occurs in great abundance in a single layer in the Middle Cambrian
of the Black Hills, North Dakota; also at two localities at the same relative stratigraphic

horizon in Oklahoma and at several locahties in the Middle Cambrian limestones of Missouri.

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Linnarssonella

were formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed:

Lingulepis? Hall and Whitfield [1877, p. 206).

Lingulepis? Walcott [1884b, p. 13).

Obolella? Walcott [1897a, p. 404].

Lingulella Schuchert [1897, p. 257].

Obolella Walcott [1899, p. 443].

Acrotreta Walcott [1901, p. 673].

Meekina Walcott [1905a. p. 313],
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The Missouri specimens were at first thouglit to be a distinct species, to wliich the name
L. hroadheadi was given, but the description was not published. By oversight the name
L. hroadheadi was pubhshed [Walcott, 1902, p. 601] in the preliminary notes on the genus.

Tlie valves of L. minuta almost cover a fragment of sandy shale from the Eureka district,

Nevada. Linnarssonella tennesseensis is fairly abundant in sandy shales and thin-bedded sand-

stones, also in argillaceous shales above the sandstone of the Rome formation. Three

species occur in tlie Upper Cambrian of the House Range section of western Utah. The lowest

in the section is L. transversa; about 200 feet higher in the section, L. modesta; and a short

distance above, L. nitens. These species occur in abundance in the bluish-gray limestones.

Linnarssonella urania is moderately abundant in the Middle Cambrian, compact, dove-colored

limestones of the Wasatch Range.

Failing to establish a satisfactory genus in honor of Linnarsson in the first instance," I

make another attempt with this rare and interesting form.

A_ Linnarssonella girtyi Walcott.

Plate LXXVIII, figures 5, 5a; Plate LXXIX, figures 1, la-r.

Linnarssonella hroadheadi Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 601. (Name referred to but not defined

or described. &)

Linnarssonella girtyi Walcott, 1902, idem, pp. 602-603. (Described and discussed as below as a new species.)

Shell minute. General form broad ovate to subcircular. Ventral valve convex; beak

small and slightly incurved over the false area; false area short and varj^mg from vertical to

a backward inclination of 45° to 50° with the plane of the edge of the valve; in some examples

the margin of the false area arches (PI. LXXIX, fig. la') but in others it appears to be straight

(fig. lb). A very slightly indicated pseudodeltidium occurs beneath the beak that gradually

widens to the margin, very much as in Micromitra fealei. Pedicle opening minute exteriorly,

but the tube increases in size toward the inner surface of the shell. In one very perfect shell

the aperture appears to open into a narrow elongate depression just in front of the beak, but

it usually is seen as a minute, circular perforation at the apex of the beak. Dorsal valve

gently convex, with a minute beak at the posterior margin. Surface of the shell glossy and

smooth to the unaided eye, but a strong magnifier shows very fine concentric striae and lines

of growth; the inner surface is marked outside of the visceral area by very fine radiating striae.

The shell is formed of several layers or lamellae, and, judging from the depth of the impressions

of the muscle scars and vascular markings, rather tliick over the central and posterior por-

tions. The average length of the ventral valve is 1.5 to 1.75 mm.; the dorsal valve is slightly

shorter.

The cast of the interior of the ventral valve shows the presence of a large cardinal scar

on each side of the visceral area, and outside of the very strong vascular canal; they are oval

in outline and probably the point of attachment of a strong muscle or muscles; their variation

in size and position is shown by Plate LXXIX, figures Ik and Im-p. The visceral area is

small, but is well defined in Plate LXXIX, figures In, lo, and Ip. Of the vascular canals only the

main trunks are shown by strong lidges in the casts, their form and extension being finely exhibited

by figures Im to Ip; in figure Ik they extend almost in a direct line from the beak to the

anterolateral margins of the valve. The cast of the interior of the pedicle tube is usually

broken ofi^; its position is shown in Plate LXXIX, figure In. The mterior of the dorsal valve

is beautifully shown by figure 1 1 ; the strong cardinal area with its well-defined pseudodeltidium,

the large oval cardinal scars immediately in front of the area, and the strong vascular canals

are as clearly defined as in the large shells of Oholus. The cardinal scars are divided into three

parts by two transverse lines crossing the outer slope more or less obliquely, but the divisions

on the two sides are unequal; the inner slopes of the scars are finely pohshed and afl'ord no

evidence of the attachment of muscles. Traces of the central scars occur on the outer slope

o Linnarssonia [Walcott, 1885, p. 115], now referred to AcToiTd%.

i Under the impression that the foims were distinct this name was given to them, and the name was overloolied when the description of the

genus was published (Walcott, 1902, p. 601].
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of the cast of a rather strong median ridge; they are elongate oval in outline, the major axis

inclining posteriorly toward the median ridge. Wliat may be the impression of an antero-

lateral scar occurs on the median ridge a little in advance of the central scars.

Ohservations.—Linnarssonella girtyi differs from L. minuta (Hall and Whitfield) in the

greater convexity of the ventral valve and the median ridge of the dorsal valve. The Oklahoma
specimens show a longer false area (PI. LXXIX, fig. Iq") on some shells but on others it is

much like that of L. girtyi from the Black Hills.

The specific name is given in recognition of the paleontologic work of Dr. George H. Girty.

Formation and locality.—Upper Cambrian: (369) Sandstone in the Blvins formation in the eastern limits of the

town of Flat River, St. Francois County, Missouri.

(9q) About 10 feet (3 m.) above the porphyry contact and 90 feet (27.4 m.) below the Arbuckle limestone, in

limestone of the Reagan sandstone, in middle of W. J sec. 2, T. 4 N., R. 13 W.; (9r) about 45 feet (14 m.) above the

porphyry contact in the limestone of the Reagan sandstone, in SE. } NE. J sec. 2, T. 4 N., R. 13 W.; and (9p) about

160 feet (48.8 m.) above the porphyry contact in the limestone of the Reagan sandstone, in SE. J NE. J sec. 2, T. 4

N., R. 13 W.; all about 15 miles (24.2 km.) northwest of Fort Sill, Comanche County, Oklahoma.

(9v) Limestone of the Reagan sandstone, about 250 feet (76 m.) below the Arbuckle limestone, SW. J sec. 17, T.

4 N., R. 12 W., about 11 miles (17.7 km.) northwest of Fort Sill, Comanche County, Oklahoma.

(12p) About 225 feet (69 m.) above the igneous rocks in the limestone of the Reagan sandstone at the northwest

extremity of the Arbuckle Mountains, about 4 miles (6.4 km.) east of Homer, Carter County, Oklahoma.

(14i) Limestone 1 mile (1.6 km.) west of Cherokee, San Saba County, Texas.

(32t) Limestone about 3,650 feet (1,112.5 m.) above the Cambrian quartzitic sandstones, in Fandango Spring

canyon on the east side of the Dugway Range, about 5 miles (8 km.) north of where the stage road between Vernon
and Deep Creek crosses the divide, Tooele County, Utah.

Middle Cambrian: (88a) Limestone about 100 feet (30.5 m.) above the quartzitic sandstone at the base of the Cambrian,

in the northern suburbs of Deadwood; (165) limestone on the east side of the valley in railroad cut about 1 mile (1.6

km.) below the main part of Deadwood; and (17k) limestone thrown out on the dump of the Great Northern shaft,

southeast of Twobit; all in the Black HUls, South Dakota.

(Ilk) Limestones of the "Edgewise beds," beneath the Elvins formation, St. Francois County; and (lie) thin-

bedded limestone south-southwest of Potosi, Washington County; both in Missouri.

(313e) Limestone 2 miles (3.2 km.) west of Green's ranch, White Pine County, Nevada.

A shell that is somewhat doubtfully referred to this species occurs at the following locality

:

Upper Cambrian: (9q) About 10 feet (3 m.) above the porphyry contact and 90 feet (27.4 m.) below the Arbuckle

limestone, in limestone of the Reagan sandstone, in middle of W. | sec. 2, T. 4 N., R. 13 W., about 15 miles (24,2

km.) northwest of Fort Sill, Comanche County, Oklahoma.

Linnarssonella minuta (Hall and Whitfield).

y
Plate LXXIX, figures 2, 2a-b.

lAngulepis? minuta Hall and Whitpield, 1877, U. S. Geol. Expl. 40th Par., vol. 4, pt. 2, pp. 206-207, PI. I, figs. 3

and 4. (Described and discussed as a new species. The specimens represented by PI. LXXIX, figs. 2, 2a-b,

occur on the same hand specimen of sandy shale as the specimens figured by Hall and Whitfield, but they are

not the same specimens.)

I/ingulepis? minuta Hall and Whitfield, Walcott (in part), 1884, Mon. U. S. Geol. Survey, vol. 8, p. 13. (Localities

and range mentioned, see p. 668.)

Obolella? minuta (Hall and 'V^Tiitfleld), Walcott, 1897, Am. Jour. Sci., 4th ser., vol. 3, p. 404. (Merely changes

generic reference.)

Lingulella minuta (Hall and Whitfield), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 257. (Merely changes

generic reference.)

Obolella minuta (Hall and Whitfield), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 443. (Merely changes

generic reference.)

Acrotreta minuta (Hall and Whitfield), Walcott, 1901, Proc. U. S. Nat. Mus., vol. 23, p. 673. (Merely changes generic

reference.)

Linnarssonella minuta (Hall and Whitfield), Walcott, 1902, idem, vol. 25, pp. 603-604. (Described and discussed

as below.)

Shell small; general form broad ovate, with the ventral valve slightly subacuminate.

The convexity of the two valves is nearly the same and in each the minute beak appears to

be at the posterior margin. The false area of the ventral valve is small and divided midway
by a faint, narrow pseudodeltidium; it is on the plane of the margin of the valve. Pedicle
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opening minute, elongate, and situated on the slope just in front of the beak. Dorsal valve

a trifle less convex than the ventral.

The outer surface of the shell is marked by fine concentric striae and lines of growth, and
the inner lamellse and inner surface are marked by fine radiating strise. The shell is formed
of several thin layers or lamellse, those of the anterior and lateral portions being more or less

oblique to the outer surface layer; the shell is also thickened in the visceral region by irregular

additions on the inside. The average length of the ventral valve is 2 to 2.5 mm.; the dorsal is

a little shorter. The interior of the ventral valve shows a cardinal scar on each side well out

toward the lateral margin, which corresponds to the position of the transmedian and antero-

lateral scars in Oiolus apoUinis. The visceral area is small and compressed between the sinuses

occupied by the large, maiti vascular canals. The irmer opening of the pedicle tube is oval

and situated at the posterior portion of the visceral depression at the margin of the area. The
main vascular canals start near the beak and gradually diverge toward the anterolateral

margins of the valve. The interiors of the dorsal valve associated with the two ventral valves

illustrated are all so imperfect that only a median ridge like that in Acrotreta can be clearly

determined; this ridge varies greatly in size and length in different specimens.

Ohservations.—In a hasty examination of this species [1884b, p. 13] I confused the dorsal

valve with that of Acrotreta and considered the ventral valve as the type, placing it under

Lingulepis, stating that it had nearly the same vertical range and geographic distribution as

Oholus msera. As now known it is confined to the following localities, one of the two being the

locality discovered by the geologists of the Fortieth Parallel Survey.

The generic reference is somewhat doubtful on account of our limited knowledge of the

interior of the dorsal valve and the position of the area of the ventral valve.

Formation and locality.—Ordovician: (313k) Limestone in the White Pine district, Nye County, Nevada.

TTpper Gambiian: (3131i) Sandy shale on Hamburg Ridge, Eureka district [Hague, 1892, Atlas], Eureka County,

Nevada.

LiNNARSSONELLA MODESTA Walcott.

Plate LXXVIII, figures 8, 8a-t.

Linnarssonella modesta Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 90-91, PI. IX, figs. 8 and 8a. (De-

scribed and discussed as below as a new species. Figs. 8 and 8a are copied in this monograph, PL LXXVIII,
figs. 8 and 8e, respectively.)

Shell minute; general form subcircular. Ventral valve moderately convex; beak small

and shghtly incur s^ed over a very low false area; pedicle opening minute exteriorly, with a

sHghtly elevated, sharp ridge on each side a httle in advance of the point of the beak; seen

from the back, the minute aperture points backward from the bottom of a pit between the

two short, sharp ridges; in a specimen from a layer of limestone a short distance above in

the section, the aperture is at the point of a small nipple-Hke projection, apparently formed

by the union of the ends of the ridges already described on each side of the aperture. Dorsal

valve slightly convex, with a minute beak at the posterior margin.

Surface dull when the outer layer of ths shell is preserved; it is marked by a few very

fine, concentric lines of growth. The inner surface is marked by concentric lines and a few

fine radiating lines. The shell is formed of several layers or lamellae and is relatively thin.

The average diameter of the adult shell is from 1.75 to 2.25 mm.; the dorsal valve shghtly

shorter than the ventral.

The cast of the interior of the ventral valve shows a slight, longitudinal, median elevation

and two short, not very strongly marked main vascular sinuses; several specimens indicate

a slight cavity just beneath the aperture, which probably represents the inner side o£ the

pedicle tube. The interior of a dorsal valve shows main vascular sinuses quite close to the

outer margin; also two small, rounded median depressions a short distance in front of the

posterior margin.

Ohservations.—This shell occurs in great abundance on the surface of shaly, gray lime-

stone, about midway of the strata referred to the Upper Cambrian in the House Range
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section. It differs from L. nitens, wliich occurs a short distance above it in the section, and

with which it is also associated, in having a less elevated ventral valve and a less convex dorsal

valve; and from L. transversa in being more rounded in outline and less convex. It appears

to be more nearly related in form to L. minuta (Hall and Whitfield); it differs, however,

materially in the character of the interior markings of the ventral valve, features which also

separate it from L. girtyi Walcott and L. tennesseensis Walcott.

Formation and locality.—Upper Cambrian: (30k) 1,150 feet {350.5 m.) above the Middle Cambrian and 2,175

feet (662.9 m.) below the top of the Upper Cambrian, at the top of the arenaceous shales and -Urruistones forming le of the

Orr formation [Walcott, 1908f, p. 176]; and (31t) about 1,175 feet (358.1 m.) above the Middle Cambriaa and 2,150

feet (655.3 m.) below the top of the Upper Cambrian, in the limestone forming Id of the Orr formation [Walcott, 1908f,

p. 176]; both on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII],

Millard County, Utah.

(^
LlNNARSSONELL.4. NITENS Walcott.

Plate LXXVIII, figures 7, 7a.

Linnarssonella nitens Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 91, PI. IX, fig. 7. (Discussed as

below aa a new species. Fig. 7 is copied in this monograph, PL LXXVIII, fig. 7.)

The outline of the valves and the exterior appearance of this shell are much hke those of

L. modesta. It differs in having on the ventral valve a low, distinct area, with the perforated

apex directed backward on nearly the same plane as the umbo, or most elevated portion of

the valve. The dorsal valve is more convex and its interior has a strong median ridge extend-

ing forward from the posterior margin about two-thirds of the distance to the front margin,

a feature but httle developed in L. modesta. From L. minuta (Hall and Whitfield) it differs

in the Mgher apex of the ventral valve, and from L. transversa in the latter character and in

the more circular outline of the aperture of the valves.

A single specimen of L. modesta was found associated Math this species.

In size L. nitens varies from 1.5 to 2 mm. in diameter.

Formation and locality.—Upper Cambrian: (Sit) About 1,175 feet (358.1 m.) above the Middle Cambrian and

2,150feet (655.3 m.) below the top of the Upper Cambrian, in the limestoneforming Id of the Orrformation [Walcott, 190Sf,

p. 176], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House Range [Wakott, 190Sf, PI. XIIT], Millard

Count!/; and (32g) about 2,575 feet (784.9 m.) above the Cambrian quartzitic sandstones, in a blue limestone about

2,miles (3.2 km.) southeast of Muskrat Spring, on the northwest face of Grantsville Peak, Stansbury Range, Tooele

County; both in Utah.

Linnarssonella tennesseensis Walcott.

i/ Plate LXXIX, figures 3, 3a-k.

Linnarssonella tennesseensis Walcott, 1902, Pror. U. S. Nat. Mus., vol. ^5, pp. 604-605. (Described and discussed

as below as a new species.)

Meekina prima Walcott, 1905, idem, vol. 28, p. 313. (Name referred to, but it was not defined or used elsewhere. «)

General form of ventral valve rounded subtriangular, moderately convex, with the beak

curving gently over a very low false area nearly to the posterior margin. Pedicle opening

minute and situated a little in front of the beak.

Surface of shell marked b}^ fine concentric stri^ and hues of growth. The interior surface

shows a few fine, radiating strige. Shell rather thick and built up of several thin layers or

lamellae.

The cast of the interior of the ventral valve shows small cardinal scars and a minute pedicle

tube directed backward, very nmch as in Oholella atlantica Walcott (PI. LV, figs. If-h). The

area is sliort, narrow, and diA'ided by a deep, narrow pedicle furrow; on each side of the latter

the area projects into the valve so as to form a shelf, with a thickening at the interior angle

next to the pedicle furrow; the central visceral area is confined mainly to the deep median

groove; an elevated area about the anterior end of the groove probably served as the point

of attachment of the central muscle; the main vascular sinuses are very strong and project

well toward the front part of- the vaU^e; the composite cardinal muscle scars, wliich served

a A shell js referred to as Meeldm prima, but before the generic or specific description was published I found that the specimens were casts

of the interior of Lmnarssonella tennesseensis.
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as the point of attachment of tlie transniedian and anterior hxterals, are situated close to the

posterior lateral margin of the valve.

The dorsal valve has a very short and narrow area, with a small but distinct slightly con-

cave shelf-like projection in front of it; on each side near the posterior lateral margins a strongly

defined cardinal posterior muscle scar occurs that served as the point of attachment of the

transmedian, outside lateral, and middle lateral muscles. The central scars are a little in

advance of the center of the valve. None of the specimens show the main vascular canals

except at their base. The shells average about 3 mm. in diameter.

Observations.—The material representing this species occurs as casts of the interior and
exterior surfaces, in a fiire argillaceous shale. It is owing to the removal of the shell substance

by solution that the cast of the area and area-like shelf of the dorsal valve is so clearly shown,

also the posterior muscle scars, visceral area, etc., of the ventral valve.

The shell has the general outhne of Linnarssonella girtyi Walcott; but it differs in having

the ventral valve more acuminate, less convex, and in the apex curving over nearly to the

posterior margin. It has the outline of L. minuta (Hall and Whitfield), but not the strong

vascular sinuses and small cardinal scars of the ventral valve of that species.

The perforate ventral valve and large cardinal muscle scars relate this species to Linnars-

sonella. The composite cardinal muscle scars, area, and projection of the inner angles of the

area into the area of the ventral valve, and also the interior of the dorsal valve, suggest Dicel-

lomus. The spondylium-hke shelf of the dorsal valve, indicated in the cast, may be only the

cast of the area projecting out into the valve (PI. LXXIX, fig. Ir, of Linnarssonella girtyi).

The cardinal scars and shelf-like areas of the valve separate this species from Oholella.

Formation and locality.—Tipper Cambrian: (31t) About 1,175 feet (358.1 m.) above the Middle Cambrian and

2,150 feet (655.3 m.) below the top of the Upper Cambrian, in the limestone forming Id of the Orr formation [Walcott,

1908f, p. 176], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House Range [Walcott, 1908f, PI. XIII],

Millard County, Utah.

Middle Cambrian: (13) Sandstones of the Rome formation, 1.5 miles (3.4 hm.) east of Post Oah Springs [Hayes,

1894, areal geology sheet], Roane County; (107b) shales in railroad cut in Bull Run, northwest of Copper Ridge [Keith,

1896b, areal geology sheet], 11 miles (17.6 km.) northwest of Knoxville, Knox County; and (12) sandy shale on Webbs
Ridge in gap west of Simpson's farm, 6 miles (9.6 km.) northeast of Knoxville, Knox County; all in Tennessee.

Linnarssonella transversa Walcott.

Plate LXXVIII, figures 6, 6a-c.

Linnarssonella transversa Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 92, PI. IX, fig. 6. (Discussed as

below as a new species. Fig. 6 is copied in this monograph, PI. LXXVIII, fig. 6.)

This is a small shell tliat at first sight suggests L. modesta; it differs from that species in

the valves being more convex, transverse instead of circular, and in having stronger concentric

stria, and, in some instances, radiating strise. A few fragments of the interior of the dorsal

valve indicate that the main vascular sinuses are well out toward the outer margin, and that

small circular depressions occur on each side of the median hne, very much as in the dorsal

valve of L. girtyi Walcott (PI. LXXIX, fig. Ir), and that two small central muscle scars are

midway between the posterior and anterior margins of the valve. The average shell has a

width of 2 mm., with a length of from 1.5 to 1.75 mm.
L. transversa differs by its transverse outUne from all other known species of the genus.

Formation and locality.—Upper Cambrian: (30j) About 950 feet (289.6 m.) above the Middle Cambrian and

2,450 feet (746.8 m.) below the top of the Upper Cambrian, near the base of the arenaceous shales and limestone forming

le of the Orr formation [Walcott, 1908f, p. 176], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House

Range [Walcott, 1908f, PI. XIII], Millard County, Utah.

Linnarssonella urania Walcott.

Plate LXXVIII, figures 9, 9a-c.

Linnarssonella urania Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 92-93, PI. IX, figs. 9 and 9a. (De-

scribed and discussed as below as a new species. Figs. 9 and 9a are copied in this monograph, PI. LXXVIII,
figs. 9a and 9c, respectively.)

Shell minute, general form elongate oval. Ventral valve convex; apex minute and curved

down nearly to the plane of the margin of the valve ; false area, if present, must be very narrow.
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Pedicle opening situated on the umbo a short distance above the point of the beak; on some

shells it opens on the plane of the surface of the valve, and on others it has a rounded, shghtly

elevated margin. Dorsal valve slightly convex, with a minute beak at the posterior margin.

Surface of the shell glossy, with very fine concentric strise and Unes of growth. A ventral valve

2.5 mm. in length has a width of 1.75 mm. The dorsal valves are somewhat shorter in propor-

tion to the width.

A partial cast of the interior of the ventral valve shows a small visceral area in front of the

pedicle opening. The interior of the dorsal valve is marked by a strong central ridge that

extends from the beak four-fifths of the distance to the front margin; on each side of the median

ridge, near the posterior margin, there is a rather large, clearly defined cardinal muscle scar.

Observations.—This species differs from L. girtyi Walcott in not having a false area in the

ventral valve, and also in the position of the pedicle opening. The incurved apex is more hke

L. modesta, but the form of the ventral valve and the position of the pedicle aperture are quite

different.

Formation, AND locality.—Middle Cambrian: (55u) Limestones about 200 feet (61 m.) above the Lower Cam-
brian [see Walcott, 1908f, p. 171], 0.25 mile (0.4 km.) below the Maxfield mine, in Big Cottonwood Canyon, on the

west front of the Wasatch Mountains, southeast of Salt Lake City, Salt Lake County, Utah.

Genus ACROTRETA Kutorga.o

{Siipoc, at the top; and T/»)T(Sf, bored through.]

Acrotreta Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, pp. 259 and 260 (notes

on genus), and p. 275 (described in German as a new genus; see p. 672 for translation).

Acrotreta Kutorga, Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, pp. 316 and 318. (Characterized and
discussed.)

Acrotreta Kutorga, Davidson, 1853, British Fossil Brachiopoda, vol. 1, Introduction, No. 3, p. 133. (Described and
discussed as a possible subgenus.)

" The synonymy for this genus does not give a complete record of the various genera under which the species now included in Acrotreta were
formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are hsted:

Discina Shumard [1861, p. 221].

Acrotreta Billings [1805a, p. 216].

Ololella, Salter [1866, p. 285].

Discina Salter [1866, p. 285].

Obolella Hartt [1868, p. 644].

Lingula Barrande [1868a, p. 102; 1868b, p. 692].

Obolella Davidson [1868, pp. 309 and 310].

Acrotreta? Davidson (1868, p. 314].

Obolella Davidson [1871, pp. 339 and 340].

Obolella? Billings [1872b, p. 470].

Acrotreta Meek [1873, p. 463].

Obolella ? Billings [1874, p. 69].

Metoptoma Callaway [1874. p. 196].

Acrotreta White [1874, p. 9].

Acrotreta Linnarsson [1876, p. 16].

Obolella Linnarsson [1876, p. 19].

Acrotreta Linnarsson [1877, p. 374].

Acrotreta White [1877, p. 53].

Obolella Callaway [1877, p. 669).

Acrotreta Swanston [1877, PI. VII figs. 21a-c].

Obolella Hartt [1878, p. 644].

Obolella Linnarsson [1879, p. 27].

Obolus? Barrande [1879b, PI. XCV: ii].

Acrotreta Barrande [1879b, PI. XCV: vn).

Acrotreta Brogger [1882, pp. 45 and 46].

Obolella Davidson [1883, p. 211].

Acrotreta Davidson [1883, p. 213].

Obolella Walcott [1884a, p. 16).

Obolella ? Walcott [1884b, PI. I, fig. Ic].

Acrotreta Walcott [1886b, p. 98].

Lingulella f Matthew [1886, p. 33].

Acrotreta Matthew [1886, p. 36].

Acrotreta Swanston [1886, PI. VII, figs. 21a-cl.

Linnarssonia Walcott [1887, p. 189].

Linrmrssonia Oehlert [1889, p. 1138).

Linnarssonia Walcott [18S9b, p. 36].

Obolella Dawson [1888a, p. 55; 1888b, p. 55J.

Acre/:''". Walcott [1889c, p. 441].

Linnarssonia Walcott [1889c, p. 442].

Obolella (Linnarssonia) Dawson [1890, p. 53].

Linnarssonia Hall [1890, p. 55].

Obolella Hartt [1891, p. 644].

Acrotreta Walcott [1891a, p. 608].

Linnarssonia Walcott [1891a, p. 610 and PI.

LXVIII, flgs. 2a-dl.

Obolella Hall and Clarice [lS92c, p. 103].

'Acrotreta Matthew [1892, p. 43; 1834, p. 87].

Linnarssonia Matthew [1895a, p. 125].

Acrotreta Matthew [1895a, p. 126].

Lingulellaf Matthew [1895a, p. 127].

Obolella WaUerius [1895, p. 65].

Acrotreta Wallerius [1895, p. 66].

Linnarssonia Matthew [1897, p. 169].

Linnarssonia Schuchert [1897, p. 262].

Linnarssonia Freeh [1897; PI. lA, figs. 3a and 3bJ.

Lingulellaf Matthew [1898a, p. 128].

Acrotreta Walcott [1899, p. 449].

Acrotreta Matthew (1901a, p. 275].

Acrothyra f Matthew [1901b, p. 304].

Acrotreta Matley [1902, p. 142).

Acrotreta? Matley (1902, p. 14.3].

Acrotreta Matley [1902, p. 144].

Linnarssonia Matley [1902, p. 145].

Linffulella (Acrothyra ?) Matthew [1902b, p. 390].

Acrothele Matthew (1902b, p. 404).

Acrotreta Matthew [1902c, p. 109).

Acrotreta Walcott [1902, pp. 580-600].

Acrotreta Wiman [1902, pp. 54 and 55].

Obolella Wiman (1902, p. 66],

Acrothele Matthew [1903, p. 103].

Acrotreta Walcott [1905a, pp. 298-303J.

Acrotreta Moberg and Segerberg [1906, pp. 64, 65,

and 66).

A crotreta Walcott [1908c, p. 245; 1908d, pp. 93, 94, 95,

and 96].
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Acrotreta Kutorga, von Seebach, 1865, Zeitschr. Deutsch. geol. Gesell. for 1865, Bd. 17, Hft. 2, p. 341. (Discussed

in German.)

Acrotreta Kutorga, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, p. 343. (Mentioned in discussion

of Acrotreta nicholsoni.)

Acrotreta Kutorga, Dall, 1877, Bull. IT. S. Nat. Mus. No. 8, p. 12. (Mentioned.)

^croircto. Kutorga, Zittel, 1880, Handbuch der Pal*ontologie, Bd. 1, Abth. 1, p. 666. (Described in German.)

Acrotreta Kutorga, Walcott, 1884, Mon. IT. S. Geol. Survey, vol. 8, pp. 16-17. (Discussed.)

Linnarssonia Walcott, 1885, Am. Jour. Sci., 3d ser., vol. 29, p. 115. (Described and discussed as a new genus.)

lAnnarssonia Walcott, Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, p. 35.

(Discussed.)

Acrotreta Kutorga, Oehlert, 1887, Manuel de conchyliologie, by Fischer, p. 1266. (Described in French, with

figures of "A. subconica.")

Linnorssoma Walcott, Dawson, 1890, Trans. Roy. Soc. Canada for 1889, 1st ser., vol. 7, sec. 4, No. 3, pp. 53-54.

(M'entioned in discussion of Acrothele pretiosa.)

Acrotreta Kutorga, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 250.

(Described.)

Linnarssonia Walcott, Hall and Clarke, 1892, idem, p. 251. (Described.)

Acrotreta Kutorga, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 566. (Copied

from Hall and Clarke, 1892a, p. 250.)

Linnarssonia Walcott, Hall and Clarke, 1892, idem, p. 567. (Copied from Hall and Clarke, 1892a, p. 251.)

Acrotreta Kutorga, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 101-104.

(Described and discussed.)

Linnarssonia Walcott, Hall and Clarke, 1892, idem, pp. 107-109. (Described and discussed.)

Linnarssonia Walcott, Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, sec. 4, No. 5, p. 42. (Species

referred to the genus mentioned.)

Acrotreta Kutorga, Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 390. (Stratigraphic

range in Cape Breton discussed.)

Acrotreta Kutorga, Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 94. (A copy ot

the preceding reference.)

Acrotreta Kutorga, Matthew, 1903, idem, pp. 96-97. (Notes on development of the genus.)

Acrotreta Kutorga, Grabau and Shimek, 1907, North American Index Fossils, vol. 1, p. 199. (Described.)

f Linnarssonia Grabau and Shimer, 1907, idem, p. 200. (Described, but the only species referred to the genus ("L.

pretiosa") is not figured and it is impossible to tell whether the authors are discussing the Linnarssonia pretiosa

that has been referred to the genus Acrotreta (Acrotreta sagittalis), or to the genus Acrothele (Acrothele pretiosa).)

Acrotreta Kutorga, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 146. (Classifica-

tion of genus.)

The original description by Kutorga follows:

Dorsal valve highly conical; the hinge surface of the cone flat, in the form of a high triangle, similar to an area,

with a shallow gutter-shaped depression running from the tip as far as the middle point, which (depression) here

appears as an indication of a deltidium. At the upper end of this furrow, turned consequently to the hinge side, is

found the obtusely oval external siphonal opening.

Ventral valve flat, with a distinct marginal apex. On the surface of the shell are seen only delicate growth wrinkles

concentric to the apex of the cone, which curve crescentially into the longitudinal furrow of the surface of the shell;

no tubercles and no spines; hinge border rectilinear.

The revised description of the genus is as follows: Ventral valve strongly convex to conical,

with the posterior face more or less flattened to form a false area that is usually marked by a

shallow median groove. Pedicle opening at the apex of the cone and directed more or less

backward. Apex usually anterior to the posterior margin, but occasionally overhanging it.

Dorsal valve slightly convex, with very small beak; area short and divided by a small false

deltidium.

Surface marked by fine concentric striae and lines of growth which cross the posterior face

and the median groove; in addition there are on five species veiy fine, concentric, undulating,

often inosculating, rounded ridges that form a surface like that of Oholus ( Westonia) ella (HaU

and Wliitfield) (PI. XLVII, fig. 10). Acrotreta frimseva Walcott (PI. LXIX) has this type

of surface. A. claytoni Walcott (PL LXXIV) has fine, undulating strise,. A. spinosa Walcott

(PI. LXXIX) fine short spines, and A. ? canceUata Walcott (PI. LXXIX) a cancellated surface.

The shell in all species where it is preserved is calcareocorneous and built up of several thin

layers or lamellae that are arranged more or less obliquely to the outer surface toward the outer

margin of the valves.



ACROTRETID^. 673

The cast of the ventral valve shows that the interior of the shell has a rather strong cal-

losity or apical swelling penetrated by the foraminal tube, and on each side of and back of the

callosity near the posterior margin the cardinal muscle scars, which usually take the form
of a projecting boss or tubercle corresponding to a depression in the shell in which the trans-

median and middle lateral muscles were probably attached. In front of the apical callosity in

A. argenta Walcott there are two trapezoidal areas con-espondhag to similar areas in Oholella

and Oholus, in which the central, outside, and middle lateral muscles were attached. The
position and size of the areas are shown by Plate LXVII, figures 5a and 5b. The grooves of

the main vascular sinuses pass around the apical swelling and extend forward, diverging toward
the anterolateral margins of the shell.

The interior of the dorsal valve is almost invariably marked by a long, well-defined median
ridge and a pair of strong cardinal tubercles near the margin of tlie area corresponding in

position to the cardinal tubercles of the ventral valve. Smaller tubercles occur in advance
of the posterior tubercles, one on each side of the median ridge; they are often replaced by elon-

gate oval scars that correspond to the central .scars of the dorsal valve of Odolus: the anterior

lateral muscle scars are too minute to be clearly located, but they were undoubtedly close to

the median line a little in advance of the central scars. The cardinal tubercles of both valves

often have scars on them indicating the attachment of muscles.

Type.—Acrotreta suhconica Kutorga.

Observations.—Of the type of the genus, A. suhconica Kutorga, only the external shell is

known. In 1884 [1884b, PL I, figs, lb and Id] I illustrated the interior of both valves of "A.
gemma" (see pp. 30-31), showing the area, median ridge, "cardinal tubercles," and central muscle
tubercles of the dorsal valve, and the apical swelling and cast of the main vascular canals in the

ventral valve. Matthew [1886, PL V, figs. 13 and 13c] illustrated the interior of A. haileyi,

showing the cast of a small tubercle on each side of the apical swelling. Hall and Clarke [1892c,

p. 102] stated that they could not see the cast of these tubercles on the original specimen, and I

have not been able to find them on any of the type specimens of A. haileyi received from Mat-
thew. It frequently occurs that the casts of the short deep channel of the main vascular

sinuses give rise to tubercles a little in advance of and close to the apical callosity (PL LXX, fig.

If), or it may be that the cast of the visceral cavity will take the form of tubercles in front of

the cast of the apical callosity (PL LXIV, fig. 2c).

The intimate relations existing between Acrotreta and Linnarssonia became more and more
apparent with the collection of better material representing the two species referred to the two
genera. Girty, when selecting specimens for illustration, called my attention to the strong

resemblance between them and suggested that Linnarssonia was a synonym of Acrotreta. In
all essential characters this is true, and Linnarssonia, if retained at all, must be as a subgenus to

include the depressed forms of Acrotreta, intermediate between the typical elevated species A.
suhconica Kutorga and A. gemma Billings and the nearly flattened shells of Acrothele. In view,

however, of the close similarity of the interiors of the valves of Acrotreta scTimalenseei Walcott,
A. curvata Walcott, and A. kutorgai Walcott to "Linnarssonia transversa" (see Acrotreta sagitta-

lis transversa (Hartt)), "'L." sagittalis (Salter), and "L." misera (Billings) there remains only
the external form of the pedicle valve to distinguish the two genera; this latter character is

not of generic importance in the presence of the gradation in elevation and outline between
A. suhconica Kutorga and A. sagittalis transversa (Hartt), shown by A. idahoensis Walcott, A.
scJimalenseei Walcott, A. microscopica (Shumard), A. pyxidicula White, and A. sagittalis (Salter).

When studying the specimens of Acrotreta at hand in 1884 I believed that A. gemma
Billings, of Newfoundland, included the western forms described by Meek [1873, p. 463] and
White [1877, p. 53]. This conclusion was retained until the study of a large series from each of

the typical localities convinced me that there were a number of species and varieties grouped
under A. gemma. The correct reference of these species and varieties is indicated in the table,

pages 30-31, and taken up in detail in the synonymy of each of the different species.

62667°—VOL 51, ft 1—12 43
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"Acrotreta? costata" Davidson [1883, p. 213] from the Llandeilo of Scotland does not appear

to be an Acrotreta. The description and figures suggest a genus allied to Cyrtia Hall and Clarke

[1894, p. 40] of the Silurian.

The surface characters of Acrotreta have been considered to be very simple and confined

to concentric lines and striae of growth and obscure radiating striae. This study of the species

has resulted in the discovery that five species, A. hisecta Matthew, A. gemmula Matthew, A.

injlata (Matthew), A. primseva Walcott, and J., sahrinse (Callaway), have a surface much like

that of Oholus (Westonia) ella (Hall and Whitfield) (PI. XLVII). Mention has been made of

the cancellated and spinose species, and those with undulating concentric striae. It is evident

that Acrotreta, like AcrotJiele and Micromitra, has varied surface characters that are of specific

but not generic value.

The false area, with or without its vertical median groove, is a variable character. The
area and median groove are well developed in the type A. suhconica Kutorga (PL LXXIII,
figs. 2g, 2h) and in the species A. socialis v. Seebach (PI. LXXIII, figs. 4', 4a'). On A. attenuata

Meek a narrow sharp furrow is present, but the false area is scarcely defiaed (PI. LXIV, figs.

lb", Ic", Id"). On A. idahoensis Walcott the false area is clearly defined but there is scarcely

a trace of the median furrow (PI. LXV, figs. 1" , la"-c"). On A. microscopica (Shumard) (PI.

LXVII, figs, la'-c') there is only a faint false area and no median groove.

The vascular markings, muscle scars, and apical callosity of the ventral valve vary in

relative size, position, and appearance, but they all have a common general character and
position. Usually the markings on the interiors of the valves are very faint, and often nothing

can be seen but the apical callosity and. the base of the main vascular sinuses in the ventral

valve, and the median ridge in the dorsal valve. It would require many pages on which to

record the variations, and. as they are illustrated by the figures on the plates I will not attempt it.

Geographic distribution.—The httle shell of Acrotreta occurs in every country where any

considerable development of the Cambrian fauna is known. The exceptions are northern

India, Australia, and where the Lower Cambrian fauna predominates. The general distribu-

tion is given on pages 105-106.

Stratigrapliic distribution.—Three species and one variety are known from the Lower
Cambrian, one o^ \Yhich, A. primseva Walcott (PL LXIX, figs. 1, la-f), is one of the largest

species of the genus. From the Middle Cambrian tliirty-three species and ten varieties are

Imown; they range from the base of the terrane to its summit, and two, A. idahoensis Walcott

and its variety alta and A . pyxidicula Wliite, pass up into the Upper Cambrian, and the first

species and its variety alta continue on up into the base of the Ordovician in Nevada. In the

Upper Cambrian twenty-one species and thr,ee varieties are known and in the passage beds above

seven species. In the Lower Ordovician seven species and one variety occur, of which one

species and one variety also occur in the Cambrian. The stratigraphic range of the species is

given on pages 105-106.

Acrotreta argenta Walcott.

Plate LXVII, figures 5, 5a-g.

Acrotreta argenta Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 580-581. (Described as below as a new species.)

The material representing this species is more or less crushed and broken, but a few speci-

mens show the general form and characters. It belongs to the Acrotreta idahoensis Walcott

group in having a wide false area, strongly marked apical callosity, and pedicle opening. The
thickening in the posterior portion of the dorsal valve is also characteristic of the two species.

The cast of the interior of a ventral valve (PL LXVII, fig. 5b) reveals what I have searched

for unsuccessfully in hundreds if not thousands of specimens of this genus. I refer to the

visceral area with the position of the point of attachment of the central and lateral muscles on

each side of it, essentially as in OboleUa and Oholus (PL VII).

Formation and locality.—Upper Cambrian: (7x and 7y) Limestone of the Emigrant formation [Turner, 1902,

p. 265], about 2.5 miles (4 km.) southeast of Emigrant Pass; (8b') shales of the Emigrant formation {Turner, 1902, p. 265],
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in a ravine on the east side of the road about 1 mile (1.6 km.) southwest of Emigrant Pass; and (7v) shales of the Emigrant

formation [Turner, 1902, p. 265], 4.25 miles (6.8 km.) south-southeast of Emigrant Peak; all in the Silver Peak quad-

rangle (U. S. Geol. Survey), Esmeralda County, Nevada.

!, ACEOTEETA ATTENUATA Meek.

Plate LXIV, figures 1, la-o; Plate LXXIX, figures 6, 6a.

Acrotreta attenuata Meek (in part), 1873, Sixth Ann. Kept. U. S. Geol. and Geog. Survey Terr, for 1872, p. 463, footnote.

(Listed as A. subconica Kutorga, and described in footnote as a possible new species. Specimens now referred

to A. attenuata var.? and A. idahoensis were also included in this reference.)

Acrotreta gemma Walcott (in part) [not Billings], 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 17-18. (Specimens

representing Acrotreta pyxidicula, A. curvata, and A. idahoensis alta were included with the specimens repre-

senting A. attenuata when this description of A. gemma was written, but only the last two are known to have

been figured: A. curvata, PL I, figs. Id and le; and A. idahoensis alta, PL I, figs, la and lb. The specimens

represented by PL IX, figs. 9 and 9a, can not be found at this time, but it is probable that they should be

referred to A. idahoensis alta. Fig. Ic represented a specimen of Acrotreta sabrinx, and the specimen repre-

sented by fig. If is missing.)

Acrotreta gemma Walcott (in part) [not Billings], 1886, Bull. U. S. Geol. Survey No. 30, pp. 98-99. (Specimens

now referred to Acrotreta pyxidicula and A. primmva were included with the specimens representing A. attenuata

when this description of A. gemma was written, A. primseva being figured, PL VIII, figs. 1, la-b.)

Acrotreta gemma Walcott (in part) [not Billings], 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 608. (Specimens

now referred to Acrotreta pyxidicula, A. curvata, A. idahoensis alta, and A. primseva were included with the

specimens representing A. attenuata in this reference to A. gemma, the last three being figured: A. curvata,

PL LXVII, fig. 5b; A. idahoensis alta, PL LXVII, figs. 5 and 5a; and A. primseva, PL LXVII, figs. 5c, 5d, and 5e.)

Acrotreta gemma Walcott (in part) [not Billings], 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 449. (Specimens

now referred to Acrotreta pyxidicula, A. curvata, A. idahoensis alta, and A. primseva were included with the

specimens representing A. attenuata when this description of A. gemma was written, the last three being figured:

A. curvata, PL LXII, fig. 2e; A. idahoensis alta, PL LXII, figs. 2a and 2c; and A. primseva, PL LXII, figs. 2,

2b, and 2d.)

Acrotreta attenuata Meek, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 298. (Characterized.)

The variations in the exterior form of the ventral valve of this species are so fully shown
by the illustrations that it is unnecessary to enter into* detailed description. The species is

characterized by its elevated ventral valve and narrow, incurved false area. The specimens

illustrated by Plate LXIV, figures 1, la, lb, and Ih, are from the material labeled by Meek as

Acrotreta attenuata, and all the others are from the same geological area. Some of the forms of

A. idahoensis alta (PI. LXV, fig. 4) look like A. attenuata, but the false area is different. Acro-

treta lnutorgai has a somewhat similar false area and elevation, but it is a less robust shell and
the apex of the ventral valve is nearer the posterior margm. The former reference to A. gemma
is explained under the description of the genus (p. 673). Shells with a distinctly marked false

pedicle groove in the ventral valve occur in the shales of the Wlaeeler formation of the Middle

Cambrian of the House Range, Utah. The shells of this locality show fine interiors of both

valves (PL LXIV, figs, li-n, and PI. LXXIX, figs. 6, 6a). The interiors of the ventral valve

are much like those of A. Jcutorgai Walcott (PI. LXV, figs. 3b, 3c).

Formation and locality.—Upper Cambrian: (61) Limestone in the Dunderberg shale [Walcott, 1908f, p. 184],

a little south of the Hamburg mine. Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Middle Cambrian: (59) Limestone at the base of the western slope of Combs Peak, near the plain of Antelope

Valley, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

(3s) About 1,700 feet (518.2 m.) above the Lower Cambrian and 2,700 feet (823 m.) below the Upper Cambrian in

the shaly limestones and calcareous shales of the Wheeler formation [Walcott, 1908t, p. 181] in the eastern part of

Wheeler Amphitheater, east of Antelope Springs, House Range [Walcott, 1908f, Pis. XIII and XV]; (lOy) about 2,900

feet (884 m.) above the Lower Cambrian and 1,500 feet (457.2 m.) below the Upper Cambrian in the central part

of the limestone forming la of the Marjum limestone [Walcott, 1908f, p. 179], about 1 mile (1.6 km.) south -southwest of

Marjum Pass, House Range [T^'alcott, 1908f, PL XIII]; and (3x) about 2,200 feet (670.6 m.) above the Lower Cambrian
and 2,200 feet (670.6 m.) below the Upper Cambrian in the shaly limestones forming Id of the Marjum limestone

[W^alcott, 19081, p. 180], 2.5 miles (4 km.) east of Antelope Springs, in ridge east of Wheeler Amphitheater, House
Range [Walcott, 1908f, Pis. XIII and XV]; all in Millard County, Utah.

(9h) At the base of the limestone above the Wolsey shale [Walcott, 19081, p. 202] on Beaver Creek, 5 miles (8 km.)

north of York, and about 8 miles (12.8 km.) north of Canyon Ferry, Big Belt Mountains, Fort Logan quadrangle (U. S.

Geol. Survey), Meagher County; (159) limestones north of West Gallatin (Gallatin) River, Gallatin County; (302)
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limestones on the east side of West Gallatin {Gallatin) River, above Gallatin, Gallatin County; and (156a) limestones

of the Flathead formation of Peale, north of East Gallatin River, near Hillsdale, Gallatin County; all in Montana.

(4n) Limestone about 325 feet (99.1 m.) above the unconformable base of the Cambrian in divide at the head of

Jackson Creek (locally known as Sheep Creek), a creek flowing into Jackson Lake about 0.5 mile (0.8 km.) south of its

northwest corner, Teton Mountains, Grand Teton quadrangle (U. S. Geol. Survey), Uinta County; and (340d) lime-

stone near the head of Bear River Canyon; both in Wyoming.

ACROTRETA ATTENUATA var. ? Walcott.

Plate LXV, figure 2.

Acrotreta attenuata Meek (in part), 1873, Sixth Ann. Rept. U. S. Geol. and Geog. Survey Terr, for 1872, p. 463, footnote.

(These specimens were included by Meek with the specimens which he listed as Acrotreta subconica and described

in a footnote as A. attenuata. See also A. attenuata and A. idahoensis.)

Acrotreta attenuata Meek, var.?, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 298. (Reason given for separation as

variety.)

A shell with a distinctly marked false area is separated as a variety of Acrotreta attenuata.

It is associated with the type specimen of A. attenuata.

Formation and locality.—Middle Cambrian: (302) Limestone east of West Gallatin (Gallatin) River, above

Gallatin, Gallatin County, Montana.

Acrotreta babel Barrande.

"^
Plate LXXVII, figures 6, 6a-b.

Acrotreta babel Baerande, 1879, Systfime silurien du centre de la Boheme, vol. 5, pt. 1, PI. XCV, figs, vii: 1-2. (Not

described, but figured as a new species. Figs. 2A, 2B, and 2C are reproduced in this monograph, PL LXXVII,
figs. 6, 6a-b, respectively.)

This minute species is the only form of this genus that has been identified from Bohemia
by Barrande. It has the characters of the genus, and with the figures for comparison with

other species it appears to be distinct from all others. Barrande [1879b, PI. XCV, fig. vii: 1]

illustrates a more conical shell from Trubin than that represented by figures 6 and 6a, wliich

may belong to another species and genus.

Formation and locality.—Lower Ordovician : (303) Etage dS, Konigshof; and (303a) Etage d3, Trubin; both

[Barrande, 1879b, PL XCV] in Bohemia, Austria-Hungary.

Acrotreta baileyi Matthew.
r

/'

Plate LXXVII, figures 2, 2a-d.

Acrotreta baileyi Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, pp. 36-37, PL V,

figs. 13, 13b-d. (Described and discussed as a new species. The specimens represented by figs. 13, 13c, and
13d are redrawn in this monograph, PL LXXVII, figs. 2a, 2, and 2', respectively.)

Acrotreta baileyi Matthew, Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, PL III,

figs. 28-30. (Figs. 28 and 30 are drawn from the specimens figured by Matthew, 1886, PL V, figs. 13c and 13,

respectively.)

Acrotreta baileyi Matthew, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 102, PL III,

figs. 32-34. (Discussed. Figs. 32-34 are copied from figs. 28, 30, and 29 of the preceding reference.)

Not Acrotreta baileyi? Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, sec. 4, No. 5, p. 43, PL XII,

fig. 7d (referred to A. bisecta).

Acrotreta baileyi Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 395, PL XVI, figs.

la-d. (Mentioned and dimensions given. Figs, copied from Matthew, 1886, PL V, figs. 13, 13b-d.)

Acrotreta baileyi Matthew, Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 581-582. (Described and discussed

as below.)

Acrotreta baileyi Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Bieton, p. 97, PL III, figs. la-d.

(Mentioned. Figures are copied from Matthew, 1886, PL V, figs. 13, 13b-d.)

General outliae transversely oval, with the posterior margin more or less straight for less

than one-half the transverse diameter of the shell. On the ventral valve the posterior margin
is rounded in at the median furrow of the false area, and on the dorsal valve it curves gently

from the cardinal slopes to the beak.

The ventral valve is strongly convex with the apex about one-fourth the length of the

valve from the posterior margin. The crushed condition of the shells does not permit
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decision as to whether the umbo or the apex is the most elevated part of the valve. False

area defined by the incurving of the cardinal slopes so as to form a somewhat flattened, trian-

gular space that is divided midway by a rather strong vertical furrow. Pedicle aperture

rather large and opening obliquely backward. The dorsal valve is gently convex, with a

minute marginal beak.

Surface of shell marked by fine concentric strise and lines of growth, and possibly by fine

radiating striae. I fail to find any traces of the radiating striae on specimens that have not

been distorted by pressure, and it looks as though all radiating strise and lines are the result

of lateral compression of the shell. The average length is about 3.5 mm.; width, 4 mm. (Dis-

torted shells have a length of 4 mm.; width, 3 mm.)
The cast of the interior of the ventral valve shows a strong apical callosity, a fair-sized

pedicle opening, large cardinal scars, and a small visceral area in front of the apical callosity.

Matthew [1886, p. 36, PL V, fig. 13c] describes and shows on his illustration two "minute
muscle scars" close to the "umbonal tubercle" and on each side of the parallel strise. On
one specimen I find what may have led Matthew to consider there were such scars, but on
many others quite as well preserved there are no such indications, and they are not known
in any other species of the genus. Hall and Clarke examined Matthew's type material, and
stated [1892c, p. 102] that with the original material before them the}'' were unable "to dis-

tinguish anything more than the central callosity." The cast of the interior of the dorsal

valve shows a strong median ridge of variable length and size, large cardinal scars, and well-

defined central scars.

Observations.—This species belongs with the series represented by A. sagittalis (Salter)

and its varieties, and if uncompressed, nondistorted, well-preserved specimens could be obtained,

it is quite jjossible that it would prove to be identical with A. sagittalis transversa (Hartt).

Matthew [1886, p. 37] thinks it has a thinner shell, but that is not probable, as the apical

callosity and cardinal scars of the ventral valve and the median ridge, cardinal and central

scars of the dorsal valve all indicate a shell quite as thick as that of A. sagittalis and its varieties.

Doctor Matthew kindly sent me the type and study material of tliis species from his private

collection.

Formation and locality.—Middle Cambrian: (300) Shaly sandstones, possibly of Divmon Id of Matthew, on
Long Reach, Kings County; and (301) doubtfully in sandstones of Division lb2 of the " Protolenus zone" [Matthew
1895a, p. 108] Hanford Brook, St. John County; both [Matthew, 1886, p. 37] in New Brunswick, Canada.

ACEOTEETA BELLATTJLA Walcott.

Plate LXXVIII, figures 4, 4a-d.

Acrotreta hellatiila Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 93-94, PI. IX, figs. 4, 4a-b. (Described
and discussed as below as a new species. Figs. 4, 4a-b are copied in this monograph, PL LXXVIII, figs. 4,

4b, and 4d, respectively.)

General outline subcircular to transversely broad oval, with the posterior margin of the
ventral valve nearly straight beneath the false area. The ventral valve is' moderately convex,
with the apex a little in front of the posterior margin. False area defined by the incurving

of the cardinal slopes so as to form a somewhat fiattened triangular space that is divided mid-
way by a narrow and rather shallow, vertical furrow; pedicle aperture of medium size and
opening slightly backward. Dorsal valve nearly as convex as the ventral, except that it curves

down in the posterior portion to a minute marginal beak.

Surface of the shell marked by fine, concentric strise and lines of growth that show marked
variations in their sharpness on different specimens, the older shells having a dark, dull sur-

face giving the effect of a thin film over the strise; a few traces of radiating strise are shown on
some shells.

The average length of the larger shells is about 1.75 mm.; width, 2 mm.
The interior of the ventral valve shows a small apical callosity, minute pedicle tube, and

vascular sinuses originating a little back of the apical callosity; a cast shows that there were
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medium-sized, elevated cardinal muscle scars. An interior cast of the dorsal valve indicates

a median ridge that extended about four-fifths of the distance from the area to the front mar-

gin. It also indicates medium-sized, elevated cardinal muscle scars. A second specimen

shows a shoi-ter median ridge, with small, elevated central muscle scars about halfway between

the posterior and front margins of the shell.

Observations

.

—This species belongs to the Acrotreta sagittalis (Salter) group. The low

convexity of the ventral valve, posterior position of the apex, the strong cardinal muscle

scars, and the strong median ridge, and the cardinal and central scars of the dorsal valve, are

all features common to Acrotreta hellatula and A. sagittalis. It differs from A. sagittalis in

the more posterior position of the apex and less convexity of the ventral valve, and from

A. definita Walcott in its much smaller size and less elevated ventral valve.

Formation and locality.—Middle Cambrian: (lOz) About 2,900 feet (884 m.) above the Lower Cambrian and

1,500 feet [457.2 m.) below the Upper Cavibrian in la of the Marjum limestone [Walcott, 1908f, p. 179]; (lln) a horizon

about 100 feet (30.5 m.) above (lOz); and (3w) about 2,350 feet (716.3 m.) above the Lower Cambrian and 2,050 feet

(624.8 m.) below the Upper Cambrian in the central portion of Ic of the Marjum limestone [Walcott, 1908f, p. 180],

in the long cliff about 2 miles (3.2 km.) southeast of Marjum Pass; both in the House Range [Walcott, 1908f, Pis. XIII

and XV], Millard County, Utah.

Acrotreta belti (Davidson).

I

,

'^''

Plate LXXVII, figures 8, 8a.

Obolella belti Davidson, 1868, Geol. Mag., vol. 5, pp. 310-311, PI. XV, figs. 25-27. (Described as below as a new

species. The specimens represented by figs. 25-27 are redrawn by Davidson, 1871, PL L, figs. 15, 17, and 16,

respectively, and the last two figures are copied in this monograph ; see note accompanying the following reference
.

)

Obolella belti Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, pp. 340-341, PL L, figs. 15-17. (Copy

of preceding reference; figs. 15-17 are copied (with slight changes) from figs. 25, 27, and 26, respectively, of

the preceding reference. Figs. 16a and 17a are reproduced in this monograph, PL LXXVII, figs. 8 and 8a,

respectively.)

Obolella sagittalis belti Davidson, 1871, idem, description of figures, opposite PL L. (Species placed as a variety

without explanation.)

Not Linnarssonia beltif Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, sec. 4, No. 5, pp. 42-43,

PL XII, figs. 7a-c. (This species is not specifically referred in this monograph.)

Linnarssonia 6eZ<i (Davidson), Matley, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, p. 145, figs. 17-18. (Char-

acterized.)

Not Linnarssonia of. belti Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 209-210,

PL XVI, figs. 3a-c. (Copies Matthew, 1892, pp. 42-43, PL XII, figs. 7a-c. The species is not specifically

referred in this monograph.)

The original description by Davidson follows:

Shell small, less than a line in length by about 1 line in breadth; transversely oval; beak acuminated; front

broadly rounded. Valves moderately convex and marked by concentric lines of growth. The internal characters

agree pretty closely with those described in 0. sagittalis.

Observations.—It is possible that with a good series of specimens of this species its relations

to other species might be more accurately determined than Doctor Davidson was able to do.

It is not probable that .^croireta sagriitoKs (Salter) persisted into Lower Tremadoc time, but with

a genus where the specific characters are so limited and the variations within the same species

considerable it is exceedingly difficult to determine the specific relations of a form represented

by only a few not very good specimens. Acrotreta belti appears to belong to the A. sagittalis

group of forms, but for the present I think it is quite as well to leave it as a species.

Formation and locality.—Upper Cambrian: (305 [Davidson, 1871, -p. S41-]) Lower Tremadoc shales, Craig-y-dinas,

North Wales.

(304 [Matley, 1902, p. 145]) "Bronsil" shales at White Leaved Oak, Malvern 'Hills; and (304a [Groom, 1902,

p. 110]) "Bronsil" shales in the Malvern Hills; both between Herefordshire and Worcestershire, England.

Acrotreta bisecta Matthew.

Plate LXVI, figures 7, 7a-e.

Acrotreta baileyi ? Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, sec. 4, No. 5, p. 43, PL XII, fig. 7d.

(Characterized and discussed.)

Acrotreta bisecta Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, pp. 27^-276, PL V, figs.

5a-g. (Described and discussed as a new species.)
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Acrotreta hisecta Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 394, PI. XVI, figs.

2a-g. (Mentioned and figures of preceding reference copied.)

Acrotreta dpo Matthew, 1902, idem, pp. 406-407, PL XVIII, figs. 1 and 2. (Described and discussed as a new species.)

Acrotreta iisccta Matthew, Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 582. (Described and discussed.)

Acrotreta sipo Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 185-186, PI. XVIII,
figs. 1 and 2. (Copy of Matthew, 1902a, pp. 406-407, PI. XVIII, figs. 1 and 2.)

Acrotreta hisecta Matthew, 1903, idem, pp. 186-187, PI. XI, figs. 5a-g. (Copy of Matfrliew, 1901, pp. 275-276, PI. V,
figs. 5a-g.

)

Acrotreta hisecta Matthew, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 298-299. (Described and discussed as

below.)

Nearly all the ventral valves of this species are more or less com]3ressed in the shale, tluis

decreasing the true elevation. Matthew [1903, PL XI, lig. 5] illustrates a pointed, high, ventral

valve, but does not state whether or not the figure is diagrammatic. Some of the casts in the

shale indicate a sharply conical ventral valve. When the apex is broken off the cast of a

median apical callosity is seen, with the base of the cast of a medium-sized pedicle tube; the

cardinal scars are small and nearty concealed by the cast of the strong main vascular sinuses.

There is considerable range of variation in tlie size and length of the median ridge of the dorsal

valve. One specimen (fig. 7d) shows a strong median ridge, cardinal and central scars, and
deeply excavated false deltidium. Surface marked by fine concentric striae and lines of growth
and very fine undulating striae that give the concentric strife a fretted appearance when examined
by a strong lens.

The most nearly related species appears to be A. sabrinse (Callaway) of the Sliineton

shales. Matthew [1902a, p. 406] has described a shell as "Acrotreta sipo" that occurs with his

"Asaphellus fauna." I am unable to detect any specific differences between it and A. hisecta,

from the same area.

The specific name is due to the presence of a strong median ridge bisecting the dorsal valve.

Formation and locality.—Upper Cambrian: (3q) Shale in Barachois Glen, 4 miles (6.4 km.) south of Little

Bras d'Or Lake; (101) shale on east bank of Barachois River, 6 miles (9.6 km.) from Little Bras d'Or Lake; (10c and
lOd) shales on west side of Barachois River, 0.125 mile (0.2 km.) north of Boisdale Road, opposite McMullin's place;

(lOe, lOf, and lOg) shales on the east branch of Barachois River, 0.5 and 0.75 miles (0.8 and 1.2 km.), respectively,

north of the crossroad from Boisdale to Upper Leitches Creek; (lOn) shale in ravine on east side of Barachois Glen,

3 miles (4.8 km.) from Barachois; (lOh) shale on small east branch of Barachois River, 0.75 mile (1.2 km.) north of the

crossroad from Boisdale to Upper Leitches Creek; (13h) shale on east bank of Barachois River, 1.5 miles (2.4 km.)
north of Boisdale; (307a [Matthew, 1903, p. 186]) shales of Division C3c2 of Matthew, on McLeod Brook=Barachoi8
River; and (307 [Matthew, 1903, p. 7S7]) shales of Division CSc of Matthevi, on McLeod Brooh=Barachois River; all in

eastern Cape Breton, Nova Scotia.

(308 [Matthew, 1892, p. 43]) Shales of Division CSc of Matthew at Navy Island, St. John Harbor, New Brunswick,
Canada.

Acrotreta?? cancellata Walcott.

Plate LXXIX, figures 5, 5a.

Acrotreta ?? cancellata Walcott, 1905, Proc. U. S. Nat. Mus. , vol. 28, p. 299. (Characterized as below as a new species.)

Tlie only specimen of this species in the collection has more the form of Micromitra than
Acrotreta. In its overlianging false area it suggests Acrothyra. Whatever the genus to which
it belongs may be, its cancellated surface serves to distinguish it from forms with wliicli it

might otherwise be compared. The surface is formed hj very fine, raised, concentric Hnes or

ridges of growth, crossed by sharp radiating lines, wliich are seen only between the concentric

hnes.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (205) Siliceous

limestone on Roundtop Mountain, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Acrotreta carinata (Segerberg MS.) Moberg and Segerberg.

Text figures 56A-D, page 680.

Acrotreta cf. socialis Broggbr (in part), 1882, Die silurischen Etagen 2 und 3, pp. 46-47, PI. X, figs. 2, 2a-b (not figs.

3-4, which are not referred in this monograph). (Described in German.)
Acrotreta carinata (Segerberg MS.) Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 2

(Aftryck ur K. Fysiografiska Sallskapets Handl., N. P., Bd. 17), p. 66, PI. Ill, figs. 5a-c and 6. (Described

in Swedish as a new species; see p. 680 for translation. The figures are reproduced in this monograph as

figs. 56A-D, p. 680.)
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The original description by Moberg and Segerberg follows

:

The species differs from Acrotreta drcularis, to which in other respects it is closely related, by its more even area,

sharply bounded on the sides. At the rectilinear posterior edge the area occupies about one-fourth of the cu'cumfer-

ence; that is to say, more than in the case of ^1. drcularis. The apex is

also placed somewhat nearer the posterior edge than in the last-named

species. The smaller shell is only feebly arched, with marginal, some-

what overlapping umbo.

Bj' its large well-marked keeled area our species resembles A.

sodalis, from the Ceratopyge limestone of Norway.

Observations.—This species has about the same size

and general appearance as Acrotreta seebacTii. It differs

from it in the more anterior position of the apex and the

strongly defined false area with a median ridge.

Formation and locality.—Passage beds between the Cambrian

and the Ordovician: (310) Ceratopyge limestone (zone 4), atOttenby, on

Oeland Island; and (309) Ceratopyge limestone (zone 4), at Fogelsdtig, S

miles (5 Jem.) east of Lund, Province of Malmohus; both [Moberg and

Segerberg, 1906, p. 66] in Sweden.

FiGUEE X.—Acrotreta carinata Moberg and Segerberg.

A, Top view of ventral valve. B, Back view of

ventral valve. C, Side view of ventral valve. D,

Dorsal valve. All X 8. The ventral is the type.

The specimens represented are from LocaUty 309,

the Ceratopyge limestone at FogelsAng, Province of

Malmohus, Sweden. The figures are copied from

Moberg and Segerberg [1906, Fl. Ill, flg.s. oa-c and 0].

u-

AcROTRETA ciRCULARis Moberg and Segerberg.

Text figures 57A-C.

On both sides of the

Acrotreta drcularis Moberg and Segerberg, 1906, Medd. fran Lunds

Geol. Faltklubb, Ser. B, No. 2 (Aftryck ur K. Fysiografiska Sall-

skapets Handl., N. F., Bd. 17), pp. 65-66, PL III, figs. 4a-c. (De-

scribed in Swedish as a new species; see below for translation.

The figures are reproduced in this monograph as figs. 57A-C.)

The original description by Moberg and Segerberg follows:

The apex of the larger shell (ventral valve) is situated midway between the posterior edge and the center, or possi-

bly (the apex itself is not preserved) somewhat closer to the center. On the posterior edge there is a slightly defined

triangular area which has a median rounded ridge extending out from the apex. The area as a whole is also somewhat

arched, not quite level; at the posterior edge it occupies about one-fifth of the entire circumference of the shell. The

height (from the apex to the level of the edge of the shell) is about two-thirds of the breadth. Shell smooth, shiny,

with fine concentric growth lines visible even on the area, where, however, they are feebler,

apex where the shell, as above mentioned, has been removed,

there is found a furrow which on the area is parallel with

its nearest side edge, and in the opposite direction runs

obliquely toward the side. In the direction from the apex

down toward the anterior edge the shell is quite arched. The

species differs from Acrotreta sodalis von Soebach, as known

from examples from the forchhamm£ri zone, by its greater size,

its distinct keeled area, and the more subcentral position of

the apex, which again causes the arch to be less raised.

Observations.—This shell is nearest to Acro-

treta seelacU (PL LXXVII, figs. 3, 3a). It differs

in having the apex farther back from the posterior margin and in the strong median ridge on

the false area. It is very close to Acrotreta carinata Moberg and Segerberg.

Formation and locality.—Passage beds between the Cambrian and the Ordovician: (310) Ceratopyge lime-

stone (zone 4), at Ottenby, on Oeland Island; and (309) Ceratopyge limestone {zone 4), at Fogelsang, 5 miles (8 km.)

east of Lund, Province of Malmohus; both [Moberg and Segerberg, 1906, p. 66] in Sweden.

^

Acrotreta claytoni Walcott.

Plate LXXIV, figures 3, 3a-b.

Acrotreta claytoni Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 583. (Described as below as a new species.)

The material representing this species does not give sufficient data for the preparation of a

detailed description. The only ventral valve is depressed by compression in the shale; it is

transversely broad oval in outline, with the posterior margin nearly straight for a distance of

Figure S!.—Acrotreta drcularis Moberg and Segerberg.

view. B, Posterior ^^ew. C, Side view. Ali X 8.

The specimen represented is from Locality 309, the Ceratopyge

limestone at Fogelsang, Province of Malmohus, Sweden. The fig-

ures are copied from Moberg and Segerberg f 1906, PI. III. figs. 4a-c].
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two-fifths of the diameter of the valve ; tlie false area is fairly well defined by the abrupt incurv-

ing of the cardinal slopes; its median furrow is distinctly outlined, and it slopes forward to the

apex, which is situated about two-fifths the distance from the posterior margin to the fi'ont

margin. Pedicle aperture minute and directed upward from the extreme apex of the valve.

Dorsal valve gently convex. Surface of shell marked by fine concentric strise and lines of

growth, and very fine irregular, undulating striae that can be seen only by the aid of a strong lens.

A partial cast of a dorsal valve from the same faunal horizon about 30 miles distant shows

a well-defined median ridge and cardinal scars.

Ohservations.—This species is most nearly related to Acrotreta primseva Walcott of the

upper Olenellus fauna, at Pioche, Nevada. It differs in having a less elevated ventral valve

and in the more advanced position of the apex and foraminal aperture. All the specimens

known are also smaller than the average of A. primxva, the largest being 3 mm. in width and

2.5 mm. in length.

The specific name is derived from Clayton Valley, near the type locality.

FoEMATioN AND LOCALITY.—Lower Cambrian: (41) Limestone in the Pioche formation [Walcott, 1908a, p. 11]

on a ridge 2.5 miles (4 km.) northwest of the town of Cherry Creek, "V^Tiite Pine County, Nevada.

(175) Shales carrying Olenellus on the divide between Clayton and Fish LaJce valleys, about IS miles {^4-^ km.) south-

southwest of Silver Peak; (184) shales at the summit of the Silver Peak Range, 10 miles (16.1 km.) southwest of the town
of Silver Peak; and (11) shales of No. 3 of the Silver Peak group. Barrel Spring section [Walcott, 1908f, p. ISQo], 2.5

miles (4 km.) south of Barrel Spring and 0.5 mile (0.8 km.) east of the road, in the extreme southeastern corner of

the Silver Peak quadrangle; all in the Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

ACEOTRETA CONCENTRICA Walcott.

Plate LXXVII, figures 1, la-b.

Acrotreta concentrica Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 583. (Described as below as a new species.)

Shell small, outline subcircular to transversely broad oval; apex of ventral valve nearly

central; false area indicated by a slight flattening of the valve on the posterior side, and a

distinctly marked, but very narrow, median furrow. The elevation of the valve is about one-

half its diameter. The dorsal valve is slightly convex and its cast is marked by small cardinal

scars and a narrow median ridge that extends to the anterior third of the shell. A ventral

valve is 1.25 mm. in diameter, and one dorsal valve is 2 mm. in length.

Ohservations.—This species occurs at about the horizon of Acrotreta Tcutorgai Walcott but

is distinguished from that species and all others by the central position of the apex of the

ventral valve.

This form owes its specific name to the nearly central position of the apex of the ventral

valve.

Formation and locality.—Middle Cambrian: (96x) Limestone 1 mile (1.6 km.) north of Adairsville, 15 miles

(24.2 km.) northwest of Cartersville, Cartersville quadrangle (U. S. Geol. Survey), Bartow County, Georgia.

Acrotreta conula Walcott.

Plate LXXV, figures 2, 2a-b.

Acrotreta conula Waicott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 584. (Described as below as a new species.)

Shell small. Ventral valve eccentrically cone-shaped, with a broadly oval transverse

aperture. The apex is situated at the posterior third of the distance between the front margin

and the posterior edge of the slightly indicated false area. A minute pedicle aperture occurs

at the summit of the apex. Dorsal valve convex, with the minute beak at the posterior margin.

The cast shows a well-defined median ridge with the central muscle scars well back on the

valve.

Surface marked by fine concentric stride and lines of growth.

This form owes its specific name to the fact that the ventral valve is markedly cone-shaped.

Formation and locality.—Tipper Cambrian : (310a) Shales of Olenus truncatus zone, Oeland Island, Sweden.

o The species mentioned occur at two siiglitiy different localities (11 and Iv), none of the species being common to both localities.
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ACEOTEETA CONVEXA Walcott.

Plate LXVI, figures 6, 6a-c.

Acrotreta convexa Walcott, 1902, Proc. IT. S. Nat. Mus., vol. 25, p. 584. (Described essentially as below as a new
species.)

Shell small, subcircular, valves convex. Ventral valve most elevated at the low apex,

which is above the shghtly transverse posterior margin. Dorsal valve somewhat less convex

than the ventral valve, with its greatest elevation at the posterior third; beak minute, mar-

ginal. Length and width of shell 1 mm. Shell substance very thin, but not proportionally

thinner than other large forms. Surface marked by fine concentric striae and lines of growth.

Casts of the interior of the ventral valve show a minute apical callosity and cardinal scars.

The cast of the dorsal valve has a long median furrow and minute cardinal scars.

Observations.—This minute shell occurs in the shales and in a fine-grained interbedded

sandstone of the Upper Cambrian. It is characterized mainly by the convexity of the dorsal

valve and the relatively low ventral valve, characters that point to its descent from a form
like Acrotreta sagittalis.

The cast of a dorsal valve represented by Plate LXVI, figure 6c, shows a great develop-

ment of the cardinal muscle scars ; this is abnormal or else the valve belongs to another species.

Formation and locality.—TTpper Cambrian: (3n) Thin-bedded sandstone on Salmon River, Gillis Sill, 13 miles

(20.9 km.) south of Marion Bridge; (lOe) shales on east branch of Barachois River, 0.5 mile (0.8 km.) north of the cross-

road from Boisdale to Upper Leitches Creek; (101) shale on east bank of Barachois River, 6 miles (9.6 km.) from^Little

Bras d'Or Lake; and (101) shale in high bank on west side of Barachois River, just north of the Boisdale road; all in

eastern Cape Breton, Nova Scotia, Canada.

ACEOTEETA CUEVATA Walcott.

Plate LXVIII, figures 1, la-n.

Acrotreta gemma Walcott (in part) [not Billings], 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 17-18, PI. I, figs. Id

and le (not figs, la, lb, Ic, and If; see below). (Specimens now referred to Acrotreta attenuata, A. pyxidicula,

and A. idahoensis alta were included with the specimens representing A. curvata when this description of

A. gemma was written, A. idahoensis alta being figured (PL I, figs, la and lb)'. The specimens represented

by PL IX, figs. 9 and 9a, can not be positively located at this time, but it is probable that they should be

referred to A. idahoensis alta. The specimens represented by PL I, figs. Id and le, are redrawn in this mono-

graph, PL LXVIII, figs. Ig and 1 1, respectively. Fig. Ic represented a specimen of Acrotreta sabrinx, and

the specimen represented by fig. If is missing.)

Acrotreta gemma Walcott (in part) [not Billings], 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 608, PL LXVII,
fig. 5b (not figs. 5, 5a, 5c, 5d, and 5e; see below). (Fig. 5b is a copy of Fig. Id of preceding reference. Speci-

mens now referred to Acrotreta attenuata, A. pyxidicula, A. idahoensis alta, and A. primseva were included with

the specimens representing A. curvata in this reference to A. gemma, but only the last two were figured;

A. idahoensis alta, PI. LXVII, figs. 5 and 5a, and A. primxva, PL LXVII, figs. 5c, 5d, and 5e.)

Acrotreta gemma Hall and Clarke (in part) [not Billings], 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1,

p. 102, fig. 55 (not figs. 56 and 57; see below). (Mentioned in the text and fig. 55 copied from Walcott, 1884b,

PL I, fig. Id. The specimens represented by figs. 56 and 57 are referred in this monograph to Acrotreta idaho-

ensis alta.)

Acrotreta gemma Walcott (in part) [not Billings], 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 449, PL LXII,

fig. 2e (not figs. 2, 2a-d; see below). (Fig. 2e is a copy of Walcott, 1884b, PL I, fig. Id. Specimens now
referred to Acrotreta attenuata, A. pyxidicula, A. idahoensis alta, and A. primxva were included with the speci-

mens representing A. curvata when this description of A. gemma was written, but only the last two were figured:

A. idahoensis alta, PL LXII, figs. 2a and 2c, and A. primreva, PL LXII, figs. 2, 2b, and 2d.)

Acrotreta curvata Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 584. (Characterized essentially as below as a

new species.)

This is a clearly defined species and all that is known of it, with the exception of the very

fine concentric surface stria?, can be illustrated. It belongs with Acrotreta idahoensis Walcott

and other species with a broad false area. It differs from described species in the incurved

apex of the ventral valve, the strong siaus of the dorsal valve, and the general aspect of the

two valves.
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This form owes its specific name to the fact that the apex of the ventral valve is strongly

incurved.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (203a) Lime-

stones at base of Pogonip limestone, in the spur on Hamburg Ridge extending out southwest from. Wood Cone, Eureka dis-

trict [Hague, 1892, Atlas], Eureka County, Nevada.

TTpper Cambrian: (12p) About 225 feet (69 m.) above the igneous rocks in the limestones of the Reagan sand-

stone, at the northwest extremity of the Arbuckle Mountains, about 4 miles (6.4 km.) east of Homer, Carter County,

Oklahoma.

ACEOTEETA DEFINITA Walcott.

Plate LXIV, figures 2, 2a-g, 3, 3a-b.

Acrotreta definita Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 5S4-585. (Described essentially as below as a

new species.)

For exterior outline, form, and convexity of the valve, the student is referred to the

illustrations (PI. LXIV). It is to be noted that the false pedicle groove is very distinct and
also broader than that of Acrotreta attenuata Meek. The interior of the ventral valve is beau-

tifully shown by casts. One of these (fig. 2c) shows the strong vascular sinuses, cardinal scars,

cast of apical callosity, and, just in front of the latter, two slight tubercles, which may be the

cast of depressions corresponding to the foraminal pits of Acrothele. The cast of the dorsal

valve is also very instructive in showing the area, cardinal scars, median ridge, and central

scars.

Observations.—This large fine species differs from its nearest ally, Acrotreta idaJioensis

Walcott, in the false area and the details of the arrangement of the vascular markings and
muscle scars of the interior of the valves. The Idaho shells occur in a dark argillaceous shale

and were collected by R. S. Spence, of Evanston, Wyoming. The Eureka (Nevada) specimens
(PL IjXIV, figs. 3, 3a-b) are from a shaly limestone.

Acrotreta depressa (PI. LXVI, figs. 8, 8a-c) occurs at about the same stratigraphic horizon,

but it has, when uncompressed, a more elevated and sharper apex.

Fokmation and locality.—Middle Cambrian: (55) Shaly limestone at the top of the Eldorado limestone [Wal-

cott, 1908f, p. 184], east slope of Prospect Mountain, in New York Canyon, Eureka district [Hague, 1892, Atlas]; and
(57) shaly limestone of the Eldorado limestone [Walcott, 1908f, p. 184], at the 700-foot (213.4 m.) level of the Rich-

mond mine, Ruby Hill [Hague, 1892, p. 43, and PL I, opposite p. 116]; both in Eureka County, Nevada.
(55c and 163) « Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], about SO feet {15.2 m.) above the

Brigham quartzite and 2,755 feet (839.7 m.) below the Upper Cambrian, in a ravine running up into Danish Flatfrom Mill

Canyon, about 6 miles {9.6 km.) west-southwest of Liberty, and 15 miles {24-2 km.) west of Montpelier, Bear Lake County,

Idaho.

(4o) Shale about 375 feet (115 m.) above the unconformable base of the Cambrian, in divide at the head of

Jackson Creek (locally known as Sheep Creek), a creek flowing into Jackson Lake about 0.5 mile (0.8 km.) south of

its northwestern corner, Teton Mountains, Grand Teton quadrangle (U. S. Geol. Survey), Uinta County, Wyoming.

ACEOTEETA DEPEESSA (Walcott).

". Plate LXVI, figures 8, 8a-c.

Acrotreta gemma depressa Walcott, 1889, Proc. U. S. Nat. Mus. for 1888, vol. 11, pp. 441-442. (Reason given for

separation as a new variety.)

Linnarssonia sagittalis Walcott, 1889, idem, p. 442. (Mentioned.)

Acrotreta gemma depressa Walcott, Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3,

p. 109. (Copies Walcott, 1889c, p. 441, and proposes the species A. depressa.)

Acrotreta depressa Walcott, 1908, Canadian Alpine Joiu-nal, vol. 1, No. 2, p. 245, PL I, figs. 3, 3a-c. (No text refer-

ence. Figs. 3, 3a-c are copied in this monograph, PL LXVI, figs. 8c, 8c', 8a, and 8, respectively.)

A group of depressed ventral valves in an arenaceous argillaceous shale led me [1889c,

p. 441] to distinguish the shell as a variety of Acrotreta gemma Billings. Material received

since 1889, from a black and finer shale, shows an elevated ventral valve much like that

of A. idaJioensis alta Walcott, but at present I am unable to decide that the typical form of

a 163 is the type locality.
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A. defressa (figs. 8 and 8') is the same as the elevated ventral valve represented by figure 8c, or

that the latter is A. idahoensis alta; neither form should be referred to A. gemma. A. definita

(PL LXIV, figs. 2, 2a-g) occurs at the same relative stratigraphic horizon as this species and
it is about the same size. It differs in having a lower, less elevated, and less pointed apex

on the ventral valve.

This form owes its specific name to the fact that its ventral valve is depressed.

Formation and locality.—Middle Cambrian: (14s) About 2,300 feet {701 m.) above the Lower Cambrian and
2,100 feel {823 m.) below the Upper Cambrian in the Ogygopsis zone of the Stephen formation [Walcott, 1908f, p. 210], at

the great "fossil bed," on the northwest slope of Mount Stephen; (57f) about 2,200 feet (670.6 m.) above the Lower Cam-
brian and 2,800 feet (853.4 m.) below the Upper Cambrian in the limestone forming 1 of the Stephen formation

[Walcott, 1908f, p. 209], about 0.5 mile (0.8 km.) east of the great ''fossil bed " on Mount Stephen; (58j) about 1,900 feet

(579 m.) above the Lower Cambrian and 3,100 feet (945 m.) below the Upper Cambrian, near the base of the lime-,

stone forming 2 of the Stephen formation [Walcott, 1908c, p. 238(7)], on the east side of Mount Stephen about 3,000

feet (914 m.) above the Canadian Pacific Railway track; and (58r) about 1,800 feet (548.6 m.) above the Lower Cambrian
and 3,200 feet (975.4 m.) below the Upper Cambrian, in the limestones forming 2 of the Stephen formation [Walcott,

1908f, p. 211], in the amphitheater between Mounts Stephen and Dennis; all near Field on the Canadian Pacific

Bailway, British Columbia, Canada.

ACROTEETA EGGEGRUNDENSIS Wiman.

Plate LXX, figures 2a-d.

Acrotreta eggegrundensis Wiman, 1902, Bull. Geol. Inst. Univ. LTpsala, vol. 6, pt. 1, No. 11, p. 55, PI. II, figs. 23-29.

(Described in German as a new species. The two specimens represented by figs. 29, 27, and 26, and fig. 24 are

redrawn in this monograph, PI. LXX, figs. 2a-c and 2d, respectively.)

Acrotreta eggegrundensis Wiman, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 299-300. (Characterized as

below.)

This species is of a characteristic Middle Cambrian type of Acrotreta represented in America
by A. idahoensis Walcott and A. Jcutorgai Walcott. The surface is marked by unusually strong

lines and ridges of growth and the false area is well defined. It is quite distinct from other

species of the genus in European formations.

Carl Wiman [1902, p. 51] refers this species to the Olenellus sandstone series. The bowlder

containing it also carried Aparchites ? anderssoni, Hipponicharion mattJiewi, Oholus ( Westonia)

tottnicus, Kutorginaf , Torellella Isevigata, and fragments referred to Olenellus. This fauna is

essentially Middle Cambrian in its facies, and unless the fragments referred to Olenellus are

indisputably of that genus, I am inclined to refer the bowlder and its contained fossils to the

Middle Cambrian. The fact that Oholus ( V^estonia) bottnicus is nearly identical with 0. ( W.)

finlandensis of the Middle Cambrian of Finland also points to the Middle Cambrian age of

the fauna.

The specific name is derived from Eggegrund Island, the type locality.

Formation and locality.—Middle? Cambrian: (311) Drift bowlder of coarse-grained, somewhat friable, glauconitic

sandstone. No. 3 [Wiman, 1902, p. 57], on Eggegrund Island, about 25 miles {40 hm.) northeast of Gefle, Province of

Gefleborg; and (311a) drift bowlder of glauconitic sandstone [Wiman, 1902, p. 57], at Norrskedika, a little northwest

of Osthammar, Province of Stockholm; both in Sweden.

(Slid) Drift bowlder of glauconitic sandstone [Wiman, 1902, p. 57], south of Lumparstrommen, Aland Island,

Finland, Prussia.

Acrotreta emmonsi Walcott.

Plate LXV, figure 6.

Acrotreta emmonsi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 300. (Characterized as below as a new species.)

Only the interiors of the two valves of this species are known. The one illustrated shows
the distinct character of the vascular markings and muscle scars. The only shell with which
It can be compared is the dorsal valve of Acrotreta idahoensis Walcott (PL LXV, figs. If, Ig).

This shell resembles Oholella, but its corneous test, cardinal muscle scars, and absence of area

of the Oholella type prevent a reference to that genus. Fragments of Olenellus occur in the

layer of limestone from which the specimens were obtained.
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The specific name is given in memory of Dr. Ebenezer Emmons, who studied and wrote
of the Bald Mountain section.

Formation and locality.—Lower Cambrian : (35a) Shaly limestone on the west slope of the summit of Bald Moun-
tain, S miles {4.S km.) north-northwest of Greenwich, Schuylerville quadrangle

( U. S. Geol. Survey); and (38a) limestone

2 miles (3.2 km.) south of North Granville, on the road which turns south from the road running between that village

and Truthville, 4 miles (6.4 km.) west-northwest of Granville, Fort Ann quadrangle (U. S. Geol. Survey); both in

Washington County, New York.

ACROTEETA GEMMA BillingS.

Plate LXVI, figures 1, la-b.

Acrotreta gemma Billings, 1865, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 216-217, figs. 201a-f. (Described

as below as a new species. The specimens represented by figs. 201b, d, e, and f are redrawn in this monograph,
PI. LXVI, figs. 1, la-b, respectively.)

Not Acrotreta gemma Walcott [1884b, p. 17; 1886b, p. 98; 1891a, p. 608; or 1899, p. 449]. (The specimens referred to

Acrotreta gemma Billings in the references mentioned have been referred in this monograph to Acrotreta attenuata,

A. curvata, A. idahoensis aha, A. primxva, and A. pyxidicula, which see.)

The original description by Billings follows:

Shell very small, about 1 line in diameter; one valve nearly flat and the other acutely conical. Dorsal valve
very gently convex, nearly circular; sides and front margin uniformly rounded

;
posterior margin very obtusely angu-

lated at the beak, on each side of which a portion of the cardinal edge, equal to one-fourth of the whole width of the

shell, is nearly straight; umbo very small; beak apparently depressed to the hinge line and not projecting beyond it;

cardinal angles compressed, broadly rounded; a wide, shallow, mesial sinus extends from the front margin about half-

way to the beak ; elsewhere the valve is gently convex or nearly flat.

Ventral valve acutely conical, with a flat triangular area which is perpendicular to the plane of the lateral margin,

its base half the width of the whole shell. In the apex of this valve there is a minute circular aperture, and in one
specimen a dark line extends from it down the middle of the area, which appears to represent the foraminal groove

of this genus; but in two other specimens of the ventral valve, with the area well preserved, there is no indication of

a groove. Surface with very fine concentric striae.

Width of dorsal valve about 1 line; length about eight-ninths of a line. The height of the ventral valve is about
1 line.

The form of this species is very like that of A. subconica Kutorga, but that species is twice the size of this and has

the area distinctly grooved.

Observations.—By the courtesy of Prof. J. F. Whiteaves, of the Geological Survey of

Canada, I have had the opportunity of studying the type material of this species. Nine speci-

mens of the ventral valve were received, but none of the dorsal valve, as they could not be

found. One specimen in a dove-colored limestone appears to belong to a distinct species,

which I have named Acrotreta ovalis. The remaining specimens show some variation in the

angle of slope of the sides of the ventral valve, but four of them are similar to the form illus-

trated by Billings [1865a, p. 216].

The broad false area, with a scarcely perceptible impression of the path of advance of

the pseudodeltidium, is clearly shown in one of the specimens, and faintly in others. Two
shells have the apex broken off so as to expose the cast of a minute apical callosity and a small

portion of the side of the cast of the main vascular sinus (PL LXVI, fig. lb).

Acrotreta gemma belongs to the A. subconica Kutorga group of the genus, having a high

ventral valve and a distinct and broad false area. It differs from A. subconica in having a less

elevated ventral valve and in the apex being in front of the posterior margin instead of extending

over it. Acrotreta gemma has no strong specific relations with the forms from the Rocky
Mountains that I identified with it. A. attenuata Meek has a high ventral valve, but the false

area is practically absent, a narrow, deep sulcus taking its place. A. idahoensis alta Walcott
has the elevation and false area, but differs in the details of the area and the outline of the cross

section of the ventral valve. It was this form that led me [1884b, p. 17] to consider th&tA.gemma
occurred in Nevada, and with the slight knowledge that I then had of the genus and species a

-wide variation of form was given to A. gemma. As far as now known to me, the species is

restricted to the type locality.

Formation and locality.—lower Ordovician: (314d [Billings, 1865a, p. 217]) Limestone of Division P of the

"Quebec group," 4 miles (6.4 km.) northeast of Portland Creek, Newfoundland.
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AcROTRETA GEMMXiLA Matthew.

Plate LXVI, figures 3, 3a-c; Plate LXXVII, figures 5, 5a-f.

Acrotreta gemmula Matthew, 1894, Trans. Eoy. Soc. Canada for 1893, 1st ser., vol. 11, sec. 4, No. 8, pp. 87-88, PI. XVI,

figa. 2a-d. (Described as a new species. The specimens represented by figs. 2a and 2b are redra-wn in this

monograph, PI. LXVI, figs. 3a and 3b-c, respectively.)

Acrotreta gennmula Matthew, 1895, Trans. New York Acad. Sci. for 1894-5, vol. 14, p. 126, PI. V, figs. 5a-d. (Changes

stratigraphic range. Copies figures from preceding reference.)

Acrotreta gemmula Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 97, PL III, figs.

4a-d. (Mentioned. Figures copied from Matthew, 1894, PL XVI, figs. 2c, 2d, 2a, and 2b, respectively.)

Shell small, nearly circular m outlme, with the posterior margin slightly straightened.

Height of ventral valve above the posterior margin about one-half the length, of the valve.

Apex slightly incurved over the false area, which varies from nearly vertical to an appreciable

forward slope from the margin. False area with rounded lateral margins and a rather strong

median groove that termiaates in a sulcus at the margin and begins at a minute foraminal

aperture just beneath the apex. The position of the pedicle aperture causes it to open almost

directly backward. The dorsal valve is moderately and rather uniformly convex. Surface

of shell marked by fine, concentric striae and lines of growth, and toward the outer margin

by very fine, undulating, concentric strise that give the surface, when examined by a strong

lens, the fretted appearance shown on a larger scale on Oholus ( Westonia) ella (Hall and Whit-

field) and a few species of Acrotreta. The size of the shell is about that of Acrotreta convexa

Walcott, 1.5 to 2 mm. in diameter. The shell appears to have been rather thin, as it is indented

by the pressure of the fine grains of sand of the matrix, and often bends rather than breaks when

compressed. It is built up of very thin layers or lamellae that in the dorsal valve form a

thickened rim.

The cast of the interior of the ventral valve indicates a small but distinctly marked apical

callosity penetrated by a rather strong pedicle tube that is directed backward at an angle of

about 45°. A trace of the main vascular sinuses is shown at the anterolateral edges of the

apical callosity; the casts of the cardinal scars are rather large for so small a shell. The interior

of the dorsal valve is marked by a rather strong median ridge, large cardinal scars, and small

central scars. One of the strongly marked characters is the strong outer rim.

This is a very clearly defined species and the oldest of the Acadian representatives of the

genus, occurring, as it does, just below the " Protolenus fauna." The position of the pedicle

aperture is similar to that of many species of Acrothele and is unusual for the genus, and may
be of generic or subgeneric importance.

In the collections made by Loper on Dugald Brook this species occurs with O&oZus (Palscoiolus)

hretonensis (Matthew) in beds beneath Acrothyra proavia (Matthew) . He collected a fine series of

this species at the same horizon from whichMatthew obtained the types of his "Acrotreta papillata"

(see Acrothyra sera (Matthew), p. 718). I find that when the outer surface of the shell is well

preserved it has a slightly fretted or pitted appearance on specimens from Hanford Brook and

also Dugald Brook. Those from Dugald Brook show radiating lines when the thin outer layer

of the shell is exfoliated. In some layers of rock all the shells are finely pitted, evidently by

the fine grains of quartz sand in the matrix being pressed against the shell; in other layers the

shells are identical in surface markings and form with those of A. gemmula from Hanford

Brook.

The interiors of the dorsal valve are not sufficiently well preserved for comparison, but in

the ventral valve they are essentially the same. In each locality there is considerable variation

in the form and size of the apical callosity.

Formation and locality.—Middle Cambrian: (301a [MattJiew, 1894, p. 88]) Fine-grained sandstones below the

Protolenus-hearing shales and sandstones in Division IbS of Matthew on Hanford Brook; and (301 [Matthew, 1895a,

p. 126]) sandstones of Division lb2 of the "Protolenus zone " of Matthew on Hanford Brook; both in St. John County,

New Brunswick.

(lOp) Sandstone just below the waterfall in Division E2b of Matthew's [1903, p. 21] Etcheminian, Dugald

Brook, Indian River; and (lOp") sandstone on the small brook on the hill between the bridge over Indian River and

McPhees Brook; both in eastern Cape Breton, Nova Scotia, Canada.
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I ACROTEETA GBACIA Walcott

Plate LXVI, figures 5, 5a-d.

Acrotreta gracia Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 586-587. (Described and discussed essentially

as below as a new species.)

Shell small, slightly transverse; apex of ventral valve about one-third the length of the

shell from the posterior margin; height about two-thirds the length of the shell; false area

defined by the sharp rounding of the cardinal slopes and the transverse posterior margin, which
is indented by the strong, broad, median groove extending from the margin to the apex, where
it almost comes in contact with the minute apical pedicle opening. Dorsal valve moderately

convex mth a nearly straight or gently curved posterior margin; beak minute, marginal. Sur-

face of shell marked by fine concentric striae and lines of growth. Shell strong and built up
of thin layers or lamellae that over the central and anterior portions are more or less obHque
to the outer surface layer.

The cast of the ventral valve indicates a small but very clearly marked apical callosity;

rather small cardinal scars and main vascular sinuses. The false area is narrow and broken
midway by a rather wide, slightly arching false deltidium. The cast of the interior of the

dorsal valve shows a broad, low, median ridge extending to about the anterior third of the

length of the valve, large cardinal muscle scars, and small main vascular sinuses that arch

inward after passing the central scars, and then outward.

Observations.—This species is distinguished by the strong shell, broad median ridge of

the dorsal valve, and deep median groove of the false area of the ventral valve. The light

color of the shell may be owing to the character of the limestone in which it is preserved, or

it may be that it is a little more calcareous than other species of the genus.

The Acrotreta which Matthew [1897b, p. 169] describes and illustrates from the Hastings
Cove locaHty {" Linnarssonia helti magna") is characterized by a narrow median ridge in the
dorsal valve and other characters not present in A. gracia. In the Paradoxides zone on Han-
ford Brook I found numerous examples of a species of Acrotreta that appears to be identical

with the form described by Matthew [1897b, p. 169] and have referred it as a variety (magna)
of Acrotreta sagittalis (Salter) (p. 706).

Formation and locality.—Middle Cambrian: (2s) Limestone in upper part of Paradoxides zone, Hastings
Cove [Matthew, 1898b, p. 38], on Kennebecasis Bay, 0.5 mile (0.8 km.) northeast of Torrybum, on the Intercolonial

Railway, northeast of St. John, St. John County, New Brunswick.

Acrotreta idahoensis Walcott.

Plate LXV, figures 1, la-i; Plate LXVIII, figures 2, 2a-g.

Acrotreta attenuata Meek (in part), 1873, Sixth Ann. Rept. U. S. Geol. and Geog. Survey Terr, for 1872, p. 463, foot-

note. (Among the specimens which Meek listed as A. subconica and for which he proposed the name A. attenuata

in a footnote are specimens which are now referred to A. idahoensis. See also A. attenuata and A. attenuata var.)

Not Acrotreta subconica Kutorga, 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12, p. 275.

(Referred in this monograph to Acrotreta subconica.)

Acrotreta idahoensis Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 587. (Described essentially as below as a new
species.)

The general outline, form, and convexity of the two valves are so fully shown by the illus-

trations that detailed descriptions mil not be given. The material for illustrating the interior

of the ventral valve is limited, but one cast shows the position of the base of the cast of the

foraminal tube, and the large, main vascular sinuses (PI. LXV, fig. Id). An interior of a dorsal

valve and the accompanying cast (PL LXV, figs. If, Ig) present characters rarely seen in this

genus. The vascular canals arch out beyond the central muscle scars, and then bend in toward
the median ridge, and again obliquely outward to form the outer limit of a smooth, polished,

lanceolate-shaped surface that extends obliquely outward from the median ridge. The line

that extends from in front of the cardinal scars forward, subparallel to the margin of the shell,

and then bends abruptly in and forward is apparently the outer boundary of a very broad.
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shallow, vascular sinus. Something of this same character occurs in the dorsal valve of

Oholus (Linguloholus) spissus (Billings) (PL XVI, figs. 2, 2d). The cardinal scars are small

and situated close to the narrow area. Another cast of the interior (fig. le) shows the central

scars distinctly; also the presence of a thickening of the shell in the vicinity of the cardinal

scars. The median ridge is smaller and shorter than in Plate LXV, figure Ig.

Observations.—The external characters of this species suggest Acrotreta curvata Walcott,

but the elevation and curvature of the ventral valve are not the same and the interior of the

dorsal valve is very distinct in its specific characters. There are no interiors of the form from

the Black Hills, but the external characters appear to be the same. These include the broad

false area, with its sUghtly marked groove, the position of the apex, and the curvature of the

false area.

Acrotreta idaJioensis has been found in the Dunderberg shale of the Eureka district, Nevada,

and it extends up also to the base of the Pogonip limestone. The horizon is higher than that

of the type specimen, but the shells from the higher and lower horizons appear to be identical.

Formation and locality.—Lower Ordovician : (201a) Pogonip limestone, east slope of the ridge east of Ham-
burg Ridge; and (202) Pogonip limestone on the summit of the ridge directly southeast of the Jackson mine, north-

west of Shadow Canyon; both in the Eureka district [Hague, 1S92, Atlas], Eureka County, Nevada.

Upper Cambrian : (61) Limestone in the Dunderberg shale [Walcott, 1908f
, p. 184], a little south of the Hamburg

mine, Eureka district [Hague, 1892, Atlas], Eureka County; and (313) limestone 0.75 mile (1.2 km.) east-northeast of

McGill post office, White Pine County; both in Nevada.

(15d) Thin-bedded blue limestone near Cave Spring, on the east side of the Fish Spring Range, about 4 miles

(6.4 km.) south of the J. J. Thomas ranch, Juab County; and (301i) about 350 feet (106.7 m.) above the Middle Cam-
brian and 2,950 feet (899.2 m.) below the top of the Upper Cambrian, near the base of the arenaceous limestones form-

ing 2a of the Orr formation [Walcott, 1908f, p. 177], on Orr Ridge, about 5 miles (8 km.) south of Marjum Pass, House

Range [Walcott, 1908f, PI. XIII], Millard County; both in Utah.

(5c and 54t) Limestones of the St. Charles formation [Walcott, 1908a, p. 6], about ^50 feet (76 m.) above the Middle

Cambrian; and (54u) limestones of the St. Charles formation about 100 feet (30.2 m.) above the Middle Cambrian;

both on the north side of Twomile Canyon near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,

Idaho.

(56g) Limestone of the St. Charles formation [Walcott, 1908a, p. 6], in the valley of the stream which flows into

Mill Canyon from the west, about 6 miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Mont-

pelier. Bear Lake County, Idaho.

Middle Cambrian: (88a) Limestone about 100 feet (30.5 m.) above the quartzitic sandstone at the base of the

Cambrian, in the northern suburbs of Deadwood; and (165) limestone on the east side of the valley, in raihoad cut

about 1 mile (1.6 km.) below the main part of Deadwood; both in the Black Hills, South Dakota.

(302a) Limestones at several places on the south side of the Gallatin Valley, Gallatin County, Montana.

(302b) Limestones near Crowfoot Ridge, Gallatin quadrangle (U. S. Geol. Survey), Yellowstone National Park,

Wyoming.

(59g) Limestones immediately overlying the Spence shale member of the Ute limestone [Walcott, 1908a, p. 8],

in a saddle north of the creek which flows into Mill Canyon from the west, about 5 miles (8 km.) west-southwest of

Liberty and 15 miles (24.2 km.) west of Liberty, Bear Lake County, Idaho.

(lie) About 2,750 feet (838.2 m.) above the Lower Cambrian and 1,650 feet (502.9 m.) below the Upper Cam-

brian, at the base of la of the Marjum limestone [Walcott, 1908f, p. 179], about 4 miles (6.4 km.) southeast of Antelope

Springs, in the spur at the junction of the Deseret and Swasey Spring roads [Walcott, 1908f, PI. XIII], House

Range, Millard County, Utah.

Acrotreta cf. idahoensis.

This species is represented by a single specimen of a somewhat imperfect ventral valve.

It is larger than the average shells of Acrotreta idahoensis Walcott, and appears to have had a

more incurved apex. The exterior layer is also duller and less distinctly striated than most

specimens of the latter species. The shell is built up of numerous thin layers or lamellae, more
or less oblique to the outer surface; the lamellae are marked by numerous fine radiating strise

and a few concentric striae. The general impression given by the shell is that it is an old shell

which has thickened by growth and become more robust and incurved than is usual in the

species with which it is compared.

Formation and locality.—Middle Cambrian: (7j) Limestones at the north end of the Quinn Canyun Range, 1

mile (1.6 km.) northwest of the Italian Ranch foothills, Nye County, Nevada.
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ACROTRETA IDAHOENSIS ALTA Walcott.

Plate LXV, figures 4, 4a-b.

Aarotreta gemma Walcott (in part) [not Billings], X884, Mon. TJ. S. Geol. Survey, vol. 8, pp. 17-18, PI. I, figs, la

and lb (not figs. Ic-f; see below), and (?) PI. IX, figs. 9 and 9a (see also below). (Specimens now referred

to Acrotreta attenuata, A. pyxidicula, and A. curvata were included with the specimens representing 4. idahoensis

alta when this description of A. gemma was written, A. curvata being figured, PI. I, figs. Id and le. The
specimen represented by PI. I, fig. la, is redrawn in this monograph, PL LXV, fig. 4a. Fig. Ic represented

a specimen of Acrotreta sabrinse; the specimens represented by figs. If and 9 and 9a are missing.)

/ Acrotreta gemma Walcott (in part) [not Billings], 1891, Tenth Ann. Eept. U. S. Geol. Survey, p. 608, PI. LXVII,
figs. 5 and 5a (not figs. 5b-e; see below). (Figs. 5 and 5a are copied from figs, la and lb of preceding reference.

Specimens now referred to Acrotreta attenuata, A. pyxidicula, A. curvata, and A. primxva were included with

the specimens representing A. idahoensis alta in this reference to A. gemma, but only the last two were figured:

A. curvata, PI. LXVII, fig. 5b, and^. primseva, PI. LXVII, figs. 5c, 5d, and 5e.)

^/' Acrotreta gemma Walcott, Hall and Clarke (in part) [not Billings], 1892, Nat. Hist. New York, Paleontology, vol.

8, pt. 1, p. 102, figs. 56 and 57 (not fig. 55). (Mentioned in the text, and figures copied from Walcott, 18S4b,

PI. I, figs, la and lb. The specimen represented by fig. 55 is referred in this monograph to Acrotreta curvata.)

Acrotreta gemma Walcott (in part) [not Billings], 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 449, PL LXII,
figs. 2a and 2c (not figs. 2, 2b, 2d, and 2e; see below). (Figs. 2a and 2c are copied fromWalcott, 1884b, PI. I,

figs, la and lb, respectively. Specimens now referred to Acrotreta attenuata, A. pyxidicula, A. curvata, and A.
primxva were included with the specimens representing A. idahoensis alta when this description of A. gemma
was written, but only the last two were figured: A. curvata, PL LXII, figs. 2e, and A. primxva, PL LXII, figs.

2, 2b, and 2d.)
' '

Acrotreta idahoensis alta Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 588. (Characterized essentially as below
as a new variety.)

This is one of the forms that I included with Acrotreta gemma Billings in the report on
the Paleontology of the Eureka district, Nevada [1884b, p. 17J.- It has the broad false area

of A. idahoensis Walcott, but the ventral valve is more elevated and the apex does not over-

hang the false area. From A. attenuata ]\ieek it differs in having a broad false area.

A form indistinguishable from Acrotreta idahoensis alta occurs in the Dunderberg shale of

the Eureka district section of Nevada. The horizon is higher than that of the type specimen,

but there appears to be no way of distinguisliing between the type and the Dunderberg shale

specimens.

A similar but smaller form extends up through from the Dunderberg shale into the

arenaceous and calcareous shales at the base of the Pogonip Hmestone, where fossils of the

Ordovician fauna occur.

This form owes its varietal name to its high ventral valve.

Formation and locality.—Lower Ordovician: (63) At base of Pogonip limestone, northeast of Adams Hill,

Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Passage beds between the Upper Cambrian and the Ordovician: (201) Arenaceous Pogonip limestone on east

slope of ridge east of Hamburg Ridge; and (206a) sandy limestone on Hoosac Mountain; both in the Eureka district

[Hague, 1892, Atlas], Eureka County, Nevada.

trpper Cambrian: (61) Limestone in the Dunderberg shale [Walcott, 1908f, p. 184], a little south of the Hamburg
mine; and (65) limestone on the east side of Sierra Canyon, opposite Pinnacle Peak; both in the Eureka district [Hague,

1892, Atlas], Eureka County, Nevada.

(S4f) 150 feet (45.7 m.) above the Middle Cambrian and 1,075 feet (327.7 m.) below the top of the Upper Cambrian
in light-gray sandstone forming No. 4 of the St. Charles formation fWalcott, 1908f, p. 193], in Blacksmith Fork Canyon
about 10 miles (16.1 km.) east of Hyrum, Cache County; (34q) shales about 3,800 feet (1,158.2 m.) above the Brigham
quartzite [Walcott, 1908a, p. 8], in Wasatch Canyon, east of Lakeview ranch, about 5 miles (8 km.) north of Brigham,
Boxelder County; and (15d) thin-bedded blue limestone near Cave Spring on the east side of the Fish Spring Range,
about 4 miles (6.4 km.) south of the J. J. Thomas ranch, Juab County; all in Utah.

Middle? Cambrian: (33n) Limestone pebbles, west front of the Pavant Mountains, at the mouth of Crow Creek,

about 4 miles (6.4 km.) east of Fillmore, Millard County, Utah. ^
Middle Cambrian : (58) Shaly limestone in upper beds of Secret Canyon shale^east side of New York and Secret can-

yons, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

(7i) Limestone just west of the summit on the road east of Schellbourne; and (313b) limestones 3 miles (4.8 km.)
north-northeast of Schellbourne; laoth in the Schell Creek Range, White Pine County, Nevada.

(302w) Limestone at Madison Mountain, Montana. ,._

62667°—vol 51, pt 1—12 44
i



690 CAMBRIAN BRACHIOPODA.

ACROTBETA IDAHOENSIS STJLCATA Walcott.

Plate LXV, figure 5.

Acrotreta idahoensis sulcata Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 588. (Characterized as below as a new
variety.)

This sti'ongly marked ventral valve is associated with the variety alta, but in its rounded

posterior side and strong median groove it is quite distinct. The apex is broken off so as to

show the cast of a small apical callosity and the base of a minute foraminal tube.

This form owes its varietal name to the fact that it possesses a sulcate ventral valve.

FoEMATioN AND LOCALITY.—^Tipper Cambrian: (30h) About 350 feet (106.7 m.) above the Middle Cambrian and

2,950 (899.2 m.) below the top of the Upper Cambrian, near the base of the arenaceous limestones forming 2a of the

Orr formation [Walcott, 1908f, p. 177], on Orr Bidge, about 5 miles (8 km.) south of Marjum Pass, House Range [Wal-

cott, 1908f, PI. XIII], Millard County, Utah.

(54t) Limestone of the St. Charles formation [Walcott, 1908a, p. 6], about 250 feet (76 m.) above the Middle Cam-
brian, on the north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,

Idaho.

Middle Cambrian: (S4s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198], just above the Cambrian
quartzitic sandstones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida
County; (55c) Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], about 50 feet (15.2 m.) above the Brigham
quartzite and 2,755 feet (839.7 m.) below the Upper Cambrian, in a ravine running up into Danish Flat from Mill

Canyon, about 6 miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake
County; and (322a) Langston limestone near Paris, Bear Lake County; all in Idaho.

Acrotreta inchoans (Barrande).

Plate XV, figures 7, 7a.

Lingula inchoans Barrande, 1868, Faune silurienne des environs de Hof, en Baviere, p. 102, figs. 74 and 75. (De-

scribed in French as a new species ; see below for translation. Figs. 74 and 75 are reproduced in this mono-

graph, PI. XV, figs. 7 and 7a, respectively.)

Lingula inchoans Barrande, 1868, Neues Jahrb. fur Mineralogie for 1868, p. 692, unnumbered plate, figs. 74 and 75.

(Copy of preceding reference.)

Acrothele inchoans (Barrande), Pompeckj, 1896, Tremadoc Fossilien bei Hof, p. 3. (Discussed in German,)

Acrolhele inchoans (Barrande), Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, p. 404.

(Mentioned.)

Acrothele inchoans (Barrande), Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 103.

(Copy of preceding reference.)

The original description by Barrande follows:

Under this name we unite several very small shells, rounded in appearance, but more or less elongated, which,

however, might represent merely the youthful form of another species. These very flat shells show one or two con-

centric grooves at the external contour. The one which is represented in figure 74 [PI. XV, fig. 7, of this work]

has, moreover, in the middle a faint longitudinal groove which extends nearly throughout its length.

Dimensions: Length, 2 mm.; breadth, 3.2 mm. on the specimen in figure 74 [Pi. XV, fig. 7, of this work].

Observations.—Pompeckj wrote me that he had concluded that this species was an Acrotreta

and not a Lingula. The illustrations and descriptions of Barrande suggest that the specimens

represent the compjessed dorsal valves of Acrotreta.

Matthew [1902a, p. 404] places this species under Acrofhele, but with only the figure given

by Barrande I prefer to accept Pompeckj 's provisional reference to Acrotreta.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

1868a, p. 102]) Darh argillaceous shale in the suburbs of Hof; and (303f [Pompeckj, 1896a, pp. 7 and 8]) railway cut near

Schellenberg, a little distance back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.

1 Acrotreta inflata (Matthew).

Plate LXXVI, figures 1, la-k, 2, 2a.

Lingulella? inflata Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, p. 33, PI. V, figs.

7 and 7a. (Discussed as a new species. The specimen represented by figs. 7 and 7a is redrawn in this mono-

graph, PI. LXXVI, fig. 2.)

Lingulella? inflata Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, p. 127, PI. V, figs. 3a-b. (Men-

tioned. Figures copied from preceding reference.)
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Lingulellaf inflata ovalis Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, p. 127, PI. V, figs. 4a-c.

(Described and discussed as a new variety. The specimen represented by figs. 4a-c is redrawn in this mono-
graph, PI. LXXVI, fig. 2a.)

Lingulella? inflataM.A.n'KEw , 1898, Trans. Roy. Soc. Canada for 1898, 2dser., vol. 4, sec. 4, No. 2, p. 128. (Mentioned.)

Acrothyra? inflata Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, p. 304. (Merely suggests

change in generic reference.)

Lingulella {Acrothyra?) inflata Matthew, 1902, idem, vol. 4, pt. 5, No. 20, p. 390. (Mentioned.)

Acrotreta inflata (Matthew), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 588-589. (Described essentially as

below.)

Shell subcircular to transversely broad oval. Ventral valve subconical, with the apex
directed backward and usually on a line with the posterior margin, or extending beyond it

(PL LXXVI, figs. 1' and la'), but it may be anterior to it (PI. LXXVI, figs, lb' and Id');

false area slightlj^ defined by the abrupt curvature of the cardinal slopes, median line depressed,

narrow, the two sides of the false area incurving to form it (PI. LXXVI, fig. Ig); pedicle

aperture longitudinally oval and slightly truncating the apex. Dorsal valve gently convex,

with a minute marginal beak. Surface of shell marked by concentric stride and growth lines,

and fine, irregular, wavy striae that inosculate more or less, giving the surface a fretted appear-

ance under a strong lens. The inner surface is marked by concentric lines and rather strong

radiating lines. The shell is built up of a thin outer ornamented surface and several thin

inner layers or lamellae. The average length of the ventral valve is 4 mm. and the width 3 to

3.5 mm. The dorsal valves are usually wider than long. Casts of the interior of the ventral

valve show strong cardinal scars, a strong apical callosity, and rather weakly developed main
vascular sinuses. The apical callosity varies in size and in form from elongate oval (PI. LXXVI,
fig. lb) to subcircular (fig. If). The cast of the interior of the dorsal valve shows large cardinal

muscle scars, and a broad, short median ridge posteriorly that extends beyond the center of

the valve.

Observations.—This species appears to be a true Acrotreta with the apical callosity elon-

gated by the elongation of the ventral valve. The dorsal valve is more convex than in most
species of Acrotreta, which gives a stronger relief to the ridges on the cast between the cardinal

scars and the median ridge. The posterior view (PL LXXVI, fig. Ik') should be compared
with the same view of the dorsal valve of Acrotreta sagittalis (Salter) and its varieties (PL

LXXI, figs. 11', Im', and 3g"; and PL LXXII, figs, le' and If). The fretted surface is of

the same type as that of several other species of the genus.

Matthew had very little material when he described the species [1886, p. 33]; subsequently

[1895a, p. 127] he created the variety ovalis from a more elongated ventral valve. In the col-

lection made for the United States National Museum by Loper, there are a number of ventral

and dorsal valves. The range of variation in outline appears to cover the variety ovalis.

Some are more transverse than the original type of the species and others nearly as elongate

as the variety ovalis. I have therefore considered the variety as within the original species.

Some of the shells show elongation and others are broadened by distortion.

Matthew [1895a, p. 127] called attention to the resemblance of this species to Linnarssonia

and Acrotreta, and when describing the genus Acrothyra suggested [1901b, p. 304] that it might
belong to that genus. It appears, however, to be a true Acrotreta. A series of specimens, sup-

plemented by the types and a number of ventral valves received from Doctor Matthew which
he had [1895a, p. 126] provisionally identified as ^'Acrotreta gemma Bilhngs?" show a rather

repaarkable variation in outline and position of the apex of the ventral valve. This is illus-

trated by the figures on Plate LXXVI, also by a number of specimens not illustrated. The
narrow forms, var. ovalis Matthew, have the apex extended beyond the posterior margin,

and in the broad forms the apex is above or in advance of the posterior margin, but if the

shells are compressed vertically the apex may be pushed out over the false area whether the

shell be narrow or broad. I think that in the normal form the false area is vertical or slightly

inclined backward.

Formation and locality.—Middle Cambrian: (2f and 2g)a Sandstones of Division Ibl of Matthew's [1895a,

p. 108] Protolenii^ zone, Hanford Brook, St. John County, New Brunswick, Canada.

a The specimens in the United States National Museum collections to which these numbers are assigned were collected at the type locality

but later than the type specimens.
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^ ACEOTEETA KUTOEGAI Walcott.

Text figure 58; Plate LXV, figures 3, 3a-e, 3g-k.

Acrotreta kutorgai Walcott (in part), 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 589-590. (Described as a new species,

but owing to a different interpretation of the structural characters of the ventral valve the description differs

from the one given below. Specimens now referred to Acrotreta rudis were included with true representatives

of A. kutorgai in this description.)

The external characters of the ventral valve ai^e clearly exhibited (PI. LXV) by figures

3, 3a, and 3d, and what is known of the interior by figures 3b and 3c. Figure 3g is that of a

most interesting specimen, as it clearly shows the cast of the cardinal area of the dorsal valve

adjusted against the false area and pseudodeltidium of the ventral valve. In 1902 (p. 589)

I considered this cast of the cardinal area of the dorsal valve to be the true area and pseudo-

deltidium of the ventral valve, and figure 3g was drawn to bring out this interpretation.

Figure 58 represents a view into the interior of the cast, showing the cast of the false area

and pseudodeltidium of the ventral valve, as well as the cast of the cardinal area of the dorsal

valve. The cardinal area of the dorsal valve is well

defined in the casts represented by Plate LXV, figures

3h-j. The median ridge of the dorsal valve is as long

proportionally as that of A. hisecta, and like it varies in

length and size in different shells.

The outer surface is marked by fine concentric strise

and lines of growth.

Observations.—This pretty species occurs attached

to the surface of siliceous nodules in association with
Figure S&.-Acrotreta Icuforgai Walcott. View into QlenoideS CUHicei, CrepicBphaluS texaUUS, AcTOtheU lellula

interior, the specimen being tipped, as shown in the
i- » r i mi i-

side outline. A vertical view of the same specimen Walcott, and CastS Ot AlcduSffi. ihe OutimC ot the COn-
is sho^vn in Plate LXV, flgwre 3g. vcxity of the valvcs and tlie posterior view of the ventral

c.:^Z::'Z:Z^^^:Z^::^.^. ^^l^e is most hke t\.^t oi a. attenuata Meek, but the

^ interior markings are quite unlike.

The specific name was given in honor of Kutorga.

Formation and locality.—Upper Cambrian: (361) Shaly limestone in suburb of Attalla, Etowah County,

Alabama.

(107o and 107u) Limestones and shales at the base of the Knox dolomite, west of the top of Copper Ridge, near

the Southern Railway cut, about 10 miles (16.1 km.) northwest of Knoxville [Keith, 1896b, areal geology sheet],

Knox County, Tennessee.

Middle Cambrian: (90b) Conasauga limestone in cut on Louisville and Nashville Railroad, near Woodstock,

Bibb County; (90) Conasauga ("Coosa") shale on Edwards farm, near Craigs Mountain, about 10 miles (16.1 km.)

southeast of Center, Cherokee County; (140) limestone interbedded in shales near Chepultepec, Blount County;

(90x) in and attached to the outer surface of siliceous nodules in the Conasauga (" Coosa") shale, Coosa Valley, Cherokee

County; (137) shales on the southeast side of the northeast end of the Cane Creek Mountains, 3 miles (4.8 km.) south

of Gadsden, Etowah County; and (139a) limestones on road near Wades Gap, near Chepultepec, Blount County; all

in Alabama.

Specimens that are somewhat doubtfully referred to this species occur at the following

localities

:

Middle Cambrian: (142) Shales just above the Olenellus zone, near the railroad, 4.5 miles (7.2 km.) north of

Montevallo, Shelby County, Alabama.

(18) Limestone 1 mile (1.6 km.) east of Gap Creek, 13 miles (20.8 km.) S. 75° E. of Knoxville, Knox County,

Tennessee.

ACEOTRETA LISANI Walcott.
^y

Plate LXVIII, figures 3, 3a-c.

Acrotreta Hani Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 300. (Described and discussed as below as a new
species. Li San's name was at that time believed to be correctly written as Lian, hence the form of the

specific name.)

Shell small, about L5 mm. in diameter; outline of aperture subcircular, the posterior

side being slightly transverse. Ventral valve conical, with the apex a little in advance of
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the posterior margin; false area indefinite, except for a rather strong, shallow furrow that

extends from the apex to the margin. The elevation of the valve is about two-thirds its

diameter at its aperture. Dorsal valve slightly convex, apex marginal. Surface of shell

marked by fine, concentric striiB and lines of growth that on the dorsal valve tend to form

low ridges toward the outer margins.

Observations.—This species is the representative of the American Acrotreta idahoensis

sulcata Walcott. It has the same type of false area, and the ventral valve is of average height.

The specific name is given in recognition of Li San, Mr. WilHs's faithful Chinese interpreter.

Formation and locality.—Middle Cambrian: (C22) Changhia limestone in upper oolitic portion [Blackwelder,

1907a, pp. 22 and 33 (part of last list of fossils)], at Changhia, Shantung, China.

ACEOTRETA MAR.JXJMENSIS Walcott.
U -

Plate LXXVIII, figures 2, 2a-d.

Acrotreta marjumensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 94-95, PI. IX, figs. 2 and 2a. (De-

scribed and discussed as below as a new species. Figs. 2 and 2a are copied in this monograph, PL LXXVIII,
figs. 2 and 2c, respectively.)

The general form of this species is much like that of Acrotreta idahoensis Walcott. The
ventral valve differs in having a more strongly marked and broader false area and in the

greater curvature of the apex over the false area. It is also less elevated, or convex, in pro-

portion to the size of the shell. It may also be compared with A. nehoensis Walcott, from

which it differs in being less elevated and in not having a well-indicated false pedicle furrow.

The dorsal valve is moderately convex and differs little from the dorsal valve of A. idahoensis

and A. nehoensis.

The interior of the dorsal valve shows a narrow median ridge that, at the center and
toward the front of the shell, rises as a sharp, rather high, and very narrow ridge. This ridge

starts posteriorly from a subtriangular, somewhat elevated area which has a longitudinal

furrow crossing it. The cardinal and central muscle scars are very clearly defined; in some
cases the central scars are slightly depressed, and in other shells elevated above the general

surface of the interior of the shell.

The specific name is derived from Marjum Pass, near the tj'pe locality.

Formation and locality.—Upper Cambrian: (33d) Thin-bedded blue limestone at the base of the first high

poitit southwest of the J. J. Thomas ranch, on the east side of the Fish Spring Range, Juab County, Utah.

Middle Cambrian: (lin) About 3,000 feet (914-4 m.) above the Lower Cambrian and 1,400 feet (426.7 m.) below

the Upper Cambrian, in the upper part of the limestone forming la of the Marjum limestone [Walcott, 1908f, p. 779], in

the, long cliff 2 miles (3.2 hm.) southeast of Marjum Pass, House Range [Walcott, 190Sf, Pis. XIII and XV], Millard

County, Utah.

Acrotreta microscopica (Shumard).
^-^

Plate LX\ai, figures 1, la-h, lo, 2, 2a-d.

Discina microscopica Shumard, 1861, Am. Jour. Sci., 2d ser., vol. 32, p. 221. (Described as a new species.)

The external outline, form, and convexity of the two valves are so fully illustrated by the

figures that I will only call attention to the variation in the outline of the elevation of the

ventral valve. In Plate LXVTI, figure Id", the false area slopes backward instead of forward

as in other specimens. The lines of growth show that the growth of the anterior portion of the

shell was much more rapid than on the posterior face, thus causing the apex to tip back toward

the area, a feature not observed in the other specimens illustrated. The concentric surface

striae are sharp, but very fine. The only ulterior of a ventral valve found is represented by
figures lo, lo', and lo".

The typical forms from Texas are represented by Plate LXVII, figures 1, la-h, and lo, and
what appears to be an identical form from Nevada bj^ figures 2, 2a-d. The latter form shows
about the same range of variation in outline and position of the apex of the ventral valve as the

typical forms from Texas. This species belongs to the group of forms with a wide false area.

It differs from A. idahoensis Walcott and A. curvata Walcott in the form of the ventral valve.
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Acrotreta microscopica has remained without iUustration for many years. I made a large

collection in Burnet County, Texas, in 1884, which was increased by Cooper Curtice in 1890.

We found the little shell in great numbers associated with characteristic Upper Cambrian
fossils. Ill the Eureka district, Nevada, there is a small species of Acrotreta, which, so far as

can be determined from the material available for study, is identical with the A. microscopica as it

occurs in the Upper Cambrian limestones of Texas. It has essentially the same range of varia-

tion in the form of the ventral valve, and the dorsal valves also appear to be identical. (Com-

pare figs. 1 and 2a (the lattsr has been broadened by pressure); figs. Id' and 2'; and the side

outlines la and 2c; and lb" and 2b.) The ventral valves have the same outline and convexity.

The outlines of the convexity of figures le-g should be more nearly as in figures Ih and 2d and
not concavo-convex as shown on the plate.

Formation and locality.—Upper Cambrian: (67) Sandstone on Tatur Hill, 7 miles (11.2 km.) northwest of

Burnet, Burnet County; and (70e) limestone near Morgans Creel;, Burnet County; (69) limestone near Honey Creek,

Burnet County; (71) limestone in Cold Creek Canyon, Burnet County; (68 and 68e) limestone in Packsaddle Mountain,

Llano County; (14b) limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles

(3.2 km.) south of the San Saba County line, in Llano County; (14g) limestone 1 mile (1.6 km.) west of Cherokee, San

Saba County; and (14e) limestone in Bartlett Hollow, 2 miles (3.2 km.) southeast of the mouth of Falls Creek, Burnet

quadrangle (U. S. Geol. Survey), Lampasas County; all in Texas.

(12p) About 225 feet (69 m.) above the igneous rocks, in the limestones of the Reagan sandstone, at the northwest

extremity of the Arbuckle Mountains, about 4 miles (6.4 km.) east of Homer, Carter County; (12n) limestones of the

Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is about 240 feet (73 m.) above the

porphyry contact and 40 feet (12 m.) below the Arbuckle limestone), NW. { sec. 1, T. 2 S., R. 1 E., Ardmore quad-

rangle, Carter County; (12k) limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer

this horizon is about 225 feet (69 m.) above the porphyry contact and 55 feet (17 m.) below the Arbuckle limestone),

on the west side of Honey Creek, near the southeast corner of sec. 35, T. 1 S., R. 1 E., Ardmore quadrangle (L^. S.

Geol. Survey), Carter County; and (9r and 9t) about 45 feet (14 m.) and 170 feet (52 m.), respectively, above the por-

phyry contact in the limestones of the Reagan sandstone, SB. J NE. J sec. 2, T. 4 N., R. 13 W., 15 miles (24.2 km.)

northwest of Fort Sill, Comanche County; all in Oklahoma.

TTpper? Cambrian: (8o) Limestone on the slope of the ridge where the range swings around to the northwest, 2

miles (3.2 km.) north of Aurum, Schell Creek Range, White Pine County, Nevada.

Middle Cambrian: (58) Shaly limestones in upper beds of Secret Canyon shale, east side of New York and

Secret canyons. Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

[/' Acrotreta microscopica missouriensis Walcott.

Plate LXVII, figures 4, 4a-b.

Acrotreta microscopica missouriensis Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 590. (Described as below as a

new variety.)

The shell is uniform^ larger and the vertical median line of the false area more depressed,

incurved, and distinct than those of Acrotreta microscopica (Shumard) and the variety teton-

ensis Walcott. Some of the specimens of the ventral valves beautifully illustrate the effects

of compression. One shell (PI. LXVII, figs. 4' and 4") is hke that of Acrotreta attenuata Meek
and the other (PL LXVII, figs. 4a and 4a') resembles the low form of A. ophirensis Walcott with

the apex overhanging the false area. The surface of the shells embedded in the fine-grained

sandstone has a pai^illose surface resulting from the indenting of the shell by the grains of sand,

whereas those from limestone are marked only by fine concentric striae.

PoEMATiON AND LOCALITY.—Middle Cambrian: (Ilk) Sandstones of the "Edgewise beds," beneath the Mvinsforma-

tion, St. Francois County; and (lie) thin-bedded limestones south-southwest of Potosi, Washington county; both in

Missouri.

Acrotreta microscopica tetonensis Walcott.

\y 'Plate LXVII, figures 3, 3a-d.

Acrotreta microscopica tetonensis Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 590. (Characterized as below as

a new variety.)

This neat little shell possesses the characters of Acrotreta microscopica (Shumard) and

A. idahoensis Walcott^ but differs from both by the projection of the apex of the ventral valve
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over the false area. All that is known of it is represented by the illustrations (PI. LXVII,
figs. 3, 3a-d).

The varietal name is derived from the Teton Mountains, Wyoming.

Formation and locality.—Middle Cambrian: (4e) Limestones about 950 feet (289.6 m.) above the uncon-

formable base of the Cambrian in the divide at the head of Jackson Creek (locally known as Sheep Creek), a creek

flowing into Jackson Lake about 0.5 mile (0.8 km.) south of its northwestern corner, Teton Mountains, Grand Teton

quadrangle (U. S. Geol. Survey), Uinta County, Wyoming.

AcEOTEETA? MINIMA (Barraude).

Plate LXXVII, figures 7, 7a.

Obolus? TninimuB Bakrande, 1879, SystSme silurien du centre de la Bohgme, vol. 5, pt. 1, PL XCV, figs, ii: 1-5.

(Not described, but figured as a new species. Figs. 3A and lA are reproduced in this monograph, PI. LXXVII,
figs. 7 and 7a, respectively.)

This minute shell may possibly belong with Acroihele, but with the data furnished by
the illustrations of Barrande [1879b, PI. XCV, figs. ii:l-5] a provisional reference is made
to Acrotreta. It certainly is not an Oiolus. The figures illustrate all the characters known.

Formation and locality.—Lower Ordovician: (303d [Barrande, 1879b, PI. XCV]) Etage dl, Swarow, Bohemia,

Austria-Hungary

.

AcEOTEETA MISEEA (Billings).

'^ Plate LXXII, figures 2, 2a-l.

Obolellaf miser Billings, 1872, Canadian Naturalist, 2d ser., vol. 6, No. 4, pp. 470-471. (Described and discussed.)

Oholella f miser Billings, 1874, Geol. Survey Canada, Paleozoic Fossils, vol. 2, pt. 1, p. 69. (Copy of preceding refer-

ence.)

Idnnarssonia misera (Billings), Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4,

pp. 35-36, PI. V, figs. 12, 12a-e. (Described and discussed.)

Linnarssonia misera (Billings), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 108-109,

PL III, figs. 35-37. (Mentioned. Figs. 35 and 36 are drawn from the specimens figured by Matthew, 1886,

PL V, figs. 12c and 12, respectively.)

Acrotreta miser (Billings), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 590-591. (Described essentially as

below.)

The abundant material representing this species that I collected in Newfoundland gives

illustrations that present its characters with such fullness and detail that minute description

is unnecessary. Plate LXXII, figures 2, 2a-e of the ventral valve, show variation in outline,

also of the cast of the apical callosity, cardinal scars, and base of main vascular sinuses. Figures

2h-l illustrate the interior of the dorsal valve.

The outer surface is marked by fine concentric striae and growth lines, and the inner

layers or lamellse by very fine radiating strise. The minute pedicle aperture is on the back
side of the apex, opening almost posteriorly in some examples.

This is a small species, averaging from 1.5 to 2.5 mm. in length.

Formation and locality.—Middle Cambrian: (1 and 2) Shales of zones A and B, respectively, of No. 7 of the

Manuels Brook section [Walcott, 1891b, p. 261], Manuels Brook, Conception Bay; (314 [Billings, 1872b, p. 470])

Paradoxides zone on Chappie Arm, Trinity Bay; (314h) shale on Manuels Brook, Conception Bay; (6g) limestone near
the base of the Middle Cambrian, northwest side of Chappie Arm Harbor, about 1 mile (1.6 km.) from its head. Trinity

Bay; (6h) limestone in the southwest cove of Chappie Arm, Trinity Bay; and (6r) limestone on the west side of

Manuels Brook, Conception Bay; all in Newfoundland.

'(2s and 2t) Shales and interbedded limestones in the upper part of the Paradoxides zone, Hastings Cove [Matthew,

1898b, p. 38], on Kennebecasis Bay, 0.5 mile (0.8 km.) northeast of Torryburn, on the Intercolonial Railway, north-

east of St. John; and (3011 [Matthew, 1886, p. 36]) shale of Division Id of Matthew, on Porters Brook, St. Martins;

both in St. John County, New Brunswick, Canada.

ACEOTRETA NEBOENSIS Walcott.

Plate LXXVII, figures 9, 9a-b.

Acrotreta neboensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 300-301. (Described as below as a new species.)

Ventral valve moderately elevated, the apex projecting slightly over the nearly vertical false

area. The latter is marked midway by a very narrow false pedicle furrow. The transverse
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dorsal valve has a strong median depression which starts on the umbo and widens out rapidly

toward the front.

The surface of the shell is marked by concentric ridges and lines of growth and very fine

concentric striae.

Observations.—This is one of the Acrotreta idahoensis forms of the genus. It differs from

other described forms in the strong median depression of the dorsal valve.

The specific name is derived from Mount Nebo Canyon, the type locality.

Formation and locality.—Middle Cambrian: (14t) Limestone lying on slope between the Cambrian quartzite

and the massive blue limestone 100 feet (30.5 m.) above, in Mount Nebo Canyon, 3 miles (4.8 km.) southeast of Mona,

Juab County, Utah.
AcROTKETA NiCHOLSONi Davidson.

Plate LXXIII, figures-lrla-'*:, 6, 6a-b.'

Acrotretaf nicholsoni Davidson, 1868, Geol. Mag., vol. 5, pp. 313-314, PL XVT, figs. 14-16. (Described and discussed

as a new species; see below for copy of description. Figs. 14, 15, and 16 are reproduced in this monograph,

PI. LXXIII, figs. 1, Ic, and Id, respectively.)

Acrotreta ? nicholsoni Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, pp. 343-344, PI. XLIX, figs. 36-40.

(Described and discussed. Figs. 36, 37, and 40 are copied from figs. 15, 14, and 16, respectively, of the preceding

reference. Figs. 38 and 39 are reproduced in this monograph, PI. LXXIII, figs, la and lb, respectively.)

Acrotreta nicholsoni Davidson, Swanston, 1877, Proc. Belfast Natm-alists' Field Club, Appendix 4 for 1876-77, PI. VII,

figs. 21a-c. (Not described. Figs. 21b and 21c are copied from Davidson, 1868, PI. XVI, figs. 14a and 14b.)

Acrotreta nicholsoni Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 213, PI. XVI, figs. 21-23. (New

localities mentioned and new figm-es given. Figs. 21a, 21c, 21b, 22a, 22b, 21d, and 22c are reproduced in this

monograph, PL LXXIII, figs, le-lk, respectively.)

Acrotreta nicholsoni Davidson, Swanston, 1886, Systematic Lists, Flora, Fauna, Paleontology, and Archaeology, North

of Ireland, vol. 1, PL VII, figs. 21a-c. (Reprint of Swanston, 1877, PL VII, figs. 21a-c.)

Acrotreta nicholsoni Davidson, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 103, fig. 59.

(Mentioned in the text and fig. 59 copied from Davidson, 1868, PL XVI, fig. 16a.)

The original description by Davidson follows

:

Shell small, about 2 lines in length by about the same in breadth, almost circular; rather wider and broadly rounded

anteriorly; nearly straight posteriorly; dorsal valve very slightly convex; ventral valve conical; apex subcentral

and truncated by a minute circular foramen, situated at a little more than one-third of the length of the valve. Prom

the center of the posterior margin a narrow groove or channel extends to the base of the foramen, while on either side

a small, flattened triangular space or false area (?) is limited by an indented line. Sm-face of both valves marked

with numerous concentric lines of growth.

Subsequently Davidson obtained some less-compressed specimens and reillustrated [1883,

PI. XVI, figs. 21-23] the species. In order to bring before the student all available information

I have reproduced most of Davidson's figures.

Olservations.—A. nicholsoni is one of the largest species of the genus and one of the latest

in point of time. Davidson [1883, PI. XVI, figs. 21-23] illustrates specimens 5 to 6 mm. in

length, and it ranges up into the Llandeilo.

The strongly marked false area and the high ventral valve serve to distinguish this species.

The specific name was given in honor of Nicholson.

Formation and locality.—Lower Ordovician: (316 [Daiidso7i, 1871, p. 34S]) Upper Llandeilo (?) blacl shales, at

Dobbs Linn, near Moffat, Dumfriesshire; and (316a [Davidson, 1883, p. 213]) Llandeilo at Craighead, Ardmillan Brae,

and Balcletchie, all in the Girvan district of Ayrshire; both in Scotland.

(317 [Davidson, 1883, p. 213]) Coalpit Bay, County Down, Ireland.

Tipper Cambrian: (304h) Shineton shales at Mary Dingle, South Shi'opshii-e; and (304a [Groom, 1902, p. 110])

"BronsU" shales, Malvern Hills; both in England.

Acrotreta nox Walcott.

^ Plate LXXVII, figure 10.

Acrotreta nox Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 301. (Characterized as below as a new species.)

This minute shell, 1 mm. in length, is characterized by its low ventral valve, nipple-like

apex, and apparently smooth surface.

Formation and locality.—Upper Cambrian : (lOv) Shales in " St. Croix sandstone, '
' at Fox Glen, 8 miles (12.8 km.)

east of Baraboo, Sauk County, Wisconsin.
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AcROTRETA CELANDiCA Westergard.

Acrotreta oelandica WestergIed, 1909, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck ur K. Fysiografiska

Sallskapets Handl., N. F., Bd. 20), p. 76, PI. V, figs. 24a-b. (Described in Swedish as a new species; see below

for translation.)

The original description hj Westergard follows:

Apex situated near the posterior boi-der. Along the latter there is a faintly defined triangular area which occupies

one-fom-th of the periphery of the shell. The shell is about half as high as broad. Surface smooth, with fine distinct

growth lines, which, although more faintly, are also to be seen on the area. The slope from the apex to the anterior

border is slightly concave, though this is likely a secondary phenomenon due to pressure. The apex itself has not

been preserved.

Formation and locality.—^Tipper Cambrian: (310r) Zone v of the Ceratopyge slate at Ottenby, Oeland Island; and

(310s) uppermost part of the alum slate in beds equivalent to the Ceratopyge slate, northern part of Oeland Island;

both [Westergard, 1909, p. 76] in Sweden.

Acrotreta ophirensis Walcott.

Plate LXXIV, figiures 1, la-p.

Acrotreta ophirensis Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 591-592. (Described as below as a new species.)

General outline transversely broad oval, sometimes nearly circular, with the posterior

margin slightly indented midway on the ventral valve by incurving to the false pedicle furrow.

The ventral valve is convex and moderately elevated, the highest point being in front of the

pedicle aperture at about one-third the diameter of the shell. Pedicle aperture large for the

size of the shell and opening either directly or obliquely backward; one specimen shows an

obscure, short, narrow, triangular false area, with a vertical furrow crossing it (PL LXXIV,
fig. la"); false area scarcely defined by the cardinal slopes, which incurve very gently ; median
furrow well defined, rather strong, and nearly flat on the bottom, the margins being sharply

outlined in many specimens. Some of the shells curve over the false area so that the depressed

apex extends slightly beyond the posterior margin, but generally it is directly on the line of,

or a little in front of, the posterior margin.

Longitudinal diameter of average size ventral valve 3 mm., with a length of 2 to 2.5 mm.;
elevation, 1.5 mm. A few shells have nearly the same length and width. The convexity of

the dorsal valve averages 0.75 mm. The minute beak of the dorsal valve curves down to the

posterior margin from the somewhat swollen posterior third of the valve.

Surface marked by fine concentric stride and lines, of growth, some of which form con-

centric ridges. The shell is built up of a thin outer layer and numerous thin inner layers or

lamellae that are oblique to the outer layer over the central and outer portions, the obhquity

increasing toward the outer anterior and lateral margins.

The interior of the ventral valve shows a rather strong apical callosity that extended

nearly to the posterior inner margin of the shell; distinct, but relative^ small cardinal scars,

and narrow main vascular sinuses that maj' be traced nearly to the anterolateral margins of

the valve. The outlines of the visceral cavity are indicated on one well-preserved cast of the

interior of the valve (PI. LXXIV, fig. le). The interior of the dorsal valve shows great vai'ia-

tion in the size and length of the median ridge and cardinal and central scars; these characters

are fully shown in the numerous illustrations of the interior and casts of the interior of the

dorsal valve.

Observations.—This species is most closely related to Acrotreta curvata Walcott. It diff'ers

in the ventral valve being larger, in the apex being less extended over the false area, and the

form of the median furrow, which is like that of A. attenuata Meek. Although the shells occur

in a compact unaltered limestone, there is more or less distortion in the outline of both valves;

this, taken in connection with the variation in form and size of the vascular markings, muscle

scars, and median ridge of the dorsal valve, might serve to discriminate several so-called varie-

ties, but I have given names to only two of the more pronounced varieties.
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Similar forms occur in a compact, dark, bluish-gray limestone more than 200 miles to

the north in the Wasatch Mountains, east of Cache Valley, on the line of the Ute Peak section

of the Fortieth Parallel Survey.

The specific name is derived from Ophir, the type locality.

Formation and locality.—Middle Cambrian: (3e) Limestone less than 400 feet (121.9 m.) above the qvmtzitic

sandstones of the Cambrian, at Ophir, Oquirrh Range, Tooele County, Utah.

(30n) About 3,750 feet (1,143 m.) above the Lower Cambrian and 650 feet (198 m.) below the Upper Cambrian,

in the shaly limestones forming Ic of the Weeks limestone [Walcott, 1908f, p. 175], on the north side of Weeks Canyon,

about 4 miles (6.4 km.) south of Marjum Pass; (30g) about 2,350 feet (716.3 m.) above the Lower Cambrian and 2,050

feet (624.8 m.) below the Upper Cambrian in the limestone forming Ic of the Marjum limestone; and (3x and 3y) about

2,200 feet (670.6 m.) above the Lower Cambrian and 2,200 feet (670.6 m.) below the Upper Cambrian in the shaly lime-

stones forming Id of the Marjum limestone [Walcott, 1908f, p. 180],' in the ridge east of Wheeler Amphitheater; all

in the House Range [Walcott, 1908f, PI. XIII], Millard County, Utah.

(31z and 55t) About 350 feet (106.7 m.) above the Brigham quartzite in limestone of the Ute limestone [Walcott,

1908f, p. 7], on west side of road, 0.5 mile (0.8 km.) above the forks. Paradise Dry Canyon (locally known as East

Fork), east of Paradise, Cache County, Utah.

ACROTRETA cf. OPIIIEENSIS Walcott.

Numerous compressed specimens of shells about the size of Acrotreta opTiirensis Walcott

occur in strata of Middle Cambrian age at various localities in Utah. They resemble the latter

species in size, occasional strong lines of growth, position of the apex of the ventral valve, and

strong cardinal muscle scars in the dorsal valve; they differ in being much less convex, and in

having only a trace of shell substance; the removal of the shell by solution and the compression

in the shale accounts very largely for the differences. The stratigraphic position of the two

forms is about the same and they both lived in the eastern portion of the Cordilleran Middle

Cambrian Sea.

Formation and locality.—Middle Cambrian: (32j) 625 feet (190.5 m.) above the top of the Cambrian quartzitic

sandstone in pinkish-colored very fine grained arenaceous shale, 2 miles (3.2 km.) southeast of Muskrat Spring, on

the northwest face of Grantsville Peak, Stansbury Range, Tooele County, Utah.

(31v) 650 feet (198.1 m.) above the Lower Cambrian and 3,750 feet (1,143 m.) below the Upper Cambrian, in shales

at the top of the limestone forming la of the Howell formation [Walcott, 1908f, p. 182], northeast side of Dome Canyon,

about 4 miles (6.4 m.) west-southwest of Antelope Springs; (lly and 30g) about 2,350 feet (716.3 m.) above the Lower

Cambrian and 2,050 feet (624.8 m.) below the Upper Cambrian in Ic of the Marjum limestone [Walcott, 1908f, p. 180],

ridge east of Wheeler Amphitheater; and (31s) 490 feet (149.4 m.) above the Lower Cambrian and 3,925 feet (1,196.3 m.)

below the Upper Cambrian, in the pinkish argillaceous shale forming Id of the Howell formation [Walcott, 1908f, p.

182], south side of Dome Canyon about 1 mile (1.6 km.) below the divide, and 3 miles (4.8 km.) west-southwest of

Antelope Springs; all in the House Range [Walcott, 1908f, Pis. XIII and XVI], MUlard County, Utah.

(31c) About 900 feet (274.3 m.) above the Brigham quartzite and 3,300 feet (1,005.8 m.) below the Upper Cam-
brian, in the limestone forming lb of the Ute limestone [Walcott, 1908f, p. 196], in Blacksmith Fork Canyon, about 10

miles (16.1 km.) east of Hyrum, Cache County; (32c) about 60 feet (18.3 m.) above the Brigham quartzite [Walcott,

1908a, p. 8], in green shale, 1 mile (1.6 km.) northwest of Geneva (Copenhagen), east of Brigham, Boxelder County;

and (30u) about 250 feet (76.2 m.) above the Cambrian quartzitic sandstones in sandy shales, 4 miles (6.4 km.) northwest

of Promontory Point (on the "Lucin cut-off" of the Union Pacific Railway), about halfway up west end of ridge,

north of Great Salt Lake, Boxelder County; all in Utah.

Acrotreta ophirensis descendens Walcott.

Plate LXXVIII, figures 1, la-c.

Acrotreta ophirensis descendens Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 95, PI. IX, figs. 1 and la.

(Discussed as below as a new variety. Figs. 1 and la are copied in this monograph, PL LXXVIII, figs. 1 and Ic,

respectively.)

In the Cambrian section of the House Range, Utah, the typical forms of Acrotreta opTiir-

ensis occur in the Marjum limestone; 1,570 feet higher in the section, in the Weeks limestone,

there are great numbers of a shell identical in many respects. This latter shell differs from the

typical form in being less convex in both the ventral and dorsal valves, and in having a more
pointed, less curved apex on the ventral valve.
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This form owes its varietal name to the fact that it occurs higher in the section than the

species, and is probably descendant from it.

Formation and locality.—Middle Cambrian: (30n) About 3,750 feet (1,143 m.) above the Lower Cambrian and
650 feet (198 m.) below the Upper Cambrian in shaly limestones forming Ic of the Weeks limestone [Walcott, 1908f,

p. 175], on the north side of Weeks Canyon, about 4 miles (6.4 km.) south of Marjum Pass, House Range [Walcott, 1908t,

PI. XIII], Millard County, Utah.

ACEOTEETA OPHIEENSIS EUGOSA Walcott.

Plate LXXIV, figures 2, 2a-e.

Acrotreta ophirensis rugosus Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 592. (Characterized as below as a new
variety.)

This form is associated with Acrotreta ophirensis Walcott in considerable numbers. It is

characterized by strong, rugose growth lines and thicker shell.

Formation and locality.—Middle Cambrian : (3e) Thin-bedded limestone, less than 400 feet (121.9 m.) above
the quartzitic sandstones of the Cambrian, at Ophn, Oquirrh Range, Tooele County, Utah.

LX
AcEOTEETA OVALIS Walcott.

Plate LXVI, figures 2, 2a-b.

Acrotreta ovalis Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 592. (Characterized as below as a new species.)

In material received from the Geological Survey of Canada in answer to a request for the

specimens representing Acrotreta gemma Billings, there was one ventral valve embedded in a

smooth, dove-colored limestone from Point Levis. This specimen differs materially from A.

gemma in the oval outline of the rim of the shell, less elevated apex, and less well-defined false

area. It is more of the type of A. schmalenseei Walcott, and of A. Tnicroscopica (Shumard) of

the interior continental species than any of the Atlantic Province forms.

Formation and locality.—Lower Ordovician: (319 [Geol. Sui-vey, Canada]) Limestone No. 1 of Billings's Point

Xevis Section, Point Levis, Province of Quebec, Canada.

AcEOTEETA PACIFICA Walcott.

^ Plate LXIX, figures 6, 6a-e.

Acrotreta pacifica Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 301. (Described below as a new species.)

Ventral valve a high cone, with the apex a little in advance of the posterior margin; base

•circular, with the exception of a slight flattening on the posterior side; apex acute and pointing

upward; false area only a slight flattening of the shell from the apex to the margin. The
largest ventral valve has a diameter and height of about 1.5 mm. Surface marked by fine

concentric striae that continue without noticeable deflection across the false area.

Observations.—Only two specimens of the ventral valve of this species occur in the collec-

tion. One of these has a slightly transverse, broadly oval base, and a more definite false area.

The species is closely related to Acrotreta idahoensis alta Walcott except that the ventral valve

is not quite as elevated.

Formation and locality.—Middle Cambrian: (CI and C2) Lower shale member of the Kiulung group [Black-

-welde'r, 1907a, pp. 87 and 40 (part of the 3d list of fossils) and fig. 10 (beds 4 and 5), p. 38], 2 miles (3.2 km.) south of

Yenchuang; (C12) gray limestone near the top of the middle limestone member of the Kiulung group [Blackwelder,

1907a, pp. 37 and 41 (part of the first list of fossils) and fig. 10 (bed 7), p. 38], 3.25 miles (5.2 km.) southwest of Yen-

chuang; (C5) lower limestone member of the Kiulung group [Blackivelder , 1907a, pp. 37 and 39 (first list of fossils), and

Jig. 8a (bed 30), p. S9], 3.2 miles (5.1 km.) southwest of Yenchuang; and (C4) limestone nodules at the base of the lower

shale member of the Kiulung group [Blaclcwelder, 1907a, pp. 37 and 40 (2d list of fossils), and fig. 10 (bed 4), p. 38],

3 miles (4.8 km.) southwest of Yenchuang; all in the Sintai district. Shantung, China.

AcEOTEETA PAEVULA (Wallerius).

^'
Plate LXXVII, figures 4, 4a.

Obolella parvula Wallerius, 1895, Undersokningar ofver Zonen med Agnostus Ixvigatus i Vestergotland, pp. 65-66,

figs. 9a-d. (Described in Latin, and discussed in Swedish.)

.A.crotreta parvula (Wallerius), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 592. (Described as on p. 700.)
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Shell minute, subcircular. Ventral valve relatively depressed, the highest point being at

the umbo, from which there is a slight downward curvature to the apex. False area low and

about vertical, the apex being on a line with the posterior margin. Dorsal valve slightly convex;

beak marginal. Surface marked by fine concentric striae.

Observations.—This minute species occurs with Agnostus Isevigatus in the upper portion of

the Middle Cambrian. It is of the Acrotreta sagittalis (Salter) type, but does not appear to be

identical with the young of that species.

Formation and locality.—Middle-Upper Cambrian: (310i) Passage beds between the Middle Cambrian Para-

doxides forchhammen zone and the Upper Cambrian Olenus truncatus zone, limestone at Borgholm, Oeland Island,

Sweden.
Middle Cambrian: (320) Gudhem, 12.5 miles (20.1 km.) south-southeast of Skara; and (320a) Djupadal, 19 miles

{S0.6 km.) south-southeast of Skara; both [Wallerius, 1895, p. 66] in the Province of Skaraborg, Sweden.

' Acrotreta prim^va Walcott.

Plate LXIX, figures 1, la-f.

Acrotreta gemma Walcott (in part) [not Billings], 1886, Bull. U. S. Geol. Survey No. 30, pp. 98-99, PI. VIII, figs.

1, la-b. (Specimens now referred to Acrotreta pyxidicula and A. attenuata were included with the specimens

representing J., primseva when this description of A. gemma was written, but they were not figured. The two

specimens represented by figs, lb and 1, la are redrawn in this monograph, PL LXIX, figs. Ic and 1, respectively.)

Acrotreta gemma Walcott (in part) [not Billings], 1891, Tenth Ann, Kept. U. S. Geol. Survey, p. 608, PL LXVII,

figs. 5c, 5d, and 5e (not figs. 5, 5a-b, see below). (Figs. 5c, 5d, and 5e are copied from figs, la, 1, and lb, respec-

tively, of preceding reference. Specimens now referred to Acrotreta attenuata, A. idahoensis alta, and A. curvata

were included with the specimens representing A. primseva in this reference to A. gemma, but only the last two

were figured: A. idahoensis alta, PL LXVII, figs. 5 and 5a, and A. curvata, PL LXVII, fig. 5b.)

Acrotreta gemma Walcott (in part) [not Billings], 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 449, PL LXII,

figs. 2, 2b, and 2d (not figs. 2a, 2c, and 2e, see below). (Figs. 2, 2b, and 2d are copied from Walcott, 1886b, PL

VIII, figs. 1, la, and lb, respectively. Specimens now referred to Acrotreta pyxidicula, A. attenuata, A. idahoensis

alta, and A. curvata were included with the specimens representing A. primseva when this description of A.

gemma was written, but only the last two were figured; A. idahoensis alta, PL LXII, figs. 2a and 2c, and A.

curvata, PL LXII, fig. 2e.)

Acrotreta primaxa Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 593. (Described essentially as below as a new

species.)

Acrotreta gemma Walcott, Grabau and Shimer [not Billings], 1907, North American Index Fossils, voL 1, p. 199,

figs. 234a-c. (Described, and figures copied from Walcott [1886b, PL VIII] figs, la, 1, and lb, respectively.)

Outline of valves transversely oval to subcircular. Ventral valve subcorneal, with the

apex at the summit of the false area near or just above the posterior margin. The elevation

varies from one-half to two-thirds the diameter of the shell. The false area is quite clearly

defined in most specimens; it varies in width at the posterior margin from one-third to nearly

one-half of the diameter of the shell; the path of advance of the pseudodeltidium is marked

usually by a narrow incised Ime similar to that of Acrotreta attenuata Meek. Foraminal aper-

ture minute and situated at the apex of the cone. Dorsal valve slightly convex, with a minute

beak slightly incurved over the posterior margin. A broad, slightly defined median sinus

flattens the front and central portion of the valve, but it is not perceptible toward the \imbo

and beak. Surface of the shell marked hj fine concentric strias and occasional ridges of growth

;

on some shells there is a very fine, almost microscopic, irregular, concentric striation that gives a

fretted surface somewhat similar to that of Oholus (Westonia) ella (Hall and Whitfield). The

inner lamellae of the shell and the interior surface have traces of fine radiating striae that, with

the irregular concentric stria?, give a broken, subimbricated, fretted effect to the surface. The

shell is formed of a thin outer layer and several thin inner layers or lamellae, the outer ones

of which are slightly oblique to the outer surface layer. The largest shells have a transverse

diameter of 5.5 mm., longitudinal diameter 5 mm., height of ventral valve 3 mm.; dorsal valve

1 mm. The interior of a slightly crushed ventral valve, figure le, shows the cast of an apical

callosity, strong vascular canals, and faint outlines of the visceral cavity. The cast of an

interior of a dorsal valve has a long, well-defined median ridge, cardinal scars, and faintly

defined central scars, as illustrated by figures Id and If. Interiors of the ventral valve from near
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Cherry Creek show two relatively small cardinal scars near the posterior margin, and a small

subtriangular apical callosity.

Observations.—This, the oldest species of the genus known to me, has all the essential

characters of the type species as far as the available information permits of comparison. It

is one of the largest shells of the genus, and is a striking feature of the fauna of the higher

portion of the Olenellus zone of central Nevada. The most nearly related species appears to

be A. attenuata Meek (PL LXIV, fig. 1).

Formation and locality.—Middle Cambrian: (7j) Limestones at the north end of the Quinn .Canyon Range,

1 mile (1.6 km.) northwest of the Italian Ranch foothills, Nye County, Nevada.

Lower Cambrian: (41) Limestone in the Pioche formation fW'alcott, 1908a, p. 11] on a ridge 2.5 miles (4 km.)

northwest of the town of Cherry Creek, White Pine County; and (31a) limestone and interhedded siliceous shales of the

Pioche formation [Walcott, 190Sa, p. 11], just above the quartzite on the east side of the anticline, near Pioche, Lincoln

County; both in Nevada.

ACROTRETA PYXIDICULA White.

Plate LXIX, figures 2, 2a-f , 3, 3a-f

.

Acrotreta pyxidicula White, 1874, U. S. Geog. Surveys W. 100th Mer., Prelim. Rept. Invertebrate Fossils, p. 9.

(Described as a new species.)

Acrotreta pyxidicula White, 1877, U. S. Geog. Sm-veys W. 100th Mer., vol. 4, pt. 1, pp. 53-54, PL III, figs. 3a-d.

(Described essentially as in preceding reference. The specimens represented by figs. 3a-b and 3c-d are

redrawn in this monograph, PL LXIX, figs. 2 and 2f, respectively.)

Acrotreta gevima Walcott (in part) [not Billings], 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 17-18, (Specimens

representing Acrotreta attenuata, A. curvata, and A. idahoensis alta were included with the specimens representing

A. ]}yxidicula when this description of A. gemma was written, but only the last two are known to have been

figured: A. curvata, PL I, figs. Id and le, and A. idahoensis alta, PL I, figs, la and lb. The specimens repre-

sented on PL IX, figs. 9 and 9a, can not be positively located at this time, but it is probable that they should

be referred to A. idahoensis alta.)

Acrotreta gemma Walcott (in part) [not Billings], 1886, Bull. U. S. Geol. Survey No. 30, pp. 98-99. (Specimens

now referred to Acrotreta attenuata and A. primseva were included with the specimens representing A. pyxidicula

when this description of A. gemma was written, A. primseva being figm-ed, PL VIII, figs. 1, la-b.)

Acrotreta gemma Walcott (in part) [not Billings], 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 608. (Specimens

now referred to Acrotreta attenuata, A. curvata, A. idahoensis alta, and A. primseva were included with the speci-

mens representing A. pyxidicula in this reference to A. gemma, the last three being figured: A. curvata, PL
LXVII, fig. 5b; A. idahoensis alta, PL LXVII, figs. 5 and 5a; and A. primseva, PL LXVII, figs. 5c, 5d, and 5e.)

Acrotreta gemma Walcott (in part) [not Billings], 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, p. 449. (Specimens

now referred to Acrcireta attenuata, A. curvata, A. idahoensis alta, and A. primseva were included with the speci-

mens representing jI. j;i/a;icKcMfa when this description of A. jrejnmo was written, the last three being figured : A.

curvata, PL LXII, fig. 2e; A. idahoensis alta, PL LXII, figs. 2a and 2c; and A. primseva, PL LXII, figs. 2, 2b,

and 2d.)

This is a small and very pretty species in which the interiors of the two valves are fairly

well shoAvn by casts. A marked feature of the ventral valve is the very strong vascular sinus

(fig. 3f), and of the dorsal valve the thickening of the shell in the posterior portion (fig. 3e).

The surface of the shell is marked by fine concentric stride and occasional lines of growth. It is

one of the small species of the genus, the average size being from 1.5 to 2 mm. Of the known
species it may be compared with A. idahoensis Walcott (PI. LXV) from which it differs in the

slighter elevation of its ventral valve and the incised median line on the false area.

Foemation and locality.—Tipper Cambrian: (313f) Limestone at Schellhourne, Schell Creek Range, White Pine

County, Nevada.

(329d) Limestone near Fish Springs, Fish Spring Range, Juab County, Utah.

Middle Cambrian: (7j) Limestone at the north end of the Quinn Canyon Range, 1 mile (1.6 km.) northwest of the

Italian Ranch foothills, Nye County; and (60) limestone in upper beds of Secret Canyon shale, across the canyon from

the dump of the old Richmond mine shaft, Eureka district [Hague, 1892, Atlas], Em'eka County; all in Nevada.

(30z) About 2,450 feet (746.8 m.) above the Lower Cambrian and 1,950 feet (594.4 m.) below the Upper Cambrian, in

the upper part of the limestone forming Ic of the Marjum limestone [Walcott, 1908f, p. 180], in the long cliff about

2 miles (3.2 km.) southeast of Marjum Pass, House Range [Walcott, 1908f, pis. XIII and XV], Millard County, Utah.

(5b and 54s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic sand-

stones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County; (59f)

limestones immediately underlying the Spence shale member of the Ute limestone [Walcott, 1908a, p. 8], in a saddle



702 CAMBRIAN BRACHIOPODA.

north of the creek which flows into Mill Canyon from the west, about 5 miles (8 km.) west-southwest of Liberty and 15

miles (24.2 km.) west of Montpelier, Bear Lake County; and (322) limestone (stratigraphic position unknown) about

6 miles (9.6 km.) west-southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County; all in Idaho.

(4h) About 375 feet (114.3 m.) above the base of the Cambrian in the limestone interbedded in the Flathead

shales of Peale [1893, p. 21], 1 mile (1.6 km.) north of the junction of Bast Gallatin and West Gallatin (Gallatin) rivers,

4 miles (6.4 km.) east-northeast of Logan, Threeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

ACEOTRETA ETJDIS Walcott.

Plate LXV>figure 3f ; Plate LXXV, figure 1.

Acrotreta kutorgai Walcott (in part), 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 589-590. (Described as a new species,

but the description included specimens belonging to both Acrotreta kutorgai and A. rudis.)

Acrotreta rudis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 95-96, PL IX, fig. 5. (Described and dis-

cussed as below as a new species. Fig. 5 is copied in this monograph, PI. LXV, fig. 3f.)

The specimens illustrating this species are all more or less crushed and flattened on the

surface of the fine argillaceous shale in which they are embedded in large numbers, and they

are often in the condition of casts of the interior of the valves. This is well shown by the

enlargement of a fragment of the shale on which three ventral and three dorsal valves occur

(PI. LXXV, fig. 1).

The ventral valve, as far as can now be determined, was elevated, conical, and with the

apex overhanging the false area, so that when the shells were crushed down the posterior side

disappeared beneath. A few fragmentary specimens show the false area to have been distinctly

defined, of medium height, and marked by a narrow, shallow median furrow extending from

the apex to the margin of the valve. Dorsal valve subcircular, slightly transverse, gently

convex, and with a minute beak at the posterior margin. The pedicle opening appears to

have been of medium size and situated at the apex of the valve.

Surface marked by lines of growth and very fine concentiTc striae that continue across

the false area and furrow.

The cast of the interior of the ventral valve shows a small but well-defined visceral area

in advance of the apex and a short strong main vascular sinus on each side of the area; one

cast shows traces of the sinuses nearly to the front margin. The interior of the dorsal valve is

marked by a strong median septum or ridge that extends from the front of a small cardinal

area forward nearly to the anterior margin in some examples. A large, oval cardinal muscle

scar occurs on each side of the median ridge near the posterior border of the valve; the central

muscle scars are small, elongate oval and situated on the sides of the median ridge at about

the posterior third of the longitudinal axis of the shell; the two anterolateral muscle scars

are on the sides of the median ridge a little in advance of the central scai-s.

This is one of the large species of the genus. A dorsal valve 4 mm. in length has a width

of 4.5 mm. The ventral valves average fi-om 4 to 4.5 mm. from the apex to the front margin.

In size and outline tliis species may be compared with Acrotreta dejjressa (PL LXVI, figs.

8, 8a-c) and A. definita (PI. LXIV, figs. 2, 2a-g). It differs from both in its ventral valve

being more elongate. All the specimens of A. rudis are so flattened in the shale that com-

parison with uncompressed specimens is very difficult.

Formation and locality.—Middle Cambrian: (101a) Rogersville shale, just above the road in the hill west of the

echoolhouse, 3.5 miles {5.6 km.) southwest 'of Rogersville on the road to Melinda Ferry [Keith, 1896a, areal geology sheet];

(102c) first shale south of the Estillville pike, 3.5 miles (5.6 km.) east of Rogersville, Greeneville quadrangle (U. S.

Geol. Survey); and (121) Rogersville shale, road just east of Harlan Knob, 4 miles (6.4 km.) northeast of Rogersville

[Keith, 1905, areal geology sheet]; all in Hawkins County, Tennessee.

AcEOTRETA SABRING (Callaway).

Plate LXXIII, figures 5, 5a-d.

Metoptoma sabrinx Callaway, 1874, Quart. Jour. Geol. Soc. London, vol. 30, pt. 1, p. 196. (Name proposed, not

described.)

Oholella sabrinx Callaway, 1877, idem, vol. 33, pt. 1, p. 669, PI. XXIV, fig. 12, (Described as a new species. The

specimen represented by fig. 12 is redrawn in this monograph, PL LXXIII, fig. 5b.)
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Oholella sabrinx (Callaway), Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 211, PI. XVI, figs. 27, 27a,

27d, 28, and 28a. (Described and discussed.)

Oholella? scabrinse (Callaway), Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, PI. I, fig. Ic. (Not described, and
figure copied from Davidson, 1883, PI. XVI, fig. 27d.)

Obolella sabrinse (Callaway), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 103, fig.

58. (Mentioned in the text and figure copied from Davidson, 1883, PI. XVI, fig. 27d.)

Acrotreta sp. cf. nicholsoni Davidson, Matley, 1902, Quart. Jour. Geol. Soc. London, vol. 58, pt. 1, p. 142, fig. 10.

(Discussed in text as Acrotreta sp., and figured as A. sp. cf. nicholsoni.)

Acrotreta {?) sabrinx (Callaway), Matley, 1902, idem, p. 143. .(Discussed.)

Acrotreta {?) sabrinx malvernensis Matley, 1902, idem, pp. 143-144, figs. 11-14. (Described and discussed as a new
variety.)

Acrotreta sp. cf. A. socialis von Seebach, Matley, 1902, idem, pp. 144-145, figs. 15 and 16. (Characterized and dis-

cussed.)

As in the case of most species of Acrotreta preserved in shales, the ventral valves of this

form are so compressed as to prevent our getting the true elevation. With several fairly well-

preserved specimens to judge from I think the height was about two-thirds of the greatest diam-
eter of the shell. A ' partial cast of the interior shows a small apical callosity and the base

of the cast of a small pedicle tube. The interior of the dorsal valve is almost bisected by a

strong median ridge; the cardinal scars are also prominent.

A fragment of the outer shell shows fine, concentric striae and lines of growth that are

fretted by very fine undulating striae.

Through the courtesy of Dr. Charles Lapworth I have had the opportunity of studying and
illustrating the type specimen of Callaway's ''Oholella sahrinse" (PL LXXIII, fig. 5b). It is

a cast of the dorsal valve preserving little more than the impression of the strong median ridge

and a trace of the area. Dr. Lapworth also sent me several other specimens of this species;

these are illustrated on Plate LXXIII, figures 5, 5a, 5c, and 5d. Davidson [1883, PI. XVI,
fig. 27d] illustrates an interior of a dorsal valve in which the median ridge and the cardinal

and central scars are clearly defined. He also gives [1883, PI. XVI, figs. 27, 27a] the exterior

of a compressed ventral valve and a side view of the two valves united.

Of described species, Acrotreta hisecta Matthew approaches tliis most closelj''. It is quite

probable that with a good series of specimens of each species for comparison the two forms

would be referred to the one species of Callaway.

Matley [1902, p. 143, figs. 11-14] illustrates and describes some crushed specimens from

the lowest black shales of the Malvern Hills, which he tentatively gives the value of a variety

of this species under the name malvernensis. With examples from the typical locahty before

me for comparison with the pi'oposed variety, I am inchned to consider the latter of such

doubtful value as to leave it out of this work.

He also [Matley, 1902, p. 144] mentions an Acrotreta as sp. cf. A. socialis von Seebach

from a higher stratigraphic horizon. Acrotreta socialis as now restricted is confined to the

Middle Cambrian. I do not think that the material as illustrated and described by Matley

clearly indicates a form distinct from Acrotreta sahrinse, if allowance is made for the crushed

condition of most specimens of the latter species. The shell mentioned as Acrotreta sp. cf.

nicholsoni [Matley, 1902, p. 142] may also be a large specimen of this species.

The shells figured by Matley [1902, p. 141, figs. 7 and 8] as Lingulella (?) sp. and [1902,

p. 142, fig. 10] as Lingula (?) sp. I think are either Acrotreta or Acrothyra, probably the latter.

Formation and locality.«—Upper Cambrian : (304h and 3041 [Callaway, 1877, p. 669]) Shineton shale, at Shineton,

Mary Dingle, Dryton, Cressage, 1 mile {1.6 km.) west of Cressage, west of Harley, and under Cound-Moor quarry, all in

South Shropshire, England.

(304p) Shineton shales at the following localities of the Geological Survey of Great Britain: 2495, 2536, 2543,

2545, 2558, and 2580, all of which are on Shineton Brook, South Shropshire, England.

(304j) Lower Stockingford shales, Puxley Park lane, halfway up the path to the quarry, Atherstone, Warwick-

shire; (304a [Groom, 1902, p. 110]) "Bronsil" shales, Malvern Hills; and (304b [Groom, 1902, p. 109]) lower part of

the "White Leaved Oak" shales (the zone of Polyphyma), Malvern Hills; all in England.

a Localities 304h and 304j are tlie only localities represented in the United States National Museum collections. 3041i is the type locality.
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,

ACEOTEETA SAGITTALIS (Salter).

Plate LXXI, figures 2, 2a-h, 3, Sa-j.

Oholella sagittalis Salter, 1866, Rept. British Assoc. Adv. Sci. for 1865, p. 285. (Name proposea.;

Disdna labiosa Salter, 1866, idem, p. 285. (Name proposed.)

Obolella sagittalis Salter, Davidson, 1868, Geol. Mag., vol. 5, pp. 309-310, PI. XV, figs. 17-24. (Described and dis-

cussed.)

Obolella sagittalis Salter, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, pp. 339-340, PL L, figs.

1-14. (Copy of preceding reference. Figs, la, 3a, 4 and 4a, 5 and 5a, 9, 10 and 10a, and 12 and 12a appeared,

Davidson, 1868, PI. XV, as figs. 17a, 21a, 23 and 23a, 19 and 19a, 22a, 20 and 20a, and 24 and 24a, respectively.)

Oholella sagittalis Salter, Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 19-20, PI.

Ill, figs. 36-41. (Described and discussed in English.)

Oholella sagittalis Salter, Linnarsson, 1879, Sveriges Geol. Undersokning, Afhandl. och Uppsatser, Ser. C, No. 35,

pp. 27-28, PL III, figs. 45-49. (Described in Swedish.)

Oholella sagittalis Salter, Brogger, 1882, Die silurischen Etagen 2 und 3, p. 45, PL X, figs. 6-8. (Described and
discussed in German.)

Oholella sagittalis Salter, Davidson, 1883, British Fossil Brachiopoda, vol. 5, pt. 2, p. 211, PL XVI, figs. 25-26. (Gives

new localities and new figures.)

Linnarssonia sagittalis (Salter), Walcott, 1885, Am. Jour. Sci., 3d ser., vol. 29, p. 115, figs. 5 and 8. (Merely refers

the species to Linnarssonia. Figs. 5 and 8 are copied from Davidson, 1868, PL XV, figs. 22a and 23a, respec-

tively.)

Oholella ida ? Dawson, 1888, Canadian Rec. Sci., vol. 3, p. 55. (Possible occurrence discussed.)

Obolella ida f Dawson, 1888, Peter Redpath Museum, Montreal, Canada; Notes on Specimens, April, 1888, p. 55.

Obolella (Linnarssonia) pretiosa Dawson, 1890, Trans. Roy. Soc. Canada for 1889, 1st ser., vol. 7, sec. 4, No. 3, pp.
53-54, figs. 26a-c. (Discussed.)

Linnarssonia cf. pretiosa Dawson, Hall, 1890, idem, p. 55. (Description of the specimens discussed in preceding

reference.)

Linnarssonia sagittalis (Salter), Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, PL LXVIII, figs. 2a-d. (Not

described.)

Linnarssonia pretiosa (Dawson), Hall and Clarke, 1892, Nat. Hist., New York, Paleontology, vol. 8, pt. 1, p. 70,

PI. Ill, figs. 43-44. (Discussed. Figs. 43-44 are copied from Dawson, 1890, figs. 26a-c, p. 53.)

Linnarssonia sagittalis (Salter), Hall and Clarke, 1892, idem, p. 108, figs. 60-61. (Discussed. The figures are copied

from Davidson, 1868, PL XV, figs. 22a and 23a, respectively.)

Linnarssonia pretiosa (Dawson), Schuchert (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 262. (Mere reference,

but includes specimens now referred to both Acrothele pretiosa and Acrotreta sagittalis.)

Linnarssonia sagittalis (Salter), Frech, 1897, additional plates inserted in 1897 in Lethsea geognostica, pt. 1, Lethsea

palseozoica, Atlas, 1876, PL lA, fig. 3a. (No text reference. Fig. 3a is copied from Walcott, 1891a, PL LXVIII,
fig. 2.)

Obolella cf. sagittalis Salter, Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 66. (New localities

mentioned.)

Obolella (Acrotreta ?) sagittalis (Salter), Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B,

No. 2 (Aftryck ur K. Fysiografiska Sallskapets Handl., N. F., Bd. 17), p. 64, PL I, figs. 25 and 26. (Charac-

terized in Swedish.)

fLinnarssonia pretiosa Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 200. (Described, but

not figured, and it is impossible to tell whether the authors are discussing the L. pretiosa that is now referred

to Acrotreta sagittalis, or the true Acrothele pretiosa.)

Although I have examined a large collection of tliis species, both from Wales and Sweden,

good exteriors of the valves have not been observed. The apex of the ventral valve almost

invariably remains in the matrix, or the shell has been removed by solution. The convexity

of the two valves is approximately the same (figs. 3c and 3d, PI. LXXI) except that the ventral

valve is more elevated near the apex. The apex is situated a little in front of the posterior

margin at the edge of the slightly defined false area which slopes forward at an angle of 70°

to 80°. The surface of the shell is marked by rather strong concentric striae and often

strong ridges of growth and very fine radiating striae on the interior layers. The shell is built

up of thin layers or lamellEe of a calcareocorneous nature. The average diameter of specimens

from St. Davids, Wales, is 2.5 mm. The representatives of the species from Andrarum, Sweden,

are usually smaller than the St. Davids shells but otherwise appear to be identical.

The interior of the ventral valve is shown by numerous casts. The apical callosity and

the cardinal scars are usually large. The visceral cavity is sometimes outlined in front of the

callosity and between the clearly marked main vascular sinuses. Casts of the interior of the
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dorsal valve show a remarkable range of variation in the length and size of the median ridge

(PI. LXXI, figs. 3e, 3g-j). Within the extremes of variation specific characters coukl be

established.

This species has had a varied experience at the hands of paleontologists. Da\'idson [1871,

PL L, figs. 1-14] elaborately illustrated the casts of the interiors of the valves, and I [1885,

p. 116] copied some of his figures when preparing the description of the genus Linnarssonia.

When in Wales in 1888, 1 collected a quantity of material at St. Da'snids, and recently Schmalensee

collected a good series at Andrarum for the United States National Museum. From these col-

lections figures have been drawn that illustrate the appearance of the shells as they occur both

in shale and limestone.

The varieties taconica and transversa are strongly marked, but I think are not entitled to

full specific valuation. A direct comparison of specimens from the black shales of Little Metis

with those from the black shales of the type locality of A. sagittalis at St. Davids fails to disclose

any specific differences between them, so far as the material at hand permits of comparison.

The Little Metis shell was published as Linnarssonia cf. pretiosa by Hall [1890, p. 55], and this

identification was accepted by Sir William Dawson [1890, p. 53]. "OioleUa pretiosa" Billings

[1862d, p. 68] is a true Acroihele, and no species of Acrotreta is known to occur at the type

locality on the Chaudiere River. The stratigraphic horizon of the Little Metis beds has not

been definitely determined. Dawson [1890, p. 32] says: "At Metis the evidence of the pebbles

in the conglomerates indicates that they are newer than the Lower Cambrian, and the few

fossils found in the sandstones and shales would tend to place them at or on the horizon of

Che Chazy." I personally examined the section at Little Metis in 1899, and am not at all

certain of the horizon of the shales carrying Acrotreta sagittalis and the beautiful fossil sponges

described by Dawson [1890, pp. 37-55]. It is a region of strong folding and thrust faults.

The Acroihele is a Middle Cambrian type, and nothing similar to it is known from the Upper
Cambrian. As far as this shell can locate the horizon, it is Cambrian, and probably low down
in the Upper Cambrian, if not in the Middle Cambrian.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (309 [Moberg and
Segerberg, 1906, desc. of PI. I]) Ceratopyge limestone (Zone 4) at Fogelsang, 5 miles (8 km.) east of Lund, Province

of Malmohus, Sweden.

(323 [Wiman, 1902, p. 66]) Phyllograptus slate and Ceratopyge limestone in the Christiania region of Norway; and
(323h [Brogger, 1882, p. 17]) blue Ceratopyge limestone at Vestfossen, 10 miles (16.1 km.) west-southwest of Christiania,

iN^orway.

Upper Cambrian: (331e-321m [Wiman, 1902, p. 68]) Drift bowlders of Ceratopyge slate, Nos. 1-4, 6-8, 9, 12, 14,

17, .23, and 27, on Biludden, about 20 miles (32.2 km.) east of Gefle, Province of Gefleborg; and (321n [Wiman, 1902,

p. 68]) drift bowlder of limestone (Ceratopyge slate horizon), at Trodje, in Gastrikland; both in Sweden.

(323a [Wiman, 1902, p. 66]) Ceratopyge slate in the Christiania region of Norway.

(318g [Davidson, 1868, p. 310]) Lower Lingula flags at Porth-y-rhaw, Pen-y-pleidiau, and several other localities near

St. Davids, South Wales.

(318c [Davidson, 1868, p. 310]) Lower Lingula flags at the Rheider Waterfall Valley and at Gwynfynydd and
other places near Dolgelly, all in North Wales.

Middle? Cambrian (Probably between Middle and Upper Cambrian): (392g [Dawson, 1888a, p. 55]) Black shales

at Little Metis, Province of Quebec, Canada.

Middle Cambrian: (2g) Sandstone of Division Ibl of Matthew's [1895a, p. 108] Protolenus zone on Hanford

Brook, St. John County; and ,(2s) limestone in upper part of Paradoxides zone, Hastings Cove [Matthew, 1898b, p. 38],

on Kennebecasis Bay, 0.5 mile (0.8 km.) northeast of Torrybm^n, on the Intercolonial Railway northeast of St. John,

St. John County; both in New Brunswick.

(6g) Limestone near the base of the Middle Cambrian, the lowest horizon carrying Paradoxides, northwest side

of Chappie Arm Harbor, about 1 mile (1.6 km.) from its head, Trinity Bay; (6w) limestone at Seal Point Cove, near

Long Point, Trinity Bay; and (61) limestone about 300 feet (91.4 m.) below the base of the Upper Cambrian on shore

north of Fosters Point, Random Island, Random Sound; all three in Newfoundland.

(318h) Shales in the Menevian at St. Davids, South Wales.

(316b [Davidson, 1883, p. 211]) Cah-n Burn and Druidhill Burn, both in Dumfriesshire, Scotland.

(8w) Limestones of the Paradoxidesforchhammeri zone, at Andrarum, 20 miles (32.2 km.) northwest of Simrishamn,

Province of Christianstad
; (321y) shale at Andrarum, 20 miles (32.2 km.) northwest of Simi-ishamn, Christianstad

;

and (321z) shales at Fogelsang, 5 miles (8 km.) east of Lund, Province of Malmohus; aU in Sweden.

82667°—VOL 51, pt 1—12 45
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(161) Limestones of the Paradoxides davidis zone at Borregaard
;
(16i) limestones of the Conocoryphe exsulans zone

at Borregaard; (16j) limestones of the Paradoxides forchhammeri zone at Laesaa; (I6I1 and 3341i) limestones of the

Paradoxidesforchhammeri zone at Boiregaard; and (16k) limestones of the Paradoxides davidis zone at Laesaa; all on
Bornholm Island, Denmark.

Specimens somewhat doubtfully compared with Acrotreta sagittalis occur at the following

locality

:

Middle Cambrian: (317a [Davidson, 1871, p. 340]) at Bellewstown, County Meath; and at Balbriggan, County
Dublin; both in Ireland.

Acrotreta cf. sagittalis.

High up in the Middle Cambrian of the House Range, Utah, there is a small, depressed

species of Acrotreta that appears to be identical with A. sagittalis as the latter occurs in Sweden
and Newfoundland. Some of the ventral valves are very low, but specimens of a similar char-

acter occur in the limestones of Sweden and Newfoundland.

Formation and locality.—Middle Cambrian: (lln) About 3,000 feet (914.4 m.) above the Lower Cambrian
and 1,400 feet (426.7 m.) below the Upper Cambrian, in the upper part of the limestone forming la of the Marjum
limestone [Walcott, 1908f, p. 179], in the long cliff southeast of Marjum Pass [Walcott, 1908f, Pis. XIII and XV],
House Range, Millard County, Utah.

A somewhat similar shell that also strongly suggests Acrotreta sagittalis occurs in the

Middle Cambrian limestones near Antelope Springs, in the House Range, Millard County,

Utah. As the material is not very good or abundant, nothing more will be done at present

toward identifying it.

Acrotreta sagittalis magna (Matthew).

^
Plate LXVI, figures 4, 4a-f

.

Linnarssonia belli magna Matthew, 1897, Trans. Roy. Soc. Canada for 1897, 2d ser., vol. 3, sec. 4, No. 7, pp. 169-170,

PL I, figs. la-b. (Described and discussed as a new variety. The specimens represented by figs, la and lb

are redrawn in this monograph, PL LXVI, figs. 4b and 4-4a, respectively.)

Acrotreta sagittalis magna (Matthew), Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 595-596. (Discussed as

below.)

In addition to the material collected by Matthew, I have a number of specimens collected

by me at the typical locality at Hastings Cove. A comparison with a series of specimens of

Acrotreta sagittalis (Salter) from St. Davids, Wales, and of A. sagittalis transversa (Hartt)

shows at once that the form Matthew named is veiy closely related to both. The length and
size of the median ridge, and the position of the central scars of the dorsal valve, and the size

and position of the cardinal scars of the ventral valve are the internal characters that Matthew
depends upon to distinguish the variety magna. All of the characters are fully covered, by
the vaiiations in the same characters in A. sagittalis and its variety transversa. The nearly

circular form of the variety magna is about the only character that can be considered of value, and
that is very closely approached by some specimens of A. sagittalis (PI. LXXI, figs. 3b, 3e, 3h).

It is not probable that the New Brunswick shell is a variety of Acrotreta helti (Davidson)

(PI. LXXVII). In order to have all the data possible for the student I have illustrated

Matthew's types, which he kindly sent me for tlie purpose, also specimens I found in the lime-

stone at the base of the beds carrying Paradoxides at Hanford Brook.

Formation and locality.—Middle Cambrian: (2s) <^ Limestones in upper part of Paradoxides zone, Hastings

Cove [Matthew, 1898b, p. 38], on Kennebecasis Bay, 0.5 mile {0.8 km.) northeast of Torryburn, on the Intercolonial Rail-

way, northeast of St. John; (2i) sandstones of Division lb3 of Matthew's [1895a, p. 108] Protolenus zone, Hanford

Brook; and (21) limestones at base of Paradoxides zone, Hanford Brook; all in St. John County, New Brunswick,

a 2s is the type locality, though the specimens in the United States National Museum collections to which that number is assigned were

collected later than the type specimens.
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ACROTRETA SAGITTALIS TACONICA (Walcott)

.

Plate LXXI, figxirea 1, la-o.

Linnarssonia taconica Walcott, 1887, Am. Jour. Sci., 3d ser., vol. 34, pp. 189-190, PL I, figs. 18, 18a-d. (Described

and discussed as a new species. The specimens represented by figs. 18a-c are redrawn in this monograph,
PI. IjXXI, figs, lo, Ic, and Ih, respectively.)

Linnarssonia taconica Walcott, Oehlbrt, 1889, Annuaire g^ologique universel for 1888, tome 5, p. 1138. (Described

in French in a review of the preceding reference.)

Linnarssonia sagittalis taconica Walcott, 1889, Am. Jour. Sci., 3d ser., vol. 38, p. 36. (Stratigraphic position

mentioned.)

Linnarssonia sagittalis taconica Walcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, pp. 610-611, PL LXVIII, figs.

1, la-d. (This description and the figures are copied from Walcott, 1887, p. 189, PL I, figs. 18, 18a-d.)

Aa'otreta sagittalis taconica Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 596-597. (Characterized and discussed

as below.)

This variety is characterized by the uniformly shorter median ridge of the dorsal valve.

The ventral valve appears to be identical with those of Acrotreta sagittalis (Salter) from Andra-
rum, which are embedded in the same character of matrix as the variety taconica.

This is the second representative of the genus found in association with the Olenellus fauna.

Acrotreta frimseva Walcott occurs in the upper zone of the Olenellus fauna in Nevada, and this is in

the upper portion of the same fauna in the Appalachian region. Its association with Microdiscus

connexus, a representative of Microdiscus punctatus of the Paradoxides zone of New Brunswick,
also serves to connect it with Acrotreta sagittalis. It appears to be one of the few forms that

connect the Atlantic Province Cambrian fauna with that of the Appalachian Province. It has

been found in abundance in the Lower Cambrian of the Canadian Rocky Mountains, thus

extending its range to the Cordilleran Province.

Formation and locality.—Lower Cambrian: (36b) Limestone near schoolhouse No. 12, near Greenwich; (338g)

limestone in the town of Greenwich; (33 and 338c) limestone at and near Rock Hill schoolhouse, near North Green-
wich; (338e) limestone a little west of North Greenwich; (338f) limestone near Argyle, 8 miles (12.8 km.) north of

Greenwich; (36 and 338d) limestone 1 mile (1.6 km.) south of Shushan; (338x) limestone 0.5 mile (0.8 km.) south of

Coila, just east of Cambridge; (43a) limestone 1 mile (1.6 km.) east-northeast of Salem; (45a) limestone at McNaughton
Corner, 1 mile (1.6 km.) east of Salem; and (37b) limestone 0.25 mile (0.4 km.) east of Salem; all in the Cambridge
quadrangle (U. S. Geol. Sm'vey), Washington County, New York.

(35) Limestones 1.5 miles (2.4 km.) north of Bald Mountain, 3.5 miles (5.6 km.) north-northwest of Greenwich;
and (3381i) limestone on the summit of Bald Mountain, about 2 miles (3.2 km.) northwest of Greenwich; both in the

Schuylerville quadrangle (U. S. Geol. Sm-vey), Washington County, New York.

(34) Limestone on roadside a little west of the bridge over Poultney River at Low Hampton, about 5 miles

(8 km.) east-northeast of Whitehall; (39) limestone south of the Delaware and Hudson Railroad track on the road
running south-southwest from Low Hampton, about 5 miles (8 km.) east-northeast of Whitehall; (45b) limestone

near the roadside about 1,200 feet (366 m.) east of Bristol's house, near Low Hampton, about 5 miles (8 km.) east-

northeast of Whitehall; and (338a) limestone in the northeast section of \^Tiitehall township; all in the Wliitehall

quadrangle (U. S. Geol. Sm-vey), Washington County, New York.

(20a) Gray limestone, interbedded with shaly slates, in a lane west of Lafayette Stevens's house, about 100 yards
(91.4 m.) from the main road, in the southern part of Wliitehall township; (22) limestone 1.5 miles (2.4 km.) north of

North Granville; and (38a) limestone 2 miles {3.2 km.) south of North Granville, on the road which turns south from the

road running between that village and Truthville, 4 miles {6.4 hm.) west-northioest of Granville; all in the Fort Ann
quadrangle (U. S. Geol. Sm-vey), Washington County, New York.

(22a) Limestone in Penrhyn quarries. Middle Granville, Mettawee quadrangle (U. S. Geol. Sm-vey), Washington
County, New York.

(338b) Limestone on Kinderhook Creek near Stockport Paper Mill; (29) limestone just above the bridge at the
Stockport Paper Mill, on Kinderhook Creek; (44b) limestone near North Chatham; and (32a) limestone 0.75 mile
(1.2 km.) west of Riders MUls on the Harlem Extension Railroad, about 9 miles (14.4 km.) north-northeast of Chatham;
all in the Kmderhook quadrangle (II, S. Geol. Sur^'ey), Columbia Countj^ New York.

(44a) Limestone on Valatie Kill, near the line between Nassau and Schodack townships, near the line between
the Troy and Kinderhook quadrangles (U. S. Geol. Survey); (338y) limestone north of Eagle Mills; (338) limestone
at Schodack, northeast comer of the Coxsackie quadrangle (U. S. Geol. Survey); and (29a) limestone 1 mile (1.6 km.)
below the New York Central Railroad depot at Schodack; all in Rensselaer County, New York.
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(58k) Just below the Middle Cambrian in limestones forming 1 of the Mount "VVhyte formation [Walcott, 1908c,

p. 240 (9)]; (57m) about 50 feet (15 m.) below the Middle Cambrian in a siliceous shale correlated with II3 of the Mount

Whyte formation on Mount Bosworth [Walcott, 1908f, p. 213]; (57e) about 115 feet (35 m.) below the Middle Cambrian,

in limestone correlated with the top of Ic of the Mount AATiyte formation on Mount Bosworth [Walcott, 1908f, p. 213];

(57r and 58s) about 150 feet (46 m.) below the Middle Cambrian, near the base of the limestones forming 3 of the Mount

Whyte formation [Walcott, 1908c, p. 241 (10)]; and (35f) about 300 feet (91 m.) below the Middle Cambrian, in the

limestone forming 6 of the Mount Whyte formation [Walcott, 1908c, p. 242 (11)]; all on Mount Stephen, just above

the tunnel on the north shoulder, 3 miles (4.8 km.) east of Field, British Columbia.

(57s) About 160 feet (49 m.) below the Middle Cambrian, near the base of the gi-ay oolitic limestone forming lb

of the Mount ^Vhyte formation [Walcott, 1908f, p. 212], on Mount Bosworth, north of the Canadian Pacific Railway

between Hector and Stephen, on the Continental Divide between British Columbia and Alberta, Canada.

ACROTRETA SAGITTALIS TRANSVERSA (Hartt).

Plate LXXII, figures 1, la-k.

Obolella transversa Hartt, 1868, Acadian Geology, by Dawson, 2d ed., p. 644. (Characterized.)

Obolella transversa Hartt, 1878, idem, 3d ed., p. 644. (Copy of preceding reference.)

Obolella transversa Hartt, Walcott, 1884, Bull. U. S. Geol. Survey No. 10, p. 16, PI. I, figs. 5 and 5a. (Original descrip-

tion copied and species discussed. The specimens represented by figs. 5 and 5a are not redrawn in this mono-

graph, but better figures of them are given by Walcott, 1891a, PI. LXVIII, figs. 2a and 2c, respectively.)

lAnnarssonia transversa (Hartt), Walcott, 1885, Am. Jour. Sci., 3d ser., vol. 29, p. 115, figs. 3, 4, 6, and 7, p. 116. (Dis-

cussed as the type of the new genus Linnarssonia. Figs. 3 and 7 are drawn from the specimens figured by Wal-

cott, 1884a, PI. I, figs. 5 and 5a, respectively.)

Linnarssonia transversa (Hartt), Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 8, sec. 4, No. 4, p. 35,

PI. V, figs. 11, lla-e. (Discussed. Casts of the two specimens represented by figs. 11, lla-e are figured by
Walcott, 1891a, PI. LXVIII, figs. 2d and 2a.)

Obohlla transversa Hartt, 1891, Acadian Geology, by Dawson, 4th ed., p. 644. (Copy of Hartt, 1868, p. 644.)

-Linnarssonia sagittalis transversa (Hartt), Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, Description of PI.

LXVIII, figs. 2a, 2c, and 2d. (No text reference. Figs. 2a and 2c are drawn from the specimens figured by
Walcott, 1884a, PL I, figs. 5 and 5a, respectively. Fig. 2d is drawn from the specimen figured by Walcott,

1885a, fig. 6, p. 116. Figs. 2d and 2a are drawn from casts of the two specimens figured by Matthew, 1886, PI. V,

figs. 11, lla-e.)

Linnarssonia transversa (Hartt), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

PI. Ill, figs. 22 and 23. (Fig. 22 is drawn from the specimen figured by Matthew, 1886, PI. V, fig. 11.)

Linnarssonia transversa (Hartt), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 108, PI.

Ill, figs. 38-42. (Mentioned in the text. Figs. 38-39 and 40-42 are drawn from the specimens figured by
Matthew, 1886, PI. V, figs, lie and 11, respectively. Figs. 42 and 39 are copied from figs. 22 and 23, respectively,

of the preceding reference.)

Linnarssonia transversa (Hartt), Matthew, 1895, Trans. New York Acad. Sci. for 1894-95, vol. 14, p. 125, PI. V, figs,

la-c and 2a-c. (Locality mentioned. The figures are copied from Matthew, 1886, PI. V, figs. 11, lla-e.)

Linnarssonia sagittalis transversa (Hartt), Frech, 1897, Additional plates inserted in 1897 in Lethsea geognostica, pt. 1,

Lethsea palseozoica, Atlas, 1876, PI. lA, fig. 3b. (No text reference. Fig. 3b is copied from Walcott, 1891a, PL
LXVIII, fig. 2d.)

This is the representative of Acrotreta sagittalis (Salter) in the Paradoxides zone of New
Brunswick. Many shells are more transverse in outline than the average of A. sagittalis, but

examples of the latter (PI. LXXI, figs. 3, 3a, 3g, 3j) are nearly as much so and the interior

casts show a striking similarity in the Welsh and Acadian forms. The range of variation in

each form is nearly as great as the variation between the two. . In view of tliis, I think it is

best to characterize transversa as a variety of A. sagittalis.

The shells from the "Protolenus beds" of Hanford Brook also vary in form from the nearly

circular variety magna to .the transverse forms included under transversa.

Formation and locality.—Upper Cambrian: (3) Shales 300 feet (91.4 m.) above the Paradoxides zone, Manuels

Brook, Conception Bay, Newfoundland.

Middle Cambrian: (2f and 2g) Sandstones of Division Ibl : (21i) overlying 2g in the sandstones of Division lb2;

(2) sandstones of Division lb2; (2i) sandstones of Division lb3; (2k) overlying 2i in the sandstones of Division lb3;

and (301b) sandstones of Division lb5 and higher; all in Matthew's [1895a, p. 108] Protolenus zone, Hanford Brook,

St. John County, New Brunswick.

(301c) Sandstones of the St. John formation, at Coldbrook; and (301k) St. John formation, in the city of St. John;

both in St. John County, New Brunswick.
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ACROTRETA SCHMALEKSEEI Walcott.

Plate LXX, figures 1, la-s,

Not Acrotreta socialis von Seebach, 1865, Zeitschr, Deutsch. geol. Gesell. for 1865, Bd. 17, p. 341, PL Villa, figs.

1^. (This species is referred in this monograph to Acrotreta socialis.)

Acrotreta socialis Linnarsson [not von Seebach], 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12,,

pp. 16-18, PI. Ill, figs. 32-35. (Described and discussed in English.)

?Acrotreta socialis Linnarsson, 1877, Geol. Foren. i Stockholm ForhandL, No. 40, Bd. 3, No. 12, p. 374. (Not figured,,

and may belong with either Acrotreta schnalenseei or A. socialis.)

Acrotreta socialis Linnarsson, Wallerius, 1895, tTndersokningar ofver Zonen med Agnostus Ixvigatiis i Vestergotland,.

p. 66. (Discussed in Swedish.)

Acrotreta schmalensei Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 597-598. (Described as below as a new species.)

As in the case of many other species of this genus, the student is referred to the series

of figures ilkistrating it for information as to the external outline, form, and convexity of the

two valves and the range of known variation. The collections of the United States National

Museum contain a large series of specimens from which the shells illustrated were selected.

The broad false area has a shallow, faint median groove on some specimens, and on others

no traces of it have been seen. The pedicle aperture, which is exceedingly minute, is situated

at the extreme apex of the ventral valve; the cast of the base of the pedicle tube is clearly

shown in iirterior casts of the veJve (PI. LXX, figs. If and Ih). One of the distinguishing

characters, is the cast of the large main vascular sinuses on each side of the visceral area, a

feature which varies (PI. LXX, figs, le, li, and Is). The casts of the interior of the dorsal

valve (figs. Ij-lp) are interesting and instructive in showing the considerable variation in

the size and length of the median ridge, and the size of the cardinal and central scars.

The shell is small and built up of a thin outer layer and several inner layers or lamella

more or less oblique to the outer layer. The outer surface is marked by fine concentric striae

and lines of growth, and the inner surfaces of the lamellse by concentric strife and fine radiating

striae. The average length of the opening of the valves is L5 to 2 mm., and the width is usually

a little more.

Ohservations.—All of the specimens illustrated are from the Paradoxides forcJihammeri

zone. They appear to be identical with the figures of Acrotreta socialis given by Linnarsson

[1876, PI. Ill, figs. 32-35], but are not like those given by von Seebach [1865, PI. Villa, figs.

1-4]. Those of the latter represent a shell with strong concentric striae and median groove

on the false area, characters that Linnarsson states that he did not find on his specimens.

Among the collections made for me by Mr. G. Schmalensee, a collector in the Geological Sur-

vey of Sweden, I find a larger Acrotreta than the one described by Linnarsson [1876, p. 16],

which agrees with the description of A. socialis given by von Seebach [1865, p. 341] and with
his figures. Linnarsson writes that he thinks that von Seebach had representatives of several

species before him when he wrote his notes on A. socialis. With this I fully agree, but with
the collections now before me from Bornholm and Oeland, I think the specific name A. socialis

should be given to the larger shell, illustrated by von Seebach [1865, PI. Villa, figs. 1-4], and
a new name given to the smaller and very distinct shell illustrated by Linnarsson [1876, PI.

Ill, figs. 32-35]. In recognition of the faithful and intelligent work of Mr. G. Schmalensee, I

take pleasure in naming the species in his honor.

Acrotreta scJimalenseei is of the type of A. suhconica Kutorga, but is much less elevated.

It may be compared with A. microscopica (Shumard) and A. gemma Billings among American
species.

Formation and locality.—Middle Cambrian: (323b) Limestone of the Paradoxides celandiciis zone, at Wind-
juelandet, Ringsaker, Province of Hedemerken, Norway.

(320n) Limestones of the Paradoxidesforchhammeri zone at Lovened, Djupadal, 19 miles (30.6 km.) south-southeast

of Skara; (320e) limestone .'it Munkesten, north of Hunneberg; (331q) limestones of the Paradoxidesforchhammeri zone
at Munkesten, north of Hunneberg; and (320m [Linnarsson, 1876, p. 18]) limestone of the Paradoxides forchhammeri
zone at Kinnekulle, northeast of Lidkoping; all in the Province of Skaraborg, Sweden.

(8w) Limestones of the Paradoxides forchhavivieri zone at Andrarum; and (320c [Wallerius, 1895, p. 66]) Andrarum
limestone, at Andrarum; both 20 miles (32 km.) northwest of Simrishamn, Province of Christianstad, Sweden.
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(320d) Exsulans limestone in the lower part of the Paradoxides tessini zone, at Fogelsang, 5 miles (8 km.) east of

Lund, Province of Malmohus, Sweden.

(310c [Wallerius, 1895, p. 66]) Limestone of the Paradoxides mlandicus zone, on Oeland Island; (310p [Linnarsson,

1876, p. 18]) limestone of the Paradoxides alandicus zone at Borgholm; and (310b) dark-brown limestone at Borgholm,

on Oeland Island; all in Sweden.

(16j) Limestone of the Paradoxides forchhammeri zone at Laesaa; (161i) limestone of the same zone at Borregaard;

and (334 [Wallerius, 1895, p. 66]) limestone of the Paradoxides forchhammeri zone; all on Bornholm Island, Denmark.

ACROTRETA SEEBACHI Walcott.

Plate LXXVII, figures 3, 3a.

Acrotreta seebachi Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 598-599. (Described and discussed as below

as a new species.)

Acrotreta seebachi Walcott, Moberg and Segerberg, 1906, Medd. Iran Lunds Geol. Faltklubb, Ser. B, No. 2 (Aftryck

ur K. Fysiografiska Sallskapets Handl., N. F., Bd. 17), pp. 66-67. (Characterized and discussed in Swedish.)

Among the fragments of trilobites in the Ceratopyge hmestone collected by Schmalensee

there are a few specimens of a species of Acrotreta distinct from A. scJimalenseei Walcott and

A. socialis von Seebach. The ventral valve is relatively low, with the false area nearly vertical.

A cast of this valve shows the cardinal scars on each side high up toward the apex; small main

vascular sinuses and apical callosity. False area rather large and marked by a slight indica-

tion of a median depression that is recognized by a slight undulation in the transverse striae.

Surface marked by fine threadlike concentric strife and lines of growth. A broken dorsal

valve has a broad median sulcus and a small distinct beak at the posterior margin. The
valves are slightly transverse. A large ventral valve measures 3 mm. in width by 2.5 mm.
in length.

The surface striae and the cardinal scars serve to distinguish this species from others known
to me. Acrofhelef ceratopijgarum (Brogger) is from the Ceratopyge shales, but it has a low

ventral valve with the false area sloping forward.

After deciding that a new species was represented in the material received from Schmalen-

see, I studied a fine series of specimens that Dr. W. C. Brogger kindly sent me. In material

collected by Schmalensee from the Ceratopyge shale at Borgholm, Oeland Island, Sweden,

some imperfect specimens suggest Acrotreta seehacM; they might equally well be referred to

A. carinata Moberg and Segerberg, or A. circularis Moberg and Segerberg.

The specific name was given in honor of Dr. K. von Seebach.

Formation and locality.»—^Passage beds between the Upper Cambrian and the Ordovician: (8x) Ceratopyge,

limestone at Slemmestad, about 3 miles (4.8 Jem.) southwest of Christiania; (323d) Ceratopyge limestone (Etage 3aj- of

Brogger) at Christiania; (323f) lower part of the Ceratopyge limestone [Brogger, 1882, pp. 16 and 17] at Vestfossen, 10

miles (16.1 km.) west-southwest of Christiania; (323h) blue Ceratopyge limestone [Brogger, 1882, p. 17] at Vestfossen,

10 miles (16.1km.) west-southwest of Christiania; and (323e) Ceratopyge limestone at Engervik, near Christiania; all

in Norway.

Upper Cambrian: (310d) Cerotopj/g'e slate at Borgholm, Oeland Island, Sweden.

Specimens somewhat doubtfully referred to this species occur at the following locality:

Passage beds between the Upper Cambrian and the Ordovician: (323g) Ceratopyge limestone (Etage Sa;- of

Brogger), at Vaekkero, in the Christiania region, Norway.

Acrotreta shantungensis Walcott.

Plate LXIX, figures 5, 5a-e.

Acrotreta shantungensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 301-302. (Described and discussed as below

as a new species.)

Shell small. Ventral valve a low cone with the apex a little forward of the posterior

margin, which is slightly flattened; apex minute, directed backward and projecting slightly

over the faintly defined false area. The cast of the interior shows that the apical callosity was

rather large and that the main vascular sinuses were well defined on each side of it ; the cardinal

scars are small and not prominent.

a Localities 8x and 310d are represented in tlie collections of the United States National Museum; the others are in the collection of the

University of Christiania.
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Dorsal valve slightly convex; apex marginal; surface marked by a rather broad, shallow-

median depression that begins on the umbo and gradually widens toward the front margin.

The interior of the dorsal valve has a strong median ridge extending from the posterior margin
two-thirds the distance toward the front. A small, elevated cardinal scar occurs on each

side of the median ridge a little in advance of the posterior margin. Main vascular sinuses

rather strong; they start beneath the apex and extend forward a short distance from the outer

lateral margin of the shell.

Surface marked by fine concentric strise and lines of growth.

Ohservations.—This shell in size and general form is closely related to Acrotreta microscojnca

(Shumard) (PI. LXVII) of the Middle Cambrian fauna of the United States.

The specific name is derived from Shantung, China.

Formation and locality.—Middle Cambrian: (C37) Upper part of the Kichou limestone o in dense black lime-

stone nodules in green-gray shales 10 feet (3 m.) below the base of the cliff limestone, 8 miles (12.8 km.) south of Ting-

hianghien; and (C71) massive cliff-making limestone in the central portion of the Kichou formation [Willis and
Blackwelder, 1907, pp. 139 and 145 (2d list of fossils)], 4 miles (6.4 km.) southwest of Tungyu, Shansi, China.

(CI) Lower shale member of the Kiulung gi-oup [Blackwelder, 1907a, pp. 37 and 40 (part of the 3d list of fossils),

and fig. 10 (bed 4), p. 38], 2 miles (3.2 km.) south of Yenchuang; and (C62) earthy layer in the middle limestone member

of the Kiulung group [Blackwelder, 1907a, pp. 37 and 40 (last list offossils), and fig-. 10 {base of bed 7), p. 38], '2.5 miles

(4 km.) south of Yenchuang, on the north-northeast spur of Hulushan; both in the Sintai district, Shantung, China.

A shell apparently identical with Acrotreta slmntungensis was collected at the following

locality

:

Middle Cambrian: (C32) A fine-grained, bluish-black limestone bowlder believed to have come from the lower

part of the Kisinling limestone [Blackwelder, 1907b, p. 272], collected in river drift 1 mile (1.6 km.) south of Chon-
pinghien, on Nankiang River, southern Shensi, China.

AOROTEETA SIGNALIS Walcott.

Plate LXIX, figure 4.

Acrotreta signalis Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, p. 599. (Described and discussed as below as a new
species.)

Ventral valve transverse, broadly ovate ; height about one-third the length ; apex directed

backward on a line with the posterior margin, which is transverse and slightly undulated at the

center by the median furrow of the false area; apex with a minute apical foramen which is

directed backward. Surface marked by fine concentric striaj and lines of growth that at the

median furrow of the false area curve toward the posterior margin.

Shell small, 1.5 mm. long by about 1.75 mm. in width. Shell built up of several very

thin layers or lamellae.

Ohservations.—In all of the extensive collections made from the Cambrian sandstones of

the upper Mississippi Valley, only two ventral valves of any species of Acrotreta have been

found, as far as known to me. These occur in association with Lingulella (Lingulepis) acuminata

(Conrad) and the shells have the color and appearance of those of that species, shiny light gray

to white, the original coloring matter having been leached out. Only the exterior of the ventral

valve is laiown. This compared with A. microscoinca (Shumard) (PI. LXVII) shows a less

elevated ventral valve and a less distinct false area. It also has a marked median groove on the

false area. It recalls A. idaTioensis Walcott, but differs in being more depressed and in having

a stronger groove on a narrower false area.

FoEMATioN AND LOCALITY.—Middle Cambrian: (328e") "St. Croix sandstone" at St. Croix Falls, Polk County,

Wisconsin.

Acrotreta socialis von Seebach.

Plate LXXIII, figures 3, 3a-c, 4, 4a-e. .

Acrotreta socialis von Seebach [not Linnaesson], 1865, Zeitschr. Deutsch. geol. Gesell. for 1865, Bd. 17, p. 341, PI.

Villa, figs. 1^. (Described and discussed in German, as a new species. Figs. 1^ are reproduced in this mono-
graph, PI. LXXIII, figs. 3, 3a-c, respectively.)

a The fossils from this locality are not listed, but the presence of Cambrian strata at the locality is mentioned by Willis and Blackwelder

[1907, p. 146].
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Not Atrotreta sodalk Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 16-18, PI. Ill,

figs. 32-35. (Described and discussed in English. This species is referred in this monograph to Acroireta

schmalenseei.)

fAcrotreta socialis Linnarsson, 1877, Geol. Foren. i Stockholm Forhandl., No. 40, Bd. 3, No. 12, p. 374. (Not figured,

and may belong with either Acrotreta socialis or Aerotreta sdmialenseei.)

Acrotreta socialis von Seebach, Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 599-600. (Described and discussed

essentially as below.)

Not Acrotreta cf. socialis Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 392-394, PI.

XV, figs. 5a-k. (Described and discussed. This species is referred in this monograph to Acrotreta.ep. undt.)

Not Acrotreta cf. socialis Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 183-185,

PI. Ill, figs. 5a-k. (Copy of preceding reference. This species is referred in this monograph to Acrotreta sp.

undt.)

The species described and illustrated by von Seebach [1865, p. 341, PI. Villa, figs. 1-4] as

Acrotreta socialis is characterized by a well-marked, concentrically striated surface and a strong

median groove in the false area. In the collections made for me by Mr. Schmalensee at Borg-

holm, Oeland Island, I find associated with Paradoxides mlandicus an Acrotreta that has these

characters. All the specimens from the Paradoxides forcliliammeri zone in the large collection

before me, with the exception of one ventral valve, belong to a distinct species which I have

named A. schmalenseei. Von Seebach evidently had specimens of the latter species, also of a

species of Acrotreta from the Ceratopyge limestone, as he mentions the occurrence of A. socialis

at both horizons.

The external form, as far as known to me, is shown by the figures. There is some variation

in the height of the ventral valve and in the outline of the margins of the valves. The false

area is clearly defined and marked by a strong, rather broad median groove. The pedicle

aperture is at the apex of the ventral valve and quite readily seen in several specimens, a char-

acter in strong contrast with the minute aperture at the apex of A. schmalenseei Walcott.

Shell formed of several thin layers or lamellae that show very plainly where the thin outer laj^-er

is exfoliated. Surface marked by striae and lines of growth that are very distinct on some

shells and less so on others; the concentric striae occur on all the lamellae of the shell and on

the inner surface; fine radiating striae are to be found on the inner surface. The cast of the

interior of the ventral valve shows the presence of a large apical callosity and unusually large

pedicle tube and main vascular sinuses on each side of the visceral cavity. The cardinal scars

are well defined in both the ventral and dorsal valves. Casts of the interior of the dorsal valve

show a strong median ridge, central scars, and fairly well-defined main vascular sinuses. Von
Seebach [1865, p. 341] describes the surface as having minute warts on it. . I find numerous

fragments of the shell of Acrothele (Redlicliella) granulata (Linnarsson) associated with Acrotreta

socialis, and it may be that von Seebach mistook the surface of this shell for that of the species

he was describing. No known species of Acrotreta has such a surface.

A large ventral valve has a diameter of 5 mm. and a height of 2.5 mm. The average size

is about 3 mm. in diameter.

A single ventral valve found by Schmalensee at Andrarum appears to belong to this species.

It is a cast of the interior of the shell, and shows concentric ridges or undulations of growth,

well-defined cardinal scars, large apical callosity, and short but strong main vascular sinuses

(PL LXXIII, fig. 4b).

This species belongs to the A. subconica Kutorga group of species with a broad false area

and well-defined median groove. Its surface is more strongly marked by concentric stiise than

any other species of the genus, and the shell is also thicker.

Gronwall [1902, p. 39] and Linnarsson [1877, p. 374] refer specimens to Acrotreta socialis,

but do not accompany the references by descriptions or figures, and I therefore can not decide

whether to include the forms with Acrotreta socialis or Acrotreta sclimalenseei.

Matthew [1902b, p. 392] has compared some imperfect specimens of a species of Acrotreta

from McNeil Brook, Cape Breton, with Acrotreta socialis von Seebach. The shells, as far as

can be determined, do not belong to this species. They are about the same size, but the ventral

valve is depressed and more like that of Acrotreta sagittalis magna (Matthew) . I can not identify
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the species with the material available for study, and I have entered it in this monograph as

Acrotreta sp. undt. (see p. 715).

Formation and locality.—Middle Cambrian: (8z) Limestones of Paradoxides aelandicus zone, Borgholm, Oeland

Island; (320n) limestones of the Paradoxidesforchhammeri zone at Lovened, Djupadal, 19 miles (30.6 km.) south-south-

east of Skara, Province of Skaraborg; and (8w) limestones of Paradoxides forchhammeri zone at Andrarum, 20 miles

(32.2 km.) northwest of Simrishamn, Province of Christianstad; all in Sweden.

(334g [Seebach, 1865, pp. 340 and 34-l\) Limestones on Bornholm Island, Denmark.

Acrotreta spinosa Walcott.

Plate LXXIX, figures 4, 4a-a:.

Acrotreta spinosa Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 302. (Characterized as below, as a new species.)

The general form of this shell is much like that of Acrotreta idahoensis Walcott (PI. LXVIII,
figs. 2, 2a-g). It differs in having a straighter posterior margin. The distinguishing character

of the species is the spinose outer surface. The surface is marked by fine concentric lines of

growth at irregular intervals, with numerous, very fine, threadlike strise between. On some
shells occur radiating, more or less irregular, fine, rounded ridges that are formed by the

elevated elongate spine bases. Wlien these elongate bases are irregularly arranged the radiat-

ing ridges are not present. Owing to their minute size, the spinules are rarely seen.

Formation and locality.—Upper Cambrian : (65) Limestone on east side of Sierra Canyon, opposite Pinnacle

Peak; (62a) limestone on east side of Sierra Canyon, opposite the Jackson mine; (62) limestone in the Dunderberg

shale [Walcott,' 1908f, p. 184], in canyon immediately north of Adams Hill; and (61) limestone in the Dunderberg shale

[Walcott, IBOSf, p. 184], a little south of the Hamburg mine; all in the Eureka district [Hague, 1892, Atlas], Eureka County,

Nevada.

Acrotreta subconica Kutorga.

Plate LXXIII, figures 2, 2a-i.

Acrotreta subconica Kutorga [not Meek], 1848, Verhandl. Russ.-kais. min. Gesell. St. Petersburg for 1847, No. 12,

p. 275, PI. VII, figs. 7a-c. (Described in German as a new species; see below for translation. Figs. 7a, 7b, 7c,

7b', and 7c' are reproduced in this monograph, PI. LXXIII, figs. 2, 2a-d, respectively. The specimens repre-

sented by figs. 7a, 7b', and 7c' are redrawn in this monograph, PL LXXIII, figs. 2e, 2h, and 2i, respectively.

Figs. 2f and 2g on PL LXXIII of this monograph represent one of Kutorga's type specimens, but he figured

only the dorsal valve, 1848, PL VII, fig. 7c'.)

Acrotreta Morris, 1849, Annals and Mag. Nat. Hist., 2d ser., vol. 4, PL VII, figs. 4a-b. (No text reference. Figs.

4a and 4b are copied from Kutorga's figures, 1848, PL VII, figs. 7b' and 7c', respectively, of Acrotreta subconica.)

Acrotreta subconica Kutorga, Davidson, 1853, British Fossil Brachiopoda, vol. 1, Introduction, No. 3, PL IX, figs.

271-275. (No text reference. Figs. 271-275 are copied from Kutorga, 1848, PL VII, figs. 7c, 7a, 7b, 7b', and 7c',

respectively.)

Acrotreta subconica Kutorga, von Seebach, 1865, Zeitschr. Deutsch. geol. Gesell. for 1865, Bd. 17, p. 341. (Men-
tioned in discussion of A. socialis.)

Not Acrotreta subconica Meek, 1873, Sixth Ann. Kept. U. S. Geol. Survey Territories for 1872, p. 463. (This species

is referred in this monograph to Acrotreta idahoensis.)

Acrotreta subconica Kutorga, Quenstedt, 1885, Handbuch der Petrefactenkunde, Aufl. 3, p. 755, PL LVIII, fig. 51.

(Mentioned. Fig. 51 is roughly copied from Kutorga, 1848, PL VII, fig. 7b.)

Acrotreta subconica Kutorga, Walcott, 1902, Proc. U. S. Nat. Mus., vol. 25, pp. 600-601. (Original description

translated and type specimens discussed as below.)

The original description by Kutorga follows:

Strongly conical; the deltidium-like furrow narrow and plainly impressed. Innumerable growth wrinkles run

on the whole surface of the shell horizontally, and make deflections only in the furrow, the convexity of which is

turned toward the base of the cone.

Height of the cone, 0.014 ; length of the base of the ventral valve, 0.012 ; breadth of the same, 0.015 .

Four specimens, of which one is complete and three are without ventral valve. From the collection of Herr

von Volborth.

On one specimen with the apex broken off I investigated the surface of the fracture under the microscope, with

a magnification of forty-five times, and found on it two cruriform, shallow impressions similar to those on the casts

of the Siphonotretes. Their surface was polished and with impressions of growth folds, and between the extremities

of the crura, in the neighborhood of the area-like hinge surface, a columniform fragment of the mold of the siphon.

From this it follows that the broken-off tip, just as the beak of the Siphonotretes, was solid and contained a cylin-

drical siphon.
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Observations.—Through the courtesy and permission of Dr. Fr. Schmidt, Dr. Fr. von Huene

kindly sent me the types of this species, which he had been studying. One of them preserves

the outer shell at the apex. It shows a minute foraminal aperture on the back side of the apex

and a strong median groove on the false area. The outhnes of the pedicle valve vary from

the somewhat diagrammatic drawings of Kutorga [1848, PI. VII, figs. 7a-c], and there is

some variation among the five specimens representing the types. The characters of the shell

are shown by the figures on Plate LXXIII.

Formation AND locality.—Ordovician. : (336) Echinosphxrites limestone, horizon Cla [Fr. Schmidt, personal

communication, 1906], Popowka, near St. Petersburg, Kussia.

AOROTRETA ULRICHI Walcott.

Plate LXXVIII, figure 3.

Acrotreta ulricU Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 96-97, PL IX, fig. 3. (Described and

discussed as below as a new species. Fig. 3 is copied in this monograph, PI. LXXVIII, fig. 8.)

This species is founded on a single specimen of a finely preserved ventral valve. The

outhne of the aperture is nearly circular, except for a short transverse portion beneath the

false area; surface moderately convex, with the apex curving and ending beyond the posterior

margin so that the minute foraminal aperture opens backward; a small false area is indicated

by a shght incurving at the cardinal angles; the area is without traces of a median furrow.

Surface of shell marked by very fine, concentric striae and Hnes of growth. Length and

width of aperture 2 nun. ; convexity of ventral valve 1 mm.
Observations.—This species is characterized by its curved umbo and apex, and overhang-

ing false area. It most nearly resembles A. curvata Walcott, from which it differs in being

less convex, and in the form of its umbo and curved apex.

The specific name was given in honor of Mr. E. O. Ulrich.

Formation and locality.—Upper Cambrian: (12p) About 225 feet (69 m.) above the igneous rocks, in the

limestones of the Reagan sandstone, at the northwestern extremity of the Arbuckle Mountains, about 4 miles (6.4

km.) east of Homer, Carter County, Oklahoma.

/ ACEOTRETA UPLANDICA WimaU.
/

Plate LXX, figures 3, 3a-c.

Acrotreta uplandica Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 54, PL II, figs. 15-18. (De-

scribed in German as a new species. The specimens represented by figs. 15-18 are redrawn in this monograph,

PL LXX, figs. 3, 3a-c, respectively.)

Acrotreta uplandensis (Wiman), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28-, p. 302. (Characterized as below.)

This species recalls at once Acrotreta idahoensis sulcata Walcott. It differs from it in

having a broader false area. The surface is marked by fine, threadhke striae that cross the

false area and false pedicle groove.

Formation and locality.—Middle? Cambrian: (311b) Drift bowlder of gray bituminous sandstone, No. 2 [Wiman,

1902, p. 57], on Biludden, about 20 miles {S2.2 hm.) east of Gefle, Province of Oefieborg; and (Slip) drift bowlder of

glauconitic sandstone. No. 1 [Wiman, 1902, p. 57], at Hoganas, parish of Borstil, east of Osthammar, Province

of Stockholm; both in Sweden.

Acrotreta uplandica limoensis (Wiman).

Plate LXX, figures 4, 4a-c.

Acrotreta limomds Wiman, 1902, Bull. Geol. Inst. Univ. Upsala, vol. 6, pt. 1, No. 11, p. 54, PI. II, figs. 19-22. (Char-

acterized in German as a new species. The specimens represented by figs. 19-22 are redrawn in this mono-

graph, PL LXX, figs. 4, 4a-c, respectively.)

Acrotreta uplandica limonensis (Wiman), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 303. (Characterized as

on p. 715.)
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Wiman states [1902, p. 54] that this form is quite Uke Acrotreta uplandica, but lower, as

the height is only one-third of the diameter. It is so close in all other respects that I do not
think that more than a varietal value should be given to the differences mentioned.

The specific name is derived from Limon Island, Sweden.

Formation and locality.—Middle? Cambrian: (311n) Drift bowlder of bluish calcareous sandstone, No. 6

[Wiman, 1902, p. 57], on Limon Island, about 12 miles (19.3 km.) east-northeast of Gefle, Province of Gefleborg, Sweden.

:. ACEOTEETA Sp. THldt.

Acrotreta cf. socialis Matthew [not Linnarsson or von Seebach], 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4,

pt. 5, No. 20, pp. 392-394, PI. XV, figs. 5a-k. (Described and discussed.)

Acrotreta cf. socialis Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 183-185, PL III,

figs. 5a-k. (Copy of preceding reference.)

Matthew describes and illustrates this form and compares it with Acrotreta socialis von
Seebach. A comparison of his specimens with A. socialis shows the two forms to be distinct.

Matthew's specimens are more suggestive of A. sagittalis magna (Matthew) (PI. LXVI, figs.

4, 4a-f) except that the ventral valve is higher.

With the original specimens for study it appears best to indicate this form as an unde-
termined species.

Formation and locality.—Middle Cambrian : (336a [llatthew, 1903, p. 184]) Shales of Division C2c of Matthew's
Bretonian, on the eastern slope of the valley of McNeil Brook, on the road to Trout Brook, Cape Breton, Nova Scotia.

AcEOTEETA sp. undt. Westergard.
y

Acrotreta sp. WbstergIrd, 1909, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 4 (Aftryck ur K. Fysiografiska

Sallskapets HandL, N. F., Bd. 20), pp. 57 and 77, PL II, figs. 25a-b. (Locality mentioned in Swedish.)

This species is not described by Westergard, and I have not seen the specimen. It is of

medium height and appears to be a true Acrotreta.

Formation and locality.—TTpper Cambrian: (310t) Sabzone c of the Dictyograptus slate at Fogelsang; (310u)

subzone c of the Dictyograptus slate at Jerrestad; and (310v) subzone 6 of the Dictyograptus slate at Tosterup; all

Westergard, 1909, pp. 57 and 77] in the Province of Malmohus, Sweden. -

Genus ACROTHYBA Matthew.o

[Sjipog, at the top: and dupa, a door.]

Acrothyra Matthew, 1901, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 4, No. 19, pp. 303-304. (Described and
discussed as a new genus.)

Acrothyra Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, p. 104. (Notes on variation

in size, etc., of the different species and varieties of Acrothyra.)

Acrothyra Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 85-86. (Copied from Mat-
thew, 1901b, pp. 303-304.)

Acrothyra Matthew, 1903, idem, pp. 88-89. (Copied from Matthew, 1901b, p. 304.)

Acrothyra Matthew, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 146. (Classifica-

tion of genus.)

Ventral valve elongate conical, with the posterior face more or less flattened to form a

false area marked on the median fine by a shallow groove. Area unknoAvn. The slope of

the false area is usually backward so as to throw the apex back of the posterior margin, but

in some instances it is directly on a line with the margin. Pedicle opening minute, shghtly

truncating the apex. Dorsal valve strongly convex with the beak marginal. Area unknown.
Surface marked by fine, concentric strise and fines of growth and very fine, irregular, con-

centric strife that inosculate so as to give a granulose or pitted surface when seen by a strong

lens. The inner surface of the ventral valve shows fine radiating lines in some specimens.

The shell is buUt up of several thin layers or lamellae of a calcareocorneous character. The

o The synonymy for this genus does not give a complete record of the various genera under which the species now included in Acrothyra were
fonneriy placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed: Acrotreta Matthew [1899b, p. 203; 1902b, pp. 390 and 391; 1903, pp. 73 and 95].
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dorsal valve is usually thicker than the ventral valve, and its inner lamellae are arranged

more oblique to the outer layer.

The cast of the ventral valve indicates a small apical callosity penetrated by a slender

pedicle tube. The main vascular sinuses are almost straight from the apex far out toward the

anterolateral portion of the valve; in the short valves they diverge quite rapidly, but in the

elongated valves they leave but a narrow space for the visceral area. From the anterior margin

of the apical callosity two narrow ridges extend well forward and then curve outward and inward

to meet about a central depression or pit that occupies the same relative position as the central

depression of the visceral cavity in Oholus and its subgenera. The cardinal scars have not been

observed. The interior of the dorsal valve is strongly concave. A slight median ridge is seen

in some specimens and in others it is very difficult to determine its presence except in the pos-

terior third of the shell, where it is often very strong. On each side of the median ridge there

is usually a rather deep groove in which, at about one-third the distance from the posterior to

the front margins of the valve, the central muscle scars occur; the cardinal scars are clearly

defined on each side of the median ridge near the posterior margin.

Type.—Acrotreta proavia Matthew.

Ohservations.—This genus is intimately related to Acrotreta and except for the presence in

some species of a well-marked visceral area of a type not known in Acrotreta there would be

difficulty in assigning more than a subgeneric value to it. Matthew [1901b, p. 303] considers

that the mode of occurrence of the ventral valve indicates a difference from Acrotreta, but in the

large collection made hj Loper the ventral valve of Acroihyra lies on the long side of the cone,

the aperture being up; tliis is the position the shell would take in settling down on the bottom

when the animal was out of the shell and the dorsal valve detached. I have found hundreds of

specimens of the ventral valve of Acrotreta idahoensis Walcott and A. attenuata Meek lying on

the upper surface of layers of limestone in situ, in just the same positions as those taken by

Acrothyra proavia (Matthew).

Four species of the genus are known to me: Acrothyra proavia (Matthew), A. signata

Matthew, A. sera (Matthew), and A. mmor Walcott. Matthew [1902a, pp. 381-390] has described

a number of varieties of the two Acadian species. Jn the case of the varieties of A. proavia I

find that there is such a gradation of form and character between the varieties that they are of

little value. In A. signata the varieties prima and orta are apparently distinctive.

After a thorough comparison of Matthew's types of Acrothyra signata sera, Acrothyra signata

tarda, Acrotreta papillata and varieties prima and lata, a.nd a large series of specimens from the

same locality and stratigraphic horizon, I have identified the four forms as Acrothyra sera.

There is such a gradation in size and shape of the visceral area and exterior of the ventral valve

that it does not appear practicable to draw lines establisliing varieties and species. The gradation

of characters between Matthew's Acrothyra signata sera and his Acrotreta jiapillata also practically

brings together Acrothyra and Acrotreta. An attempt is made on Plate LXXX to show some of

the gradations in the form of the visceral area (figs. 6d, 6e, 5a, 6f, 6g, 6h, and 6a).

Matthew [1902a, p. 381] assigns importance to the stratigrapliic position of the specimens

he has referred to species and varieties. Tliis does not appear to hold good in the large collec-

tions made by Loper. Most of the varieties in form and robustness occur at the horizon of

Acrothyra sera and those assigned to A. proavia at its horizon. This makes it difficult to give

the same importance to the variations that Matthew [1902a, pp. 381-390] does in his descriptions.

The latter are presented in great detail and should be consulted by those interested in this genus

or in the Acrotretidss.

Matthew [1901c, pp. 93-107] has made some most interesting and suggestive observations

on the resemblance of the more elongated forms of Acrothyra to some species of Hyolithes, sugges-

tions to which the student of the Brachiopoda should give careful consideration.
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ACEOTHYKA MINOR Walcott.

Text figure 59; Plate LXXVI, figures 4, 4a-b.

Acrothyra minor Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 303. (Characterized as below as a new species.)

This species differs from others referred to the genus by its broad form and very strong

vascular sinuses. The elevated callus between the sinuses is high and oval in outline, some-

what like that of Acrotreta inflata (Matthew). It maj^ be that this species

belongs to a different genus, but with the material available for study it

is referred to Acrotliyra on account of its low overhanging false area and
elongate visceral area.

Formation and locality.—Middle Cambrian: (5b and 54s) a Dark blue-gray Langston

limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic sandstones, north side

of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County, ^"^™^, ^^T'^f™'*/™
?™°''

-J
'

' ^ ' '
- J) Walcott. A, A', Exterior

-Laano. and side views of a ven-

tral valve from Locality

I

Acrothyra proavia (Matthew). s*^' ^'^°"t 2 miles (3.2

\
^' km.) southeast of Malade,

Plate LXXV, figure 3; Plate LXXVI, figures 3, 3a-u. . ctfNo.^52061)!'''*'

^''''

Acrotreta proavia Matthew, 1899. Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 3, No. 19, p. 203, PI. Ill, figs. 2a-f.

(Described and discussed as a new species.)

Acrothyra proavia prima Matthew, 1901, idem, vol. 4, pt. 4, No. 19, figs. 1-6, p. 303. (No mention of this species is

made in the text, which is a description of the genus Acrothyra, but the variety is figured for the first time. The
specimen represented by fig. 1 is redrawn in this monograph, PI. LXXVI, fig. 3.)

Acrgthyra proavia Matthew, 1902, idem, vol. 4, pt. 5, No. 20, pp. 386-388, PI. XIV, figs. 2a-g and 3a-f. (Described
and discussed. Figs. 2a-f are copied from Matthew, 1899, PL III, figs. 2a-f.)

Acrothyra proavia prima Matthew, 1902, idem, p. 389, PI. XIV, figs. 4a-f. (Described. Figs. 4a-f are copied from
Matthew, 1901b, figs. 1-6, p. 303.)

Acrothyra proavia crassa Matthew, 1902, idem, pp. 389-390, PL XIV, figs. 5a-c. (Described and discussed as a new
variety.)

Acrothyra proavia Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, pp. 53-55, 57, and 59.

(Notes on orientation of shells.)

Acrothyra proavia prima Matthew, 1903, idem, p. 58. (Notes on orientation of shells.)

Acrothyra proavia prima Matthew, 1933, idem, figs. 1-6, p. 86. (Figs. 1-6 are copied from Matthew, 1901b, figs. 1-6,

p. 303.)

Acrothyra proavia prima Matthew, 1903, idem, p. 93, PL II, figs. 4a-f. (Text and figures copied from Matthew, 1902a,

p. 389, PL XIV, figs. 4a-f.)

Acrothyra proavia crassa Matthew, 1903, idem, p. 94, PI. II, figs. 5a-c. (Text and figures copied from Matthew, 1902a,

pp. 389-390, PL XIV, figs. 5a-c.)

The generic description is founded on this species and gives all of its principal characters.

Matthew refers to several varieties of tliis species and [1901b, p. 303, and 1902a, p. 389] names
two of them, prima and crassa. Loper's collection shows a great variation in the form and out-

line of the valves, particularly the ventral, that appears to include the varieties described by
Matthew. The typical form of A. jwoavia is illustrated by Plate LXXVI, figures 3a, 3b, and
3c; the variety prima by figure 3, and the variety crassa by figures 3e and 3f. The gradations
in form between the typical form and its varieties may be traced by the figures on the plate,

and by a study of the large series of specimens in the collections.

The height of the posterior side or false area has been found one-third, one-half, and about
three-fifths of the length of the anterior slope from the apex to the margin. The wide variation

appears to be due very largely to compression and distortion in the sediment.

Acrotreta gemmula Matthew occurs in association with this species, and this leads to confu-

sion of the dorsal valves of the two species unless care be taken to distinguish them. The A.
gemmula shells are rare, and the shell is thinner, which gives less strongly marked interiors, and
less convexity to the outer surface. The dorsal valve of Acrothyra proavia is convex, strong,

and deeply marked by the grooves made by the main vascular smuses.

«5b is the type locality.
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Acroihyra proavia differs from A. signata Matthew, which occurs about 200 feet lower in

the strata of the same section, in having usually a narrower, more elongate visceral cavity, and
stronger callosit}^. These features, however, vary in specimens of A. proavia associated in the

sarnie hand specimen of shale.

Formation and locality.—Hiddle Cambrian: (3i) Compact, fine-grained, thin-bedded gray sandstone of the

Paradoxides zone, on McLean Brook, 1 mile (1.6 km.) east of McCodrum Brook and 1.5 miles (2.4 km.) west of Marion

Bridge; (13m) sandstones of Division E3f of Matthew's [1903, p. 76] Etcheminian, on Gillis Brook, Indian River;

and (344] [Matthew, 1903, p. 91]) Division E3e of Matthew's Etcheminian, on the highway at V. McPhees; all in

eastern Cape Breton, Nova Scotia.

(lOp) Sandstone just below the waterfall in Dugald Brook, Division E2b; (10c[) sandstones a little above lOp in

Division E2b; (13e) sandstones of Division E2c; (131 and 3441 [Matthew, 1903, p. 80]) sandy shales of Division E3a;

(13n'' and 344b [Matthew, 1903, p. 91]) sandstones of Division E3d; (13n') sandstones of Division E3e; (344a {Matthew,

1902b, p. 422]) sandy shales of Divinon ESc; and (344d [Matthew, 1903, p. 82]) sandy shales of Division E3f; all in Mat-

thew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

,/ ACEOTHYEA SERA (MattllCw)

.

Plate LXXX, figures 4, 4a-c, 5, 5a-d, 6, 6a-i, 7, 7a-b, 8?.

Acroihyra {signata) sera Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 383-384, PI.

XIII, figs. 3a-f . (Described and discussed as a new variety. The specimen represented by fig. 3c is redrawn

in this monograph, PI. LXXX, fig. 4c.)

Acroihyra signaia-iarda Matthew, 1902, idem, pp. 384-385, PL XIV, figs. la-d. (Described and discussed as a new
variet}'.)

Acrotreta papillaia Matthew, 1902, idem, pp. 390-391, PI. XV, figs. 2a-f . (Described as a new species. Iffthe descrip-

tion of PI. XV the legend for figs, la-c appears as the legend for figs. 2a-c, and the legend for figs. 2a-f as the

legend for figs, la-f; the specimens represented by figs, la-c (on the plate) are referred to Acrotreta papillata

prima; and the specimens represented by figs. 2a-t (on the plate) are referred to Acrotreta papillata. The
description of plate is in error, the correct reference being as given in this synonymy. The specimen represented

by figs. 2a and 2b is redrawn in this monograph, PL LXXX, figs. 6 and 6'.

Acrotreta papillata var. Matthew, 1902, idem, p. 391, PL XV, figs. 3a-c. (Described. The varietal name lata is

given to this form in the description of PL XV.)

Acrotreta papellata-prima Matthew, 1902, idem, pp. 391-392, PL XV, figs. la-c. (Described and discussed as a new
variety. The thu-d reference explains error in description of plate.)

Acrothyra signata sera Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 56. (Notes on
the orientation of the shells.)

Acrotreta papillata-prima Matthew, 1903, idem, pp. 73-74, PL III, figs. la-c. (Mentioned as a new variety, but
copies the original text and figures, Matthew, 1902a, pp. 391-392, PL XV, figs. la-c. The same error occurs in

the description of PL III as occurred in the description of PI. XV; see the third reference.)

Acrothyra signata sera Matthew, 1903, idem, pp. 87-88, PL I, figs. 3a-f. (Text and figures copied fromMatthew, 1902a,

pp. 383-384, PL XIII, figs. 3a-f.)

Acrothyra signata-tarda Matthew, 1903, idem, p. 89, PL II, figs. la-d. (Text and figures copied from Matthew, 1902a,

pp. 384-385, PL XIV, figs, la-d.)

Acrotreta papillata Matthew, 1903, idem, p. 95, PL III, figs. 2a-f . (Text and figiu-es copied from Matthew, 1902a, pp.
390-391, PL XV, figs. 2a-f. The same error occm's in the description of PL III as occurred in the description

of PL XV; see the thii-d reference.)

Acrotreta papillata lata Matthew, 1903, idem, pp. 95-96, PL III, figs. 3a-c. (Text and figures copied from Matthew,

1902a, p. 391, PL XV, figs. 3a-c.)

Acrothyra sera differs from A. signata in the form of the visceral area and callosity, straighter

and nearly vertical posterior side. It is usually more elongate. Matthew [1902a, p. 383] placed

it as a variety of A. signata, but its characters appear to justify giving it the rank of a species.

A gradation m length, breadth, depth, and outline of the ventral valve and its visceral

area is found in specimens from the same bed of rock, that bring together Acrothyra signata seror

and tarda and Acrotreta papillata and its varieties lata and prima. Matthew [1902a, pp. 383-385,

390-392] based the above-mentioned species and varieties on differences in form of the ventral

valve and its visceral cavity and callosity. With his type specimens before me, and the large

series of specimens collected by Loper from Matthew's Division 1, assise d, and from Division 2,

between assise a and b, it is impossible for me to consider that more than one variable species

is represented. As the name sera is first in order in the original publication, it is retained for

the species. Also see notes under genus Acrothyra, pages. 715-716.
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Formation and locality.—Middle Cambrian: (lOp') Sandstone 0.25 mile (0.4 km.) from the lower bridge on

Gregwa Brook, Indian River; (lOp") sandstone on the small brook on the hill between the bridge over Indian River

and McPhees Brook; (13k) shales of Matthew's [1903, p. 15] Coldbrook, above the great fall in Dugald Brook, Indian

River; and (344e [Matthew, 1903, p. 78]) shales of Division Eld of Matthew's [1903, pp. 28 and 29] Etcheminian, on

Boundary Brook, eastern side of the Escasonie Indian Reservation; all in eastern Cape Breton.

(344g [Matthew, 1903, p. 77]) Shales of Division Elc; (13t") sandstones of Divisions Elc and Eld; (13f) sandstones

20 feet (6 m.) above Division E2a; (ISd') sandstones opposite the third waterfall in Dugald Brook, between Divisions

E2a and E2b; (lOp) sandstones just below the waterfall in Division E2b; and (13e) sandstones of Division E2c; all in

Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

Shells somewhat doubtfully referred to Acrothyra sera occur at the following localities

:

Middle Cambrian: (13p) Sandstones 40 feet (12.2 m.) above Division E2a; and (13p') sandstones 45 feet (13.6 m.)

above Division E2a; both in Matthew's [1903, p. 21] Etcheminian, on Dugald Brook, Indian River, eastern Cape

Breton, Nova Scotia.

Acrothyra signata Matthew.

Plate LXXX, figures 1, la-d.

Acrothyra signata Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp.' 381-382, PI. XIII,

figs. 2a-e. (Described and discussed as a new species, see below for copy of the greater part. The specimens

represented by figs. 2b and 2c are redrawn in this monograph, PI. LXXX, figs. 1 and Id, respectively.)

Acrothyra signata Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 87, PL I, figs. 2a-e.

(Text and figures copied from preceding reference.)

Matthew's description [1902a, p. 381] of the interior of the two valves is as follows:

There is a strong narrow callus, one-third of the length of the valve, bounded by a raised ridge at the sides and in

front; at the front of this callus is an oval pit, from which a groove runs backward nearly to the apex of the shell, where

it is supposed to connect with the foramen. Outside the callus, on each side, near the margin of the valve, are len-

ticular marks of the lateral muscles. About the middle of the valve the position of the anterior adductors is indicated

by a faint impression of the lozenge or "heart-shaped " depression. * * *

* * * This shows a sharp, thin, median septum for haU of the length of the valve. This ridge is broader and

more distinct at the front; at each side are lateral obscure ridges, diverging from the umbo. Outside of these ridges

are the lenticular imprints of the lateral muscles.

The only modification to be made is in leaving out the word "narrow" before "callus"

in the description of the ventral valve. The callosity is strong and relatively broad.

Among the type specimens received from Doctor Matthew one ventral valve is elongate,

like the type figured by him. Two other ventral valves are shorter, like our figures 1, la-b.

The dorsal valves are similar in the material received from Doctor Matthew and that illustrated

by him, and in the collection made by Mr. S. Ward Loper.

A. signata differs from A. proavia (Matthew) in the less elongate, narrow visceral cavity

and apical callosity of the ventral valve. It occurs at about 200 feet lower in the strata, accord-

ing to Matthew, who [1903, pp. 23-27] gives a detailed section of the beds and lists of fossils

occurring at each faunal zone.

Matthew [1902a, p. 382] found this species in his Division Elb. Loper collected it from

Matthew's Division Eld; also in abundance between Divisions E2a and E2b on Dugald Brook.

Formation and locality.—Middle Cambrian: (13t) Sandstones at the base of Division Elb; (344k [Mattheio,

1903, p. 77]) sandstones of Division Elb; (13f) sandstones of Divisions Elc and Eld; (13d') sandstones opposite the

third waterfall in Dugald Brook, between Divisions E2a and E2b; (lOp) sandstones just below the waterfall in Divi-

sion E2b; all in Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

^ Acrothyra signata orta Matthew.

Plate LXXX, figures 3, 3a-b.

Acrothyra signata orta Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 385-386, PL
XIII, figs. 4a-f. (Described and discussed as a new variety. The specimens represented by figs. 4a and 4c

are redrawn in this monograph, PL LXXX, figs. 3a and 3b, respectively.)

Acrothyra signata orta Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 89-90, PL I,

figs. 4a-f. (Text and figures copied from the preceding reference.)

A. signata orta differs from A. signata Matthew in its more elongate form and narrow

visceral area, characters that place the variety near A. proavia (Matthew). Its shorter visceral

area distinguishes it from A. proavia. In the absence of specimens showing the interior of

the ventral valve there is no way of distinguishing A. proavia from A. signata orta.
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Formation and locality.—Middle Cambrian: (13d") Sandstones 10 feet (3 m.) below Division E2a; (lOp)

sandstones just below the waterfall in Division E2b; and (3441 [Matthew, 1903, p. 90]) sandstones of Division E2e; all

in Matthew's [1903, p. 21] Etcheminian, Dugald Brook, Indian River, eastern Cape Breton, Nova Scotia.

\ ACEOTHYEA SIGNATA PEIMA MattlieW.

Plate LXXX, figiu-es 2, 2a-b.

Acroihyra signata prima Matthew, 1902, Bull. Nat. Hist. Soc. New Brunswick, vol. 4, pt. 5, No. 20, pp. 382-383, PI.

XIII, figs. la-g. (Described and discussed as a new variety. The specimens represented by figs, lb and Ic

are redrawn in this monograph, PI. LXXX, figs. 2 and 2b, respectively.)

Acroihyra signata prima Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 73, PL I,

figs. la-g. (Text and figures copied from the preceding reference.)

The material representing this shell is in poor condition, but sufficient evidence of the

form and interior characters of the ventral valve is preserved to show that it differs from

A. signata Matthew in its subconical form, and in the shorter and proportionally broader visceral

area. It is very difficult to find any clearly defined distinction between some specimens of

Acroihyra sera Matthew and A. signata prima, as the latter shows ventral valves quite as regu-

larly conical as the former. One of Matthew's type specimens shows a much higher apex on

the ventral valve than his figure 3c [1903, PI. I]; another with the apex broken off shows a

cast of the visceral cavity much like that in Plate LXXX, figure la (A. signata Matthew).

Matthew [1902a, p. 383] found the types of this species in a fine gray shale interbedded

in the volcanic beds. The associated fossils clearly indicate that the fauna is essentially the

same as that which follows higher in the strata.

Formation and locality.—Middle Cambrian: (13k) o Shales of Matthew's [1903, p. 15] Coldbrook, above the

great waterfall in Dugald Brook, Indian River, Cape Breton, Nova Scotia.

Genus DISCINOPSIS Matthew. 6

[3kKoc, quoit; and ^ip, face.]

Discinopsis (Matthew MS.) Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp.
250-251. (Described.)

Discinopsis Matthew, Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 566-567-

(Copy of preceding reference.)

Discinopsis Matthew, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 105-106. (De-

scribed and discussed as a new genus.)

Discinopsis Matthew, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 146. (Classifi-

cation of genus.)

All that is known of this genus is incorporated under the description of the type species.

Type.—Acrotreta? gulielmi Matthew.

i, Discinopsis gulielmi (Matthew). *

Plate LXXXII, figures 5, 5a-c.

Acrotreta? gulielmi Matthew, 1886, Trans. Roy. Soc. Canada for 1885, 1st ser., vol. 3, sec. 4, No. 4, pp. 37-39, PL V,

figs. 14, 14a-e. (Described and discussed as a new species; see below for copy. The specimen represented by
figs. 14c and 14d is redrawn in this monograph, PL LXXXII, fig. 5. Figs. 5a-c of this monograph are drawn
from specimens in the type material, but none of them can be identified with Matthew's figures.)

Discinopsis gulielmi (Matthew), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891,

PL III, figs. 20 and 21. (Fig. 20 is drawn from the specimen figured by Matthew, 1886, PL V, figs. 14c and
14d. Fig. 21 is drawn from one of Matthew's type specimens, and the same specimen is redrawn in this mono-
graph, PL LXXXII, fig. 5a, but the specimen can not be identified with any of, Matthew's figures.)

Discinopsis gulielmi (Matthew), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 105,

PL III, figs. 20-24. (Discussed. Figs. 20 and 21 are copied from figs. 20 and 21 of the preceding reference.

The remaining figures are drawn from specimens in Matthew's type material. Figs. 21, 22, and 23 represent

specimens which are redrawn in this monograph, PL LXXXII, figs. 5a (=21 and 22) and 5c (=23), but it is

impossible to identify the specimens with Matthew's figures.)

The original description by Matthew follows:

Shell subcircular in outline. Surface depressed-conical, apices eccentric, not marginal. Pedicle valve with

the apex truncated by a circular foramina! aperture (?). The interiorof this valve is characterized by a pan- of deep,

a 13k is the type locality, though the specimens represented by that number in the United States National Museum collections were collected

later than the type specimens.
!> Prioi to the definition of the genus Discinopsis the type species was referred to Acrotreta? [Matthew, 1886, p. 37].
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diverging furrows, passing forward from the beak or internal foraminal opening, in broad curves which converge toward

the anterior margin but without meeting. These furrows inclose a thickened and somewhat elevated central area,

which, in the subumbonal region, is apparently free, projecting for a short distance, like a narrow, triangular shelf,

beneath which the foramen probably opened. The interior opening of the foramen is, however, not apparent on

any of the specimens examined, for, as usually preserved, the matrix has adhered to this subapical cavity, and in

a single example only is the shelf-like character of the median area distinctly demonstrated. A faint longitudinal

ridge passes from the apex of the shelf to the anterior margin, but no other markings are discernible on the interior-

except faint radiating or slightly undulating, probably vascular lines.

The interior of the brachial valve, as far as known, shows no other characters than the radiating lines, which

appear to belong to the ornamentation of the outer surface.

Shell substance tenuous, apparently corneous. External surface covered with more or less prominent, some-

times lamellose concentric growth lines, crossed by fine, gently cmved, radiating strise which are usually more promi-

nent when the concentric lines are exfoliated.

Observations.—The interior of the ventral valve of this species is not unhke that of Acro-

thele. (Compare PL LXXXII, fig. 5a, with PI. LX, figs. If and 2.) It is not like that of

.Acrotreta sagittalis taconica (PI. LXXI). I have not been able to find an apical shelf in the

type specimens or other specimens. The material representing D. gulielmi is compressed in

the shale, so that the apical callosity is more or less compressed and distorted. The dorsal

valve, with its eccentric apex, is unhke Acrothele or any other of the genera of the Acrotretidse:

With our present information, Disdnopsis is referred to the Acrotretidee and nearest to

Acrothyra.

I have not discussed the description and conclusions of Matthew [1886, p. 37], as neither

Hall and Clarke nor I could find the muscle scars described and illustrated by him. The
student should carefully read Matthew's description and observations, as there is much oppor-

tunity for difference of opinion of minute shells compressed in shale.

Formation and locality.—Middle Cambrian: (301g [Matthew, 1886, p. 39]) Sandstones of Division Ic of Mat-

thew; (308h) shales of Division Icl; and (301w) shales of Division lc2; all at Portland (now part of the city of St.

John), St. John County, New Brunswick.

DisciNOPsis? suLCATus Walcott.

-
Plate LXXXII, figure 6.

Craniella f? sp., Walcott, 1905, Proc. U. S. Nat. Mus., vol. 29, pp. 4 and 6. (Listed.)

Disdnopsis sulcatus Walcott, 1906, idem, vol. 30, pp. 568-569. (Desciibed and discussed as below as a new species.)

This species is based upon the cast of the interior of a small ventral valve that in its

interior markings closely approaches the interior of the ventral valve of Disdnopsis gulielmi

(Matthew).

The interior cast shows that the ventral valve was subcircular in outKne, moderately

convex, and with the apex probably perforated by a small, circular, foraminal aperture. In

front of the cast of the base of the foraminal aperture there is a broad depression that extends

to the front margin; on each side of the central depression an elongate, slightly depressed

area extends forward and outward from near the base of the cast of the foraminal aperture,

along the ridge on each side of the median depression; back of the base of the foraminal aper-

ture there is a narrow, short, arched furrow that indicates the presence of a corresponding

ridge on the interior of the shell. No other markings are shown on the cast, except the faint

outhne of what may have been the visceral area, on the median hne in front of the base of

the foraminal aperture and between the broad vascular sinuses.

Observations.—This species is referred to the genus Disdnopsis as the result of comparison

with specimens of the interior of a ventral valve of D. gulielmi (Matthew). One interior of

the latter species has scars much hke those shown in D.9 sulcatus.

This form has a sulcate ventral valve, hence the specific name.

Formation and locality.—TJpper Cambrian: (C56) Lower part of the Chaumitien limestone, 25 feet below

the top of Pagoda Hill [Blackwelder, 1907a, p. 42 (part of last list of fossils)], 1 mile (1.6 km.) west of Tsinan,

Shantung, China.

62667°—vol 51, ft 1—12 46
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Superfamily DISCINACEA Waagen.

FamUy DISCINID^ Gray.

Genus ORBICULOIDEA d'Orbigny.

For synonymy, description, and discussion of this genus the student is referred to the

memoir of Hall and Clarke [1892c, pp. 120-137]. The genus has been recently classified [Wal-

cott, 1908e, PI. XI, and pp. 142 and 147].

Two Upper Cambrian species are tentatively referred to the genus: 0. varians (Barrande)

and 0. contraria (Barrande), and one Middle Cambrian species, 0. pileolus (Salter).

Orbiculoidea contraria (Barrande).

Plate LXXXI, figure 9.

Discina contraria Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, p. 104, fig. 72. (Described

in French, as a new species; see below for translation. Fig. 72 is copied in this monograph, PL LXXXI, fig. 9.)

Genre? sp. nebulosa Barrande, 1868, idem, pp. 105-106, fig. 69. (Described and discussed in French as a new
species.)

Discina contraria Barrande, 1868, Neues Jahrb. fiir Mineralogie for 1868, pp. 692-693, xmnumbered plate, fig. 72.

(Copied from Barrande, 1868a; p. 104, fig. 72.)

Genre? sp. nebulosa Barrande, 1868, idem, pp. 693-694, unnumbered plate, fig. 69. (Copied from Barrande, 1868a,

pp. 105-106, fig. 69.)

Discina contraria Barrande, Pompeckj, 1896, Tremadoc Fossilien bei Hof, p. 4. (Occurrence mentioned in German.)

The original description by Barrande foUows:

This form, decidedly transverse, contrasts with the preceding, which is elongated. It also forms an ellipse, which,

however, is truncated on the larger side. The shell presents only a slight bulge. The summit is placed somewhat

beyond the center, going toward the truncated edge. Starting from the summit, the surface forms an inclined plane

up to the contour. The perforation is linear and very short. The shell, partly preserved, presents very marked con-

centric striae, at unequal intervals.

Longitudinal diameter, 6 mm.; transverse diameter, 9 mm.

Observations.—Pompeckj [1896a, p. 4] states that this species was found much more

frequently than 0. varians (Barrande), and that rather convex shells, 10 mm. long and 12 mm.
broad, were not rare.

The generic relation of this species is doubtful. It is not Discina, nor from the evidence

available can it be referred without question to Orbiculoidea.

Pompeckj, in reply to my inquiry as to whether he had identified "Genre? nebulosa" of

Barrande, wrote as foUows imder date of August 7, 1906:

As to the nebulosa by Barrande (Faune silurienne des Environs de Hof, fig. 69) I find in notes made on the Barrande

originals (in the collection of the Oberbergamt-Munich) that "nebulosa" is to be identified with Barrande's Disdna

contraria, 1. c, figure 72. Both are pedicle valves of Discina with the characteristic perforation of that family below

the apex. Both figures are incorrectly given. The two sharp lines radiating from the apex in figure 69 are only caused

by pressure of the somewhat high shell, and in figure 72 the concentric strise are indeed much more delicate than in

the figures which represent an interior cast only, with bits of the shell in the upper part, i.e., near the hinge line.

Exact determination of these shells is very difficult; most of them (I saw more than a hundred) are compressed,

crumpled, deformed, very seldom the apical region is clearly to be seen; shell rarely preserved; but there is indeed no

doubt that they must belong to the Discinidse on account of the "Schlitz" below the apex. There is no sharp differ-

ence between the rounded form, named Discina varians by Barrande, and between the larger and wider form, D.

contraria, or nebulosa.

Formation and locality,—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

lS68a, p. 104]) suburbs of Hof; and (303f [Pompeckj, 1896a, pp. 7 and 8]) railway cut near Schellenberg, a little distance

back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.

Orbiculoidea pileolus (Hicks MS.) (Salter).

Plate LXXXI, figures 11, 11a.

Discina pileolus (Hicks MS.) Salter, 1866, Kept. British Assoc. Adv. Sci. for 1865, p. 285. (Mentioned.)

Discina pileolus Salter, Davidson, 1868, Geol. Mag., vol. 5, pp. 312-313, PL XVI, figs. 11-12. (Described and dis-

cussed; see p. 723 for copy of description. Figs. 11a and 12a are copied in this monograph, PL LXXXI,
figs. 11 and 11a, respectively.)



DISCINID^. 723

Disdna pileolus Salter, Davidson, 1871, British Fossil Brachiopoda, vol. 3, pt. 7, No. 4, p. 344, PL XLIX, figs. 41^2.
(Original description, Davidson, 1868, pp. 312-313, copied. Figs. 41 and 42 are copied from Davidson, PI. XVI,
figs. 12 and 11, respectively.)

Not Disdna pileolus? Hicks, 1871, Quart. Jour. Geol. Soc. London, vol. 27, pt. 1, PI. XV, figs. 12 and 12a. (Referred

in this monograph to Stenotheca.)

Orbiculoidea pileolus (Salter), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 137. (Changes

generic reference.)

The original description by Davidson [1868, p. 312], follows:

Shell very small, circular or slightly longitudinal oval, rather broader anteriorly; about two and a half lines in

length and a little less in breadth. Dorsal valve conical. Ventral valve slightly convex, depressed near the margin;

vertex in both valves at a short distance from the center, as also the foramen (?) in the ventral valve. Surface marked
with concentric lines, which are more strongly marked in the ventral valve. Interior not known.

I have not been able to secure specimens of this interesting shell, so can not add any per-

sonal observations upon it. Hall and Clarke [1892c, p. 137] suggest its reference to Orbiculoidea

and in this, from our present information, I concur. As they have pointed out, it is the oldest

representative of the genus.

Hicks [1871, PL XV, fig. 12] illustrates a depressed conical shell from the "Red" beds at the

base of the "Purple" rocks, about 3,000 feet below the base of the Middle Cambrian "Menevian
group" as "Disdna pileolus." Later [1881, p. 297] he calls the species "Disdna casrfaiensis."

To me the shell is more suggestive of the gastropod genus Stenotheca than of a brachiopod

and until I can obtain better material it will be so referred.

Formation and locality.—Middle Cambrian: (318e) Lower portion of the Menevian at Camlan, North Wales;

(318d) sandstones in the middle portion of the Menevian at Porth-y-rhaw, St. Davids, South Wales; (318p) sandstones

in the middle portion of the Menevian at Ninewells, near St. Davids, South Wales; (318q) yellowish-gray beds in the

Harlech group, on the road between Solva and Whitechurch, St. Davids, South Wales; and (318r) sandstones in the

middle portion of the Menevian at Solva Harbor, St. Davids, South Wales; all [Davidson, 1871, pp. 344 and 345] in

Wales.

Orbiculoidea varians (Barrande).

Plate LXXXI, figure 8.

Disdna variant Barrande, 1868, Faune silurienne des environs de Hof, en Bavifere, pp. 103-104, fig. 71. (De.

scribed in French as a new species. Fig. 71 is copied in this monograph, PL LXXXI, fig. 8.)

Disdna varians Barrande, 1868, Neues Jahrb. fiir Mineralogie for 1868, p. 692, unnumbered plate, fig. 71. (Copy
of preceding reference.)

Disdna varians Barrande, Pompeckj, 1896, Tremadoc Fossilien bei Hof, p. 4. (Occurrence mentioned in German.)

The original description by Barrande follows:

The form of this species is always elongated, but in proportions varying somewhat with the individuals. The
surface is slightly arched. The summit is somewhat beyond the center of the figure, which is an ellipse, slightly

truncated at the small end near the perforation. The perforation is linear and less than 1 mm. in length. The frag-

ments of the shell that remain present traces of fine concentric strise. The imperforate valve has not been observed.

Length, 6 mm.; breadth, 5 mm.

Ohservations.—I am not able to add to the above description. It is evident that the species

is not a Disdna, as that genus is now understood, but with only a single figure and the above

description it is not practicable to make a satisfactory generic reference. The subcentral apex

with the elongate slit back of it, is more suggestive of Orhiculoidea than any other genus of the

lower Paleozoic fauna.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

1868a, p. 103]) suburbs ofHof; and (303f [Pompeckj, 1896a, pp. 7 and 8]) railway cut near Schellenberg, a little distance

back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.
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Superfamily CRANIACEA Waagen.

Family CRANIID^ King.

Genus PHILHEDBA Koken."

Philhedm Koeen, 1889, Neues Jahrb. fiir Mineralogie, Beilage-Band 6, Hft. 3, p. 465. (Discussed in German as a

new genus.)

Philhedra Koken, von Huenb, 1899, Neues Jakrb. fur Mineralogie, Bd. 1, pp. 146-147. (Described and discussed in

German. See below for translation of diagnosis.)

Philhedra Koken, von Huene, 1899, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser., Bd. 36, Lief. 2, pp.

216-218 (list of species referred to Philhedra), and pp. 297-298. (Described and discussed in German.)

Philhedra Koken, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 147. (Classification

of genus.)

The emended diagnosis of the species by von Huene follows:

Inequivalve, with the flat ventral shell attached. Dorsal shell subconical to bowl-shaped, frequently irregularly

bent; the concentric growth lines are mostly crossed by radial ribs or rows of prickles; without limbus. Anterior

occlusors larger than posterior occlusors.

Type.—Patella rivulosa Kutorga.

Von Huene, in his memoir on the Silurian Craniidae [1899b, pp. 181-359], redefines the genus

Philhedra of Koken, and considers P. columbiana (Walcott) as its oldest representative. The
student who wishes to pursue the study further should read von Huene's memoir on the SHurian

Cramidse [1899b, pp. 181-359] and his "Systematik der Craniaden" [1899a, pp. 138-151].

Philhedra columbiana (Walcott).

Plate LXXXI, figure 10.

Crania? columbiana Walcott, 1889, Proc. U. S. Nat. Mus. for 1888, vol. 11, p. 441. (Described and discussed as a

new species.)

Crania? columbiana Walcott, von Huene, 1899, Neues Jahrb. fiir Mineralogie, Bd. 1, p. 141, footnote. (Mentioned.)

Philhedra? columbiana (Walcott), von Huene, 1899, Verhandl. Russ.-kais. min. Gesell. St. Petersburg, 2d ser., Bd. 36,

Lief. 2, pp. 216 and 298. (Mentioned.)

Crania columbiana Walcott, Matthew, 1902, Trans. Roy. Soc. Canada for 1902, 2d ser., vol. 8, sec. 4, No. 3, pp. 108-109.

(Copies the original description, Walcott, 1889c, p. 441.)

Philhedra columbiana Walcott, 1908, Canadian Alpine Jom-n., vol. 1, No. 2, PL I, figs. 5 and 5a. (No text reference.

Figs. 5 and 5a are copied in this monograph, PL LXXXI, figs. 10 and 10', respectively.)

Shell small, subcircular, or a little longer than wide, subconical with the apex slightly

eccentric. Outer surface exfoliated; the inner layer of the shell appears to have been com-

posed of a calcareocorneous substance; it is marked by from 40 to 45 fine ribs that radiate

from the apex to the margin. Diameter about 2 mm. When preparing this monograph I

carefully examined the original specimen, removed a little of the attached matrix from the

outer margins and discovered traces of what appear to be minute spines radiating from the

margin.

Many collections from the type locality of this species have passed through my hands

from 1888 to 1906, but it was not until the summer of 1907 that another specimen was seen,

and then only two were found in the Ogygopsis zone of Mount Stephen. These are both crushed

and broken specimens of the inner side of the conical valve. There is a strildng similarity

in appearance between this shell and Crania Ixlia Hall and Clarke [1892c, PI. IV h, fig. 1] and

other similar forms.

The specific name is derived from British Columbia.

Formation and locality.—Middle Cambrian: (14s) About 2,300 feet (701 m.) above the Lower Cambrian and

2,700 feet (823 m.) below the Upper Cambrian, in the Ogygopsis zone of the Stephen formation [Walcott, 1908f, p. 210],

on the northwest slope of Mount Stephen, above Field on the Canadian Pacific Railway, British Columbia, Canada.

a The synonymy for this genus is not complete and does not even give a record of all the genera mider which the Cambrian species of Philhedra

has been placed; it gives only those references in which the genus is discussed or described. To complete the record for the species taken up in

this monograph tlie following mere references are listed:

Crania ? Walcott [18S9c, p. 441].
|

Crania Matthew [1902c, p. 108].

Crania? von Huene tl899a, p. 141]. I
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Order PEOTEEMATA Beecher.

[Tipi, early; and rp^/za, perforation.]

Superfamily ORTHACEA Walcott and Schuchert.

Family BILLINGSELLID^ Schucliert.

SutofamUy NISUSIIN^ Walcott and Scliucliert.

Genus NISUSIA Walcott.a

Billingsella Hall and Clarke (in part), 1892, Nat. Hist. New York, Paleontology, vol. 8, pp. 230-231. (Described

and discussed as a new genus. As described the genus includes species that are now referred to Nisiisia.)

Nisusia Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 247-248. (Described essentially as below as a new genus.)

Nisusia Walcott, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 210. (Characterized.)

Nisusia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 147. (Classification of genus.)

Form subquadrate to transversely semioval. Shell structure dense with a minutely

granular groundmass with minute pores penetrating some of the lamellae forming the shell.

The pores vary greatly in number and arrangement. Surface with narrow, radiating ribs

that support irregularly distributed spines on their crests.

Ventral valve elevated and usually much more convex than the dorsal, and in most species

a mesial sinus appears on it. Area high, vertical or inclined backward; delthyrium large and
partly closed with a convex deltidium; teeth strong and supported by dental plates that

extend outward, also inward, forming on the inside a shallow spondyhum. Dorsal valve

moderately convex with only a trace of a median elevation; usually the surface is convex, but
it may be slightly concave from the umbo to the margins; crura well developed, with the crural

plates extended so as to form a shallow cruralium. No traces of a cardinal process have been

observed in the dorsal valve.

Type.—Orthisina festiTiata Billings.

Oiservations.—A comparison of the area of the ventral valve of Nisusia with that of the

same valve in Billingsella shows in each a convex deltidium partly covering a large trian-

gular delthyrium. In Billingsella the upper extremity of the deltidium is perforate and it

is probably so in Nisusia, but on this point there is an uncertainty, as no specimen has been

found clearly showing the pedicle opening. It may be that the deltidium of Nisusia was per-

forate in the younger stages of growth and subsequently filled by shell growth. The strong

vascular sinuses of the ventral valve of Billingsella are absent in Nisusia, as well as the tripartite

division of the umbonal cavity. The interiors of the dorsal valves of the two genera show
marked differences. The cardinal process is well developed in Billingsella but not in Nisusia.

There is a small, shallow cruralium in Nisusia but none in Billingsella. The dorsal valve of

Nisusia has a clearly developed cruralium, but not any trace of a cardinal process. The ventral

valve of Billingsella shows a tendency to form a spondylium resting on the interior of the

valve, a character unltnown in Nisusia.

The general form of Nisusia is not unlike that of Billingsella except that its ventral valve

has a more erect beak and cardinal area. These comparisons include such species of Billingsella

as B. coloradoensis, B. plicatella, and B. exporrecta, but not B. dice (PI. CI, figs. 8, 8a-c). Of

Nisusia, they include N. festinata and some of the subgenus Jamesella, such as N. {J.) perpasta,

erecta, and amii.

Billingsella and Nisusia both occur in Lower Cambrian strata, but Billingsella has its

greatest development in the Middle Cambrian and Nisusia in the Lower Cambrian. It is not

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Nisusia were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed:

Orthisina de Verneuil and Barrande [1860, p. 533].

Orthisiita Billings [1861b, p. 10; lS61c, p. 949; 1862b,

p. lO.-i; 1862e, p. 221; 1863, p. 284].

Orthisina Mallada [1875, p. 32].

OrJfc'sma Walcott [188Bb, pp. 120 and 121; 18890,

p. 442; 1891a, p. 613].

Orthisiita Tate [1892, p. 1S5].

Billingsella Schuchert (1897, p. 158].

Orthisina Matthew [1902c, p. 109].
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probable that either genus is directly descendant from the other, but I think that both came
from an ancestor that Uved in early Lower Cambrian time and that Billingsella is further

advanced in its development than Nisusia.

NiSUSIA ALBERTA (Walcott).

Plate C, figui-es 3, 3a-d.

Orthisina alberta Walcott, 1889, Proc. U. S. Nat. Mus., vol. 11, p. 442. (Described as a new species.)

Billingsella alberta (Walcott), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 158. (Merely changes generic

reference.)

Orthisina alberta Walcott, Matthew, 1902, Trans. Roy. Soc. Canada, 2d ser., vol. 8, sec. 4, No. 3, p. 109. (Original

description, Walcott, 1889c, p. 442, copied.)

Nisusia alberta Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 248-249. (Described and discussed essentially

as below.)

Nisusia alberta Walcott, 1908, Canadian Alpine Jour., vol. 1, No. 2, p. 245, PI. I, figs. 4 and 4a. (No text reference.

Figs. 4 and 4a are copied in this monograph, PI. C, figs. 3c and 3d, respectively.)

Shell transversely suboval, front broadly rounded; the straight hinge line is shorter than

the full width of the valves. Surface of shell with numerous radiating ribs that increase by
interpolation; on a shell 19 mm. in width there are four ribs near the front margin in a dis-

tance of 3 mm. ; the ribs are rather narrow and sharp crested, the interspaces being wider than

the ribs. A cast of the outer surface of a shell in siliceous shales shows numerous strong spines

irregularly distributed on the ribs very much as in N. festinata (PI. C, fig. 3c).

Ventral valve elevated at the umbo and apex in some shells, convex and rounded over

toward the area in others; area varying in height in different shells, usually elevated and

overhanging the hinge line; it is divided by a strong delthyrium that is covered by a convex

deltidium of varying length, arched at its front margin and divided by longitudinal lines into

tliree parts.

Dorsal valve gently convex; area low, and a httle inclined over the hinge line; delthyrium

broad with a narrow chihdium. Casts of the interior show a broad, well-defined pseudo-

crurahum and just in advance of it the adductor muscle scars.

Ohservations.—This species recalls at once Nisusia festinata by its elevated ventral valve

and spinose surface; it differs from it by its transversely suboval outline, large umbonal muscle

cavity (pseudocrurahum) in the dorsal valve and sharp crested ribs. Nisusia {Jamesella)

perpasta has the general form and surface characters of tliis species. A marked difference is

caused by N. alberta occurring in a siliceous shaly matrix and N. (Jamesella) perpasta as casts

in a quartzitic sandstone, and the strong surface spines of N. alberta are sparingly represented

on the latter. A shell that appears to be identical with tliis species occurs at about 1,600

feet above the base of the ]\iiddle Cambrian terrane in Utah.

The specific name is derived from Alberta, Canada.

Formation and locality.—Middle Cambrian: (14s) About 2,300 feet {701 m.) above the Lower Cambrian and

2,700 feet {823 m.) below the Upper Cambrian in the Ogygopsis zone of the Stephen formation [Walcott, 1908f, p. 210], at

the 'fossil bed," on the northwest slope of Mount Stephen; and (35k) Burgess shale member of the Stephen formation on

the west slope of the ridge between Mount Field and Wapta Peak, 1 mile (1.6 km.) northeast of Burgess Pass; both

above Field on the Canadian Pacific Railway, British Columbia, Canada.

Specimens that probably belong with Nisusia alberta occur at the following locality,

together with other specimens that are somewhat doubtfully referred to the species

:

Middle Cambrian: (54q) A drift block supposed to have come from a horizon 1,700 feet (518.2 m.) above the

Brigham quartzite [\A'alcott, 1908a, p. 8], found near the mouth of Wasatch Canyon, east of Lakeview ranch, 5 miles

(8 km.) north of Brigham, Boxelder County, Utah.

Specimens that appear to represent a variety of Nisusia alberta occur at the following

localities

:

Middle Cambrian: (57c and 57k) About 2,500 feet (762 m.) above the Lower Cambrian and 2,475 feet (754 m.)

below the Upper Cambrian in the limestone forming 1 of the Stephen formation fV^^alcott, 1908f, p. 209]; and (58z)

about 1,875 feet (572 m.) above the Lower Cambrian and 3,100 feet (945 m.) below the Upper Cambrian in the lime-
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stone forming 2b of the Stephen formation [Walcott, 1908f, p. 211]; both on Mount Bosworth, north of the Canadian

Pacific Railway between Hector and Stephen, on the Continental Divide between British Columbia and Alberta,

(57j) About 2,000 feet (609.6 m.) above the Lower Cambrian in the limestone forming 2 of the Stephen formation

[Walcott, 1908c, p. 237 (6)], just east of the "fossil bed," on the northwest slope of Mount Stephen, above Field on

the Canadian Pacific Railway, British Columbia, Canada.

lower Cambrian : (58k) Just below the Middle Cambrian in the limestone forming 1 of the Mount Whyte forma-

tion [Walcott, 1908c, p. 240 (9)], just above the tunnel; and (58p) drift block of limestone believed to have come from

the limestone forming 1 of the Mount Whyte formation [Walcott, 1908c, p. 240 (9)], found near the Canadian Pacific

Railway track just west of the tunnel; both 3 miles (4.8 km.) east of Field, British Columbia, Canada.

NisusiA COMPTA (Tate).

"'

Plate XCVII, figure 14.

Orthisina compta Tate, 1892, Trans. Roy. Soc. South Australia, vol. 15, p. 185, PI. II, figs. 6 and 6a. (Described as

a new species. The specimen represented by figs. 6 and 6a is redrawn in this monograph, PL XCVII, fig. 14.)

Form transversely subquadrilateral with the hiage Hne a httle shorter .than the greatest

width of the shell. Surface of the shell marked by strong, concentric ridges of growth that

cause undulations of variable extent, also fine radiating, rounded, depressed ribs that are a

httle wider than the interstitial furrows. The outer surface is exfoliated, but the interior

lamellae of the shell show small, irregularly distributed nodes on the ribs that are considered

to be the bases of spines similar to those on the surface of Nisusia festinata (BiUings) (PI. C,

fig. 1) and N. alberta (Walcott) (PI. C, fig. 3c).

The ventral valve is moderately convex with a low median fold. Area of medium width

and projecting slightly backward ; it is divided midway by a rather broad, triangular delthyrium

that is nearly covered by a convex deltidium; the area and delthyrium are marked by fine

transverse fines of growth.

Length of valve from beak to incurve of median fold, 6 mm.; greatest width, 9 mm.;
length of lunge fine, 7 mm.

Oiservations.—This species is represented in the collection before me by a single speci-

men. This appears to be a ventral valve, but, unlike the ventral valve of N. festinata (PI. C,

figs. 1, la-d), which has a median sinus, it has a median fold. The area and convex deltidium

are fike those of the ventral valve of N. festinata. The fine ribs and quadrate form distinguish

this species from other species of the genus.

Formation and locality.—Middlq? Cambrian: (315 [Tate, 1892, p. 185]) Limestone at Curramulka, Yorke
Peninsula, South Australia.

Nisusia festinata (Billings).

Text figure 6, page 299; Plate C, figures 1, la-j, 2, 2a-c.

Orfhidna festinata Billings, 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 10, figs. 11 and 12. (Described

as a new species.)

Orthisina festinata Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 949, figs. 350-352. (Text and figures

copied from preceding reference.).

Orthisina festinata Billings, 1862, Am. Jour. Sci., 2d ser., vol. 33, p. 105. (Discussed.)

Orthisinafestinata Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 221, figs. 350-352. (Text
and figures copied from BUlings, 1861b, p. 10, figs. 11 and 12.)

Orthisina festinata Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, figs. 289a-c, p. 284. (No text

reference. The figures are copied from Billings, 1861b, figs. 11 and 12, p. 10.)

Orthisina festinata Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 120-121, PI. VII, figs. 7, 7a-b.

(Original description, Billings, 1861b, p. 10, copied. The two specimens represented by figs. 7 and 7a-b are

redrawn in this monograph, PL C, figs, la and Ih, respectively.)

Orthisina festinata Billings, Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 613, PL LXXII, figs. 7, 7a-b.

(Mentioned. The figures are copied from the preceding reference.)

Billingsella festinata (Billings), Hall and Clakke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 230.

(Merely changes generic reference.)

Nisusia festinata (Billings), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 249-251. (Described and discussed

essentially as on p. 728.)

Nistisiafestinata (Billings), Grabau and Shimek, 1907, North American Index Fossils, vol. 1, p. 211, fig. 249, p. 210.

(Described. Fig. 249 is copied from Walcott, 1886b, PL VII, figs. 7, 7a-b.)
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General form subquadrate to transversely semioval, with the cardinal extremities subacute

to obtusely angular. Hinge line straight, usually equal to or greater in length than the width
of the body of the shell. Shell substance dense, granular, with minute pores arranged in scat-

tered radiating Imes; none of the pores appear to pass through more than one lamella of the

shell.

Surface Avith narrow, rounded, radiating ribs, that increase by both bifurcation and inter-

polation; the ribs are roughened by concentric lines and ridges of growth that arch about the

base of strong, acute spines; the spines are located on the ribs, usually just back of a ridge of

growth; they are in more or less irregular, concentric rows toward the front of the shell, but
on the central portions they may be scattered without any system of arrangement; each spine

is larger at the base, tapering rapidly, and curving gradually backward at about one-half its

length.

The ventral valve is more or less elevated at the umbo and apex; in some examples it is

subpyramidal (PI. C, fig. le), where the height is to the length as 3 to 6, and width 9 mm.; in

other shells the proportion is 4 to 11, and width 17 mm.; the slopes from the apex to the mar-
gins are nearly straight or slightly convex; the form of the umbo and apex varies from a broad,

rounded umbo terminating in a minute beak curving over the area, to an erect, vertical, more
or less rounded apex, with a broad base rising abruptly from the elevated umbo; a shallow,

rounded, median sinus occurs on most shells, but it is sometimes absent. Area high, and crossed

by transverse hues of growth ; it is usually inclined over the hinge line, but it may be vertical

or inchned forward (fig. le) ; it is divided by a strong delthyrium, which is covered by a convex
deltidium that the author of the species, Bilhngs, describes [1861c, p. 10] as perforate at the

apex.'' I have not been able to verify this in a large collection of material from various local-

ities; casts of the interior of the extended beak indicate but do not prove that there was a

perforation; the front edge of the deltidium is arched so as to leave a space of variable height

between it and the plane of the hmge line; in three examples the area is divided into three

parts by longitudinal lines (PI. C, fig. le"), two of the fines bound the delthyrium, and one
on each side corresponds in position to the "flexure" lines in Obolus and Hipparionyx. A
cast of the interior of a low ventral valve (PL C, fig. If) shows a broad delthyrium, strong teeth,

and supporting dental plates which are produced on the inside so as to form a short, elevated

base (pseudospondylium), and on the outside the plates are continued partly about the space
occupied by the points of attachment of the diductor muscles.

The dorsal valve is moderately convex at the umbo, sloping gently from there to the

margins; usually the slope is convex, but in. one example it is slightly concave; area narrow
and vertical or slightly inchned over the hinge line ; casts of the interior show the crura, points

of attachment of posterior adductor scars (e, PI. C, fig. Ig; see fig. 3a), area of attachment of

diductor scars (d', PL C, figs. Ig, li). Vascular and ovarian markings unknown.
Ohservations.—This shell has a wide geographic distribution. I have collected it at the

type locality in the townsliip of Georgia, Vermont; at Bic on the lower St. Lawrence Eiver; and
near York, Pennsylvania. The matrix at Bic is a finely granular, shghtly arenaceous lime-

stone in which the outer form of the shell is well preserved, but the spines are rarely seen. At
Swanton and Georgia, Vermont, the shell occurs in siliceous limestone and arenaceous shale,

and a cast of the outer surface shows the spines ; the material from the finely arenaceous lime-

stone at the Emigsville locahties, discovered by A. Wanner, of York, Pennsylvania, is the best

preserved and afFords excellent casts of the interior and exterior of the valves. In all of the

localities the variation in the form and elevation of the ventral valve occurs; specimens of the
ventral valve from Bic, Canada, show a shorter deltidium than is usually present. A number
of exfoliated shells occur in the collection from the dark-gray compact limestones of eastern

New York and are doubtfully referred to this species.

a Through the courtesy of Dr. J. F. Whlteaves, of the Geological Survey of Canada, I had the opportunity of examining the types of "Orthisina

festinata." None of them preserve the apex of the deltidium, so it is impossible to determine upon what Billings based his statement that the
deltidium was perforate.
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Nisusia festinata is a strongly marked species that appears to have but one near repre-

sentative in form, N. (Jamesella) pe7-pasta. It differs from the latter species in the absence of

spines and in the form of the ventral valve.

Formation and locality.—lower Cambrian: (392a) Limestones at L'Anse au Loup, on the nortli shore of the

Straits of Belleisle, Labrador.

(2o) Limestone bowlders in conglomerate, on shore at east entrance to harbor at Bic, Rimouski County, Quebec,

Canada.

(25a) Limestone on the Hall (Donaldson's) farm, 2 miles (3.2 km.) east of Swanton; (319e [Billings, 1861b, p. 10])

limestone 2 miles {3.2 hm.) east of Swanton; (25) sandstone just above Parker's quarry, near Georgia; (319m) shales of

No. 6 of the section at Parker's quarry [Walcott, 1891b, p. 278], near Georgia; (26) sandstone northeast of the Cormaii

farm buildings, east of Highgate Springs; and (392p) shale on the Jewell farm; all in Franklin County, Vermont.

(319w) Limestone 1.25 miles (2 km.) north of Rutland, Rutland County, Vermont.

(38a) Limestone 2 miles (3.2 km.) south of North Granville, on the road which turns south from the road running

between that village and Truthville, 4 miles (6.4 km.) west-northwest of Granville, Fort Ann quadrangle (U. S. Geol.

Survey); and (36) limestone 1 mile (1.6 km.) south of Shushan and 3.5 miles (5.6 km.) north-northeast of Cambridge,

Cambridge quadrangle (U. S. Geol. Survey); both in Washington County, New York.

(49) Sandstone on Codorus Creek, 0.125 mile (0.2 km.) below Meyer's mill, near Emigsville; (49a) sandstone

on the Liverpool road, south of the schoolhouse, 3 miles (4.8 km.) northwest of York; (346c) shale near York; and
(49w) limestone in railroad cut 0.25 mile (0.4 km.) south of Emigsville; all in York County, Pennsylvania.

(35f) About 300 feet (91 m.) below the Middle Cambrian in the limestone forming 6 of the Mount Whyte formation

[Walcott, 1908c, p. 242 (11)] just above the tunnel on the north shoulder of Mount Stephen, about 3 miles (4.8 km.)

east of Field, British Columbia, Canada.

(35h) About 375 feet (114 m.) below the Middle Cambrian in the shales of No. 4 of the Mount Whyte formation

[Walcott, 1908f, p. 214], on Mount Bosworth, north of the Canadian Pacific Railway between Hector and Stephen,

on the Continental Divide between British Columbia and Alberta, Canada.

Nisusia festinata transversa (Walcott).

Plate C, figures 4, 4a-b.

Orthisina ? transversa Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 121, PI. VII, figs. 5 and 5a. (Described as

below as a new species. The specimens represented by figs. 5 and 5a are redrawn in this monograph, PI. C,

figs. 4 and 4a, respectively.)

Orthisina? transversa Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 613, PI. LXXII, figs. 9 and 9a. (No
text reference. Figs. 9 and 9a are copied from figs. 5 and 5a, respectively, of the preceding reference.)

Nisusia festinata transversa Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 251. (Original description copied as

below and species placed as variety of Nisusia festinata.)

Shell small, transversely subquadrangular in outline, front broadly rounded, angle formed

by the union of the cardinal slopes of the ventral valve 155° to 165°, hinge line straight and
as long as the width of the shell. Area of the ventral valve of moderate height, bent back
from the hinge line, divided by a triangular foramen that is higher than wide and covered by
a convex deltidium; the area of the dorsal valve is bent back at more than right angles to the

hinge line; foramen higher than wide, covered by a deltidium.

Surface marked by numerous radiating, fine, even costse, eight in a distance of 3 mm. on
the frontal margin of the ventral valve; a few concentric lines of growth cross the radiating

costiB, but not so as to give them a nodose character.

Interior characters unlaiown. The fine radiating strise and transverse form distinguish

this from other described species known to me.

Format. ON and locality.—lower Cambrian: (25) Sandstone just above Parker's quarry, near Georgia; (319m)

shales of No. 6 of the section at Parker's quarry [Walcott, 1891b, p. 278], near Georgia; and (25a) limestone on the Hall

(Donaldson's) farm, 2 miles (3.2 km.) east of Swanton; both in Franklin County, Vermont.

Nisusia bara Walcott.

Text figure 60, page 730.

Nisusia rara Walcott (in part), 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 97, PI. IX, fig. 13a (not fig. 13, which
represents a specimen of Eoorthis thyone). (Characterized and discussed as below as a new species. Fig. 13a

is copied in this monograph as fig. 60, p. 730.)

The ventral valve of this species has the same general form^ as that of Nisusia festinata

(Billings) (PI. C, figs. Id and le) except that it has a very strong and deep median sinus and
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is more transverse; the delthyrium is also larger. Nisusia rara occurs at the same stratigraphic

horizon as Nisusia alberta (Walcott), but it differs from the latter in having a larger delthyrium

and a strong and deep median sinus.

The surface of N. rara is marked by rounded radiating ribs that increase by interpolation

and bifurcation; small nodes on some of the ribs indicate the presence of spines on the outer

surface. A portion of a convex deltidium is shown that has the outer portion broken away.

The type specimen has a length of 8 mm.; width, 16 mm.

Formation and locality.—Middle Cambrian : (55o) Spence shale member of the Ute limestone [Walcott, 1908a,

p. 8], about 50 feet (15.2 m.) above the Brigham quartzite and 2,755 feet (839.7 m.) below the Upper Cambrian, in

a ravine running up into Danish Flat from Mill Canyon, about 6 miles (9.6 km.) west-

^^_^^^ ^j^MR^ southwest of Liberty and 15 miles (24.2 km.) west of Montpelier, Bear Lake County,

H^^^^^^Hh Nisusia? vaticina (de Verneuil and Barrande).

^B^^K^^^F ^^^^<^ XCYII, figures 3, 3a-b.

^^^^
OrtMsina vaticina de Verneuil and Barrande [not Salter MS.], 1860, Bull. Soc.

FIGURE 60 -ifi^smmra Walcott
.^j_ ^^ 2d ser., vol. 17, pp. 533-535, PI. VIII, figs. 8, 8a-d. (Described

Cast of the interior of a dorsal
, ,• j t^ ,. •

t, i ? .^ ,
^- t^- „

valTe(U. S.Nat. Mus. Cat. No. 8,nd discussed in Irench as a new species; see below lor translation, ligs. 8,

52295a, labeled 52295b [Walcott, 8b-c are copied in this monograph, PI. XCVII, figs. 3, 3a-b, respectively.)

I908d, p. 123] by error).a OrtMsina vaticina de Verneuil and Barrande, Mallada, 1875, Bol. Com. Mapa Geol6gico
The specimen represented is Espafia, tome 2, p. 32. (Mentioned.)

from Locality 55c, Middle Cambrian

Spence shale, near Liberty, Idaho. The Original description by de Vcmeuil and Barrande follows:
The figure is copied from Walcott

[l908d, PI. IX, fig. 13a]. Shell subquadrangular, slightly emarginate below the lateral extremities. Length

equal to three-fourths of the breadth. Hinge ridge somewhat shorter than the greatest

width of the shell. Ventral valve twice as thick as the dorsal, area double in height. Triangular opening on each

of the valves, covered in part by a deltidium. At the point of the beak there is a very fine opening, hardly visible,

which is obliterated in certain specimens. The valves are regularly bulged and have no marked sinus, so that

their edge is straight. The surface is ornamented with fine, dichotomous, spiny striae; these spines, or tubes, which

are 1 or 2 mm. long on the ventral valve, are hardly seen on the other valve. At 10 mm. from the beak, where

the striae subdivide by dichotomy, six of them are counted in a space of 5 mm.
Dimensions: Length, 18 mm.; breadth, 24 mm.; thickness, 8 mm.
Relations and differences: This species belongs to the Orthis group, united by one of us under the name of Redo

striatx b and which Davidson includes in the genus Orthisina of d'Orbigny.c The two characteristics of this group

consist in the direction of the striae, which, starting from the beak, never curve backward to reach the hinge crest,

and in the presence of a deltidium which covers the triangular cleft of the area. The hole with which this deltidium

is sometimes pierced, a characteristic on which d'Orbigny established the genus Orthisina, is of altogether secondary

importance, for it appears to be only temporary. We have demonstrated that in certain Leptsenae, which have an

opening analogous to that of the species under discussion, that characteristic produces no significant change in the

internal apparatus."^

In having its striae provided with tubes or spines this species is distinguished from all others, except 0. striatula,

with which it is impossible, on other accounts, to confound it. It may be compared either to 0. romingeri Barrande,

from the primordial zone of Bohemia, which is distinguished by a rather pronounced sinus on the small valve, a more

prominent beak and smooth striae; or with 0. inflexa Pander, from the lower Silurian strata of St. Petersburg, which

is thicker, as observed especially in the dorsal valve, which in this respect is almost equal to the opposite valve.

Moreover the striae of the Russian species are never spinous.

Mr. Salter, whose kindness is never appealed to in vain, thought he recognized in our specimens a species found

recently in the Lingula beds, to which, in the collection of the museum of practical geology at London, he gave the

name 0. vaticina, under which we publish it.

Observations.—In appearance this shell is closely related to Lower Ordovician species of

Clitamhonites that have a fimbriated surface. If, as the authors state, many of the shells are

imperforate, then it is probable that the species is closely related to and belongs with Nisusia,

although the illustration of the spines indicates that they were of a different character from

those of Nisusia festinata (Billings). In the presence of the statement that the shells are

associated -with, the Primordial fossils {Paradoxides, etc.) and the absence of an opportunity to

a See the note accompanying the first reference in the synonymy of EooTthis thyonp, p. 789, and the note following text figm-es 70A-C, p. 789.

6 Murchison, de Verneuil, et de Keyserling, G^ologie de la Eussie d'Europe et de I'Oural, vol, 2, 1845, p. 179. Bull. Soc. geol. France, 2d ser.,

vol. 2, 1845, p. 481.

c Davidson, Introduction h I'histoire naturelle des brachiopodes, French translation by Deslongchamps, p. 130.

i De Verneuil, Bull. Soc. g§ol. France, 2d ser., vol. 5, 1848, p. 348.
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study the actual specimens, I think it best to refer the species to Nisusia. "Orthis vaticina"

was a manuscript name given by Salter to shells subsequently referred to " Orthis lenticularis
'

' by
Davidson [1869, p. 231].

Formation and locality.—Middle Cambrian: (350 [de Verneuil and Barrande, 1860, p. 538]) Red limestone of

the Parcdoxides zone, near Adrados, north of Sabero and Bofiar, Cantabrian Mountains, Province of Leon, northwestern

Spain.

JAMESELLA Walcott,o subgenus of NISTJSIA.

Nisusia (Jamesella) Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 252. (Characterized as below as a new subgenus.)

Nisusia (Jamesella) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 147. (Classifica-

tion of genus.)

There are several species of Lower Cambrian brachiopods that differ from Nisusia festinata

in the absence of the strong spines on the radiating ribs. This character is so marked that I

separate the species without it as a subgeneric group.

Type.—Orthis perpasta Pompeckj.

The subgeneric name is in memory of Dr. Joseph F. James, a paleontologist who assisted

me in tlie preparation of material for the study of the OleneUus fauna.

Nisusia (Jamesella) amii Walcott.

^
Plate CI, figures 6, 6a-b.

Nisusia (Jamesella) amii Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 252. (Described and discussed as below as

a new species.)

Ventral valve convex, elevated at the umbo, with the beak slightly incurved; area high,

vertical, slightly incurved; delthyrium triangular, higher than its greatest width and covered
by a convex deltidium, wMch is imperforate. Surface of shell marked by numerous fine,

rounded, equidistinct ribs that increase by interpolation; about 8 ribs in a distance of 2 mm.
at frontal margin. Size: Length, 8 mm.; width, 10 mm.; elevation at umbo, 4 mm.

The front margin of the deltidium is broken so that it is impossible to state whether it

was arched as is the deltidium of Nisusiafestinata (Billings). There is no trace of a foraminal

aperture in the deltidium. The fine, regular ribs and high area serve to distinguish this from
other species of the genus. Dorsal valve unknown.

The specific name was given in honor of Dr. H. M. Ami.

Formation and locality.—Lower Cambrian: (56a) A limestone bowlder in the Sillery conglomerate, on the
south shore of St. Lawrence River 4 miles (6.4 km.) below Quebec, Canada.

Nisusia (Jamesella) argenta Walcott.

Plate CI, figures 9, 9a-b.

Nisusia (Jamesella) argenta Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 252. (Described and discussed somewhat
as below as a new species.)

The outline of the ventral valve is subrectangular, with the hinge line a little shorter than
the greatest- width. Strongly convex with a keel-hke median elevation extending from the
incurved beak over the elevated umbo to the front margin, with gradually increasing width.
Area low, with the minute beak curving down to and possibly slightly over it.

Dorsal valve depressed, convex, with a rather strong median fold (PL CI, fig. 9b); area

unknown.

<2 The synonymy for this subgenus does not give a complete record of the various genera under which the species now included in Jamesella
-were formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic
xeferences are listed:

Orthis Feistmantel.

Orthis Jahn.

Orthis Katzer.

Orthis Krejci.

Orthis Eusta.

Orthis Novak.
Orthis Wentzel.

Orthisina de Verneuil and Barrande [ISeO, p. 536].

Orthis Pompeckj [lS96b, p. 514, 515, and 516].

Protorthis Walcott [1905a, pp. 283 and 285].
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Surface marked by fine, concentric striae of growth and about five sharp, elevated, radiating

ribs on each side of the two ribs on the median ridge of the ventral valve ; the ribs of the dorsal

valve are more regular in spacing and size.

Ohservations.—This shell has such strong characters that I unhesitatingly give it a specific

name. The only form known to me that resembles it is N. (J.) liuthani (Pompeckj) (PL CI,

figs. 4, 4a-b) from Bohemia.

Formation and locality.—Lower Cambrian: (Imand Ip) « Limestones of No. 2 of the Silver Peak gi"oup, Barrel

Spring section [Walcott, 1908f, p. 189], about 2. .5 miles (4 km.) south of Barrel Spring and 0.5 mile (0.8 km.) east of the

road, in the extreme southeast corner of the Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

NisusiA (Jamesella) eeecta Walcott.

Plate CI, figures 5, 5a-b.

Nisusia {Jamesella) erecta Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 253. (Described essentially as below as a

new species.)

General form transversely semioval; hinge line a little shorter than the greatest width;

Valves subequally convex. Surface marked by strong, broad, sharply rounded ribs, three at the

frontal margin in a distance of 2 mm. ; the ribs appear to be simple and imbifurcated from the

umbo to the margin, but owing to the small size of the shell this statement may be modified by
discovery of other specimens. Width, 9 mm. ; length, 7 mm. from beak to front of ventral

valve.

Ventral valve convex; elevated at the umbo, beak marginal. Area lugh, very slightly

inclined backward; delthyrium large, triangular, length and width equal; deltidium convex,

imperforate, and nearly covering the delthj^rium. Dorsal valve regularly convex, most elevated

at the umbo and curving over to the rather low area.

This species is distinguished by its strong, regular ribs and regular convexity of the dorsal

valve.

Formation and locality.—Middle Cambrian: (313g) Limestone at the south end of the Timpahute Range,

Groome district, near the line between Nye and Lincoln counties, Nevada.

^^ Nisusia ? (Jame&ella ?) kanabensis Walcott.

Nisusia? (Jamesella ?) kanabensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 97-98. (Described and
discussed as below as a new species.)

This species is represented by a single broken interior cast of a small ventral valve that

has a length of 3.5 mm. ; width, about 5 mm. The cast is convex, with the base of a prominent

extension that filled the interior of the beak. The surface is finely papillose, which proves that

the interior surface was finely punctate. The casts of the ribs show them to have been rather

sharply rounded and to have increased by bifurcation and interjpolation ; the absence of all

traces of casts of spine bases on the ribs leads me to refer the species to the subgenus Jamesella.

Area shown only by a narrow rim on one side. The delthyrium was probably quite broad.

The reference of tliis shell to Nisusia is based on the evidence of the presence of a prolonged

beak and the character of the ribs. The genus is doubtful, but I do not know of any other to-

which a tentative reference could be made.
The specific name is derived from Kanab Canyon, the type locahty.

Formation and locality.—Upper Cambrian : (75) Thin-bedded limestones just below the base of the Ordovician,

in the Tonto group, near the water's edge at the mouth of Kanab Canyon, Grand Canyon of the Colorado, Arizona.

Nisusia (Jamesella) kuthani (Pompeckj).

Plate CI, figures 4, 4a-b.

Orthis kuthani Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt, Bd. 45, pp. 514-515, PI. XV, figs. 8-13. (Described

and discussed in German as a new species; see p. 733 for translation.)

Orthis romingeri of the following authors: Krejci, Novak, K. Feistmantel, Kusta, Katzbr, Wentzel, and Jahn.

a Ip is the type locality.
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Msusia (Jamesella) kuthani Pompeckj, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 253-254. (Original descrip-

tion, Pompeckj, 1896b, p. 514, copied, and species discussed as below.)

The original description hj Pompeckj follows:

Outline subrectangular, hinge edge straight with angles protracted but a short distance; length to breadth as

3 :4, often less.

Ventral valve highly arched. Apex drawn forward, but not curved toward the dorsal valve at all, or in rare cases

but slightly. Area high, steep, with sharp areal edges and high, triangular foramen. Owing to the state of preserva-

tion, the details of the interior of the valves can not be well observed.

Dorsal valve flatter, with rather decided arching on side edge and frontal edge, with sinus always distinct, which

corresponds to a faint swelling at the frontal edge of the ventral valve. The area is very low with a small triangular

foramen. Crural processes narrow, considerably divergent.

The surface is ornamented with narrow sharp ribs, increasing by interpolation. The ribs are divided by inter-

spaces which are considerably broader than the ribs. In the interspaces there is frequently seen a lower, threadlike

rib. The number of ribs is 30 to 36. The ribs are mostly very distinct on the internal casts also. Sometimes internal

casts are found which show remarkably few ribs, and which in this respect and also in their greater breadth approach

Orthis perpasta var. macra.

The present species has thus far been called, after Kusta's example, Orthis romingeri, but it differs from that

species (a) in the ventral valve, its apex never being so strongly curved as in Orthis romingeri, and in most cases not

curved at all; (b) in the dorsal valve, which in the present species is more strongly arched with a more decided sinus;

(c) in the sculpture, inasmuch as the ribs are narrower, sharper, fewer in number, and separated by wider interspaces

than in Orthis romingeri Barrande.

Oiservations.—In the material of this species sent me by Doctor Pompeckj there is one

cast of a ventral valve that shows that a convex deltidium covered about two-thirds ot the

delthyrium; its front margin was arched so as to leave considerable space open between it

and the plane of the hinge line.

There is a decided mesial sinus in most specimens of the dorsal valve, but in some it is

flattened so as scarcely to break the uniform low convexity of the valve; the strength of the

mesial elevation of the ventral valve also varies from a marked ridge to a flattened median
space.

The species appears to be quite distinct from any described Cambrian form.

The specific name was given in honor of Mr. Wilhelm Kuthan, of Tejfovik, Bohemia,

Austria-Hungary.

Formation and locality.—lower Cambrian : Conglomeratic sandstones and graywacke inclusions in the lower

conglomerate zone of the Kamenna hurka at the following localities [Pompeckj, 1896b, p. 514]: (345i)o near Tejfovik,

and (345j) at Gross Lohovic, southwest of Skrej; both in Bohemia, Austria-Hungary.

(345k)'' Sandstones at Slapnicky mlyn, near Skrej, Bohemia, Austria-Hungary.

NisusiA (Jamesella) lowi Walcott.

Text figures 61A-D, page 734.

Nisusia {Jamesella) toioi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 98, PL IX, fig. 14. (Characterized

and discussed essentially as below as a new species. Fig. 14 is copied in this monograph as fig. 61A.)

The description of the form, outline, convexity, and cardinal area of the ventral valve

of Nisusia festinata (Billings) (PL C, figs. 1, la-e) is so applicable to this species that I will

refer the student to it for the description of those features. The surface of Nisusia {James-

ella) lowi differs from that of N. festinata in having more and finer radiating ribs, clearly defined,

rounded, concentric striiE and lines of growth, and in the absence of all traces of the surface spines

so characteristic of N. festinata. The latter is also a larger species. Nisusia (Jamesella)

lowi averages 10 to 12 mm. across the hinge line and rarely over 8 mm. in the length ot the

ventral valva of the large shells of the species.

There is a close relationship between Nisusia alberta (Walcott) (PL C. figs. 3, 3a-d) and
N. (J.) lowi in form and size. N. alberta has a spinose surface, and the beds in which the two
species occur are separated by 1,700 feet of limestone.

" Localities 345i and 345k are represented in the collections of the United States National Museum.
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The specific name is given in honor of Hon. A. P. Low, deputy head and director of the

Geological Survey of Canada.

Nisusia (Jaivesella) lowi occurs at horizons 186 to 294 feet (56.7 to 89.6 m.) above the

horizon of Nisusia festinata (Billings) in the Mount Stephen section.

Formation and locality.—Lower Cambrian: (58k) Just below the Middle Cambrian in limestones forming 1 of

the Mount Whyte formation [Walcott, 190Sc, p. 240 (9)], just above the tunnel; (58p) drift block of limestone believed

to have come from the limestone forming 1 of the Mount Whyte formation [Walcott, 1908c, p. 240 (9)], found near the

FiGUEE m..—Nisusia (Jamesdla) lowi Walcott.—A, A', A", Top, side, and enlarged view (X9) of exterior surface of a partly exfoliated ventral
valve, the type specimen, in limestone (U. S. Nat. Mus. Cat. No. 53677a). B, B', B", Top, side, and back views of cast of the interior of a
ventral valve, in limestone (U. S. Nat. Mus. Cat. No. 53677b). C, View of the cast of the interior of a small dorsal valve, in limestone
(U. S. Nat. Mus. Cat. No. 53677c). D, A compressed dorsal valve in siliceous shale (U. S. Nat. Mus. Cat. No. 57072a).

The specimens represented by figures 01 A, 61B, and 61C are from Locality 58k, and that represented by 61D is from Locality 57ni, both ill

the Lower Cambrian on Mount Stephen, British Columbia. Figure 61A is copied from Walcott [1908d, PI. VIII, flg. 14].

Canadian Pacific Railway just west of the tunnel; and (57m) about 50 feet (15.2 m.) below the Middle Cambrian in a
siliceous shale correlated with lb of the Mount Whyte formation on Mount Bosworth [Walcott, 1908f, p. 213], just above
the tunnel; all on the north shoulder of Mount Stephen, 3 miles (4.8 km.) east of Field, British Columbia, Canada.

(57s) About 160 feet (49 m.) below the Middle Cambrian near the base of the gray oolitic limestone forming lb
of the Mount Whyte formation [Walcott, 1908f, p. 212], on Mount Bosworth, north of the Canadian Pacific Railway-

between Hector and Stephen, on the Continental Divide between British Columbia and Alberta, Canada.

Nisusia (Jamesella) naxjtes ("Walcott).

Plate XCIII, figures 6, 6a-b.

vol. 28, pp. 283-284. (Characterized and discussed some-Protorthis nautes Walcott, 1905, Proc. U. S. Nat. Mus.
what as below as a new species.)

This species has the same type of punctate interior surface as N. (J.) spencei, and casts of

the exterior are marked by minute, closely set papillae that are casts of the punctse in the shell.

Traces of the shell show the same type of papillae and it is highly probable that the shell was
punctate. The exterior form is like that of Nisusia alberta, but in the surface ribs it differs

from the latter and other described species of the genus.

A ventral valve has a length of 5 mm.; width, 8 mm. A dorsal valve, length, 7 mm.;
width, 10 mm. There is considerable variation in the relative proportions between length and
width.

Formation and locality—Middle Cambrian : (55c and 163) " Spence shale member of the Ute limestone [Walcott,

1908a, p. 8], about 50 feet (15.2 m.) above the Brigham quartzite, and 2,755 feet (839.7 m.) below the Upper Cambrian,
in a ravine running up into Danish Flat from Mill Canyon, about 6 miles (9.6 km.) west-southwest of Liberty and 15
miles (24.2 km.) west of Montpelier, Bear Lake County, Idaho.

o 163 is the type locality.



BILLINGSELLID^. 735

Specimens that are somewhat doubtfuhy referred to Nisusia {Jamesella) nautes occur at

the following localities

:

(15c) Limestone in the Marjum limestone, near Swasey Spring; and (Ilq) about 2,350 feet (716.3 m.) above

the Lower Cambrian, and 2,050 feet (624.8 m.) below the Upper Cambrian in the limestone forming Ic of the Marjum
limestone [Walcott, 1908f, p. 180] ridge east of Wheeler Amphitheater; both in the House Kange [Walcott, 1908f, Pis.

XIII and XV], Millard County, Utah.

(57f) About 2,200 feet (670.6 m.) above the Lower Cambrian, and 2,800 feet (853.4 m.) below the Upper Cambrian,

in the limestone forming 1 of the Stephen formation [Walcott, 1908f, p. 209], about 0.5 mile (0.8 km.) east of the
'

' fossil bed, '

' on the northwest slope of Mount Stephen, above Field, on the Canadian Pacific Railway, British Columbia,

Canada.

y Nisusia (Jamesella) pellico (de Verneuil and Barrande).

Plate XCVII, figures 2, 2a-b.

Orthidna pellico de Verneuil and Barrande, 1860, Bull. Soc. gfol. France, 2d ser., vol. 17, pp. 535-536, PI. VIII,

figs. 7, 7a-b. (Described and discussed in French as a new species; see below for translation-. Figs. 7, 7a-b

are copied in this monograph, PI. XCVII, figs. 2, 2a-b, respectively.)

The original description by de Verneuil and Barrande follows:

Shell rather small, transverse, breadth greater than length by one-fourth, cut off squarely at the extremities.

Hinge crest attains the greatest breadth of the shell. Ventral valve twice as deep as dorsal valve, provided with an
area of twice the height, which rises perpendicularly and forms a right angle with the hinge crest. The opening is

only partly covered with a deltidium, which descends from the tip of the beak. On the other valve the bare rudi-

ments of a similar deltidium may be perceived.

Neither valve has a sinus, and their commissure presents no wavy contours.

The surface is ornamented with rather wide-spaced strise. Three or four principal striae are counted on the sides,

and two or three intermediate finer ones. The median region is bounded by two pronounced strise, between which
two or three fainter ones are distinguished.

Dimensions: Breadth, 11 mm.; length, 8 mm.; thickness, 5 mm.
Relations and differences: In having its area partly covered with a deltidium this species comes within the genus

OrtMsina, as understood by Mr. Davidson, but it no longer shows the needle-shaped hole of the tip, on which d'Orbigny

had established the genus. However, the analogy which it maintains with the preceding species does not admit of

its being placed in any other genus, and shows how slight is the importance of the characteristic used by the author

just named. The position of the area, with regard to the hinge, recalls 0. adscendens, which is clearly distinguished

from our species by the nature of its striae.

From this last-named point of view 0. pellico approaches the LeptKnee more than it does most of the other Orthis

or Orthisina species.

Observations.—As far as the illustrations and description can determine, this species belongs

with the nonspinose forms of Nisusia grouped under the subgenus Jamesella.

The authors of the species state [1860, p. 536] that tliis shell was found in the red hmestone
with their "Orthis primordialis

."

Formation and locality.—Middle Cambrian: (350 [de Verneuil and Barrande, 1860, p. 538]) Red limestone of

the Paradoxides zone, near Adrados, north of Sabero and Bofiar, Cantabrian Mountains, Province of Leon, northwestern

Spain.

Nisusia (Jamesella) perpasta (Pompeckj).

Plate CI, figures 1, la-h.

Orthis perpasta Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt, Bd. 45, pp. 515-516, PI. XV, figs. 15-18. (Described

and discussed in German as a new species; see below for translation. Fig. 16d is copied in this monograph,
PL CI, fig. Ig.)

Nisusia (Jamesella) perpasta Pompeckj, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 254-255. (Original descrip-

tion, Pompeckj, 1896, pp. 515-516, copied, and species discussed as essentially on p. 736.)

The original description by Pompeckj follows:

Outline subrectangular, with straight hinge line and slightly bent frontal margin; cardinal angles slightly drawn
in; the length is little more than half the breadth, the greatest breadth being in the middle of the valves. Both valves

are very strongly arched.

The ventral valve has a high, steep area, with a large triangular foramen, and the areal edges are rather sharp.

The apex is not drawn forward beyond the hinge line. . From the apex to the frontal edge there is a sinus which
gradually increases to a considerable breadth. The dorsal valve, which is also strongly arched, has a very low and
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indistinct area, with a low, broadly triangular foramen. On the frontal margin a strong, broad swelling of the edge

of the valve corresponds to the sinus of the ventral valve.

Judging by some internal casts and impressions, the shell is ornamented with some 40 broad ribs, of which about

half are inserted between the primary ribs at various distances from the apex. Concentric lines of growth cross the

ribs. On the top of the shells, along some of these lines of growth (1 or 2) the sections of the shell are found to be

imbricated; near the frontal edge such imbrication is present more frequently in very short intervals.

Orthis perpasta differs from Orthis huthani in its greater breadth, in the almost uniform and much stronger arching

of both valves, and also in the fact that in the former species the ventral valve bears a sinus, whereas in Orthis huthani

the sinus is on the dorsal valve.

Observations.—Doctor Pompeckj very kindly sent me several fragments of sandstone con-

taining casts of the interior and exterior of the valves. The specimens illustrated by Pompeckj

[1896b, PI. X"\\l are smoother than most of those sent to me, but the description corresponds to

the ribbed specimens and a few nearly smooth interior casts occur m association with the more

strongly ribbed shells. The convexity of the ventral valve is quite variable, but is usually

considerable. One of the marked characters of the dorsal valve is the large transverse space

(pseudocrurahum) inside the valve beneath the umbo. In one example it is crossed vertically

by the main vascular sinuses. What may be a trace of a low, simple, rounded cardinal process is

shown in one cast. The crura were strong, with small dental sockets beside them.

Nisusia (JameseJla) perpasta resembles Nisusia alberta (Walcott) in form and convexity,

but it does not have a spinose surface.

Formation and locality. «—Lower Cambrian: Conglomeratic sandstones and graywacke inclusions in the lower

conglomerate zone of the KamennA hurka at the following localities [Pompeckj, 1896b, p. 516]: (345i) near Tejfovih;

and (345j) at Gross Lohovic, southwest of Skrej; both in Bohemia, Austria-Hungary.

(345k) Sandstones at Slapnicky mlyn, near Skrej, Bohemia, Austria-Hungary.

Nisusia (Jamesella) perpasta macea (Pompeckj).

Plate CI, figures 3, 3a.

Orthis perpasta macra Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt, Bd. 45, p. 516, PI. XV, fig. 14. (Charac-

terized in German as a new variety; see below for translation. Fig. 14 is copied in this monograph, PI. CI,

fig. 3a.)

Nisusia (Jamesella) perpasta macra Pompeckj, Walcott, 1905, Proc. TJ. S. Nat. Mus., vol. 28, p. 255. (Original char-

acterization copied and variety discussed as below.)

The original description by Pompeckj follows:

Some internal casts and impressions of dorsal valves agree in outline perfectly with the dorsal valves of Orthis

perpasta, but differ from the type form by much less arching and ribs farther apart.

Observations.—The gradual increase in the width of the interspaces between the ribs, from

a very narrow space to several times the width of the rib, makes this variety of doubtful value.

FoEMATioN AND LOCALITY.—Lowcr Cambrian: Conglomeratic, quartzitic sandstones and graywacke inclusions

in the zone of the KamennA hurka at the following localities [Pompeckj, 1896b, p. 516]: (3451) near Tejfovih; and (345j)

at Gross Lohovic, southwest of Skrej; both in Bohemia, Austria-Hungary.

Nisusia (Jamesella) perpasta subquadrata (Pompeckj).

Plate CI, figures 2, 2a-b.

Orthis perpasta subquadrata Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt, Bd. 45, p. 516, PI. XV, figs. 19 and'20.

(Described and discussed in German as a new variety; see below for translation. Figs. 19a and 20a are copied

in this monograph, PL CI, figs. 2a and 2b, respectively.)

Nisusia (Jamesella) perpasta subquadrata Pompeckj, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 255. (Original

description copied, and variety discussed as on p. 737.)

The original description by Pompeckj follows:

As compared with the type form, this variety is distinguished by less breadth, the length being to the breadth

as 3 to 4. The anterior angles of the straight hinge edge are drawn in somewhat more than those of Orthis perpasta.

The ventral valve is higher, with higher and steep area, pierced by a large triangular foramen. The sinus, which

o Localities 345i and 345k are represented in the oollections of the United States National Museum.
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extends from the high vertical apex to the frontal edge, is bordered by obtusely rounded edges. Dorsal valve pro-

portionally more bulged than in the type form. Sculpture as in Orthis perpasta.

The outer form strikingly recalls Orthisina; but the pseudodeltidium, the median septum, and the spondylium

of the ventral valve are lacking.

Orthis perpasta var. subquadrata was found in several internal casts and impressions, together with Orthis perpasta,

more rarely in graywacke sandstone than in the conglomerate-like, quartzitic sandstone.

Observations.—-This variety apparently is not constant, as ventral valves occur in the

material before me that have the subquadrate form with relatively less convexity than the

convex forms of the species perpasta.

Formation and locality.—Lower Cambrian : Conglomeratic sandstones and graywacke inclusions in the lower

conglomerate zone of the Kamenn^ hurka at the following localities [Pompeckj, 1896b, p. 516]: (345i) near Tejfovik;

and (345j) at Gross Lohovic, southwest of Skrej; both in Bohemia, Austria-Hungarj'.

NisusiA (Jamesella) spencei (Walcott).

Text figure 62; Plate XCIII, figures 7, 7a.

Protorthis spencei Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 285. (Described as below as a new species.)

This is a strongly marked species, despite the fact that the few specimens that have been

found are flattened in the shale. It is distinguished by its rounded, subquadrate outlines

and narrow, sharp ribs with strong interspaces, six ribs in a dis-

tance of 5 mm. at the front margin. The area of the ventral A^alve

has a broad delthyrium with a convex deltidium covering the

greater part of it. The interior surface of the shell is finely punc-

tate. A flattened ventral valve has a length of 17 mm.; width,

18 mm.
This shell is associated with Nisusia (Jamesella) nautes (Wal-

cott). It differs from it in its larger size, sharper ribs, and broader

interspaces between the ribs.

The discovery in the collection of 1907 of a specimen of a

ventral valve showing a very perfect area and arched deltidium -A.

. 1 , , 1
• 1 • 1 j_i £ J. 7-» J j^ • Figure 62.

—

Nisusia (Jamesella) spencei
proves that the specimen upon which the reference to Protorthis

(waicott). a, a', Exterior of ventral

was based had the deltidium crushed so that it was concave, thus vaive and view of cardinal area.

causing it to be mistaken for the free spondylium of Protorthis. '^^^ specimen represented is from

_,, .„ .. ., c-nr-noo c
Locality S5o, Middle Cambrian Spence

The Specmc name is given m honor of Mr. K. S. bpence, of shale, near Liberty, Bear Lake county,

Evanston Wvomine. Idaho (U. S. Nat. Mus. cat. No. S2435a).

• FoKMATioN AND LOCALITY.—Middle Cambrian: (S5c and 163) <^ Spence shale member of the TJte limestone [Walcott,

1908a, p. 8], about 50 feet {15.2 m.) above the Brigham quartzite and 2,755 feet (839.7 m.) beloiu the Upper Cambrian, in a

ravine running up into Danish Flat from, Mill Canyon, about 6 miles (9.6 km.) ivest-southtoest of Liberty and 15 miles

{24-2 hra.) west of Montpelier, Bear Lake County, Idaho.

(llil) About 2,350 feet (716.3 m.) above the Lower Cambrian and 2,050 feet (624.8 m.) below the Upper Cam-

brian in the limestone forming Ic of the Marjum limestone [Walcott, 1908f
, p. 180], ridge east of 'Wheeler Amphitheater

[Walcott, 1908f, Pis. XIII and XV], House Range, Millard County, Utah.

Nisusia (Jamesella) utahensis Walcott.

Plate CI, figures 10, 10a.

Nisusia (Jamesella) utahensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 255-256. (Described and discussed

as below as a new species.)

Ventral valve transverse, strongly convex; most elevated at the umbo, which is sur-

mounted by the upward pointing apex at the edge of the area; area slightly inclined forward

from the hinge line; delthyrium large and covered by a convex deltidium. Surface marked
by several strong, rounded ribs irregularly alternating with smaller ribs; fine radiating striae

occur on the ribs and interspaces.

a 163 is the tj'pe locality.

62667°—VOL 51, pt 1—12 47
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Only two specimens of somewhat imperfect ventral valves are known of this species.

The description is of the best-preserved specimen. The second specimen has a greater num-

ber of more regular ribs that increase by interpolation of short ribs. The specimen illustrated

has a width of 8 mm. and a length of 4.5 mm. from the apex to the front margin, which is

about the distance from the hinge line to the front margin.

The nearest related species is Nisusia alberta (Walcott), from which it differs in surface

ribs, forward inclination of the area, and prominent convex deltidiimi.

Formation and locality.—Middle Cambrian: (7w) Limestone in Rock Canyon, in the Wasatch Mountains east

of Provo, Utah County, Utah.

NisusTA (Jamesella) sp. undt. Walcott

Nisusia (Jamesella) sp. undt., Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 256. (Characterized as below as an

undetermined species.)

This doubtful species is based on an interior cast of a broken ventral valve. The width

of the shell is 15 mm., and length 8 mm., with apex broken off. A broad, shallow sinus arches

the frontal margin, and narrows toward the umbo. Radiating ribs narrow, about five in a

space of 2 mm.

Formation and locality.—Lower Cambrian: (392a) Limestone at L'Anse au Loup, on the north shore of the

Straits of Belleisle, Labrador.

Genus PBOTOBTHIS Hall and Clarke.^

[t:p6, early; and Orthis.]

Protorthis Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, pp. 273-274. (Described

as in first two paragraphs below.)

Protorthis Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, pp. 589-590. (Copy

of preceding reference.)

Kuiorgina Hall and Clarke [not Walcott], 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 90-94. (Copies

Walcott's description, 1886b, p]3. 101-102, and discusses genus, but description and discussion also include

reference to specimens now referred to Protorthis, Billingsella, Micromitra, Micromitra (Paterina), and Micromitra

{Iphidella) .)

Protorthis Hall and Clarke, 1892, idem, pp. 231-233. (Described and discussed as a new genus. With two omissions

this reference is copied below.)

Billingsella Hall and Clarke, Schuchbrt (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 158. ' (Characterized

and discussed. The genus Protorthis is placed as a synonym of Billingsella, and among the species referred

to the latter genus are species belonging with both Protorthis and Nisusia.)

Protorthis Hall and Clarke, Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 280-281. (Copies Hall and Clarke,

1892c, pp. 231-233, and discusses genus as on p. 739.)

Protorthis Hall and Clarke, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 211. (Characterized.)

Protorthis Hall and Clarke, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 147. (Classi-

fication of genus.)

Hall and Clarke [1892c, pp. 231-233] described the species as follows:

Shells small, transversely subquadrate or semicircular. Hinge line straight, its length being equal to the greatest

width of the valves. Valves unequally biconvex, or subplanoconvex, the pedicle valve being the larger. The car-

dinal area is narrow on both valves, but is higher on the (ventral) pedicle valve, and is tran.sected by a broad delthy-

rium which is closed below by a concave plate apparently produced by the union of the dental lamellae, which are

not continued to the bottom of the valve; teeth distinctly developed. In the brachial (dorsal) valve the cardinal

area also bears an open delthyrium; the dental sockets are obscure and the crural plates small; the latter appear ti

unite and form a low elevation across the base of the delthyrium. Cardinal process absent or rudimentary in all

the specunens examined. Muscular markings in both valves extremely obscure.

a The s^'nonymy for this genus does not give a complete record of the various genera under which the species now included in Prolorthlc wcve

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record for the species taken up in

the monograph the following mere generic references are listed:

OrtMs Hartt [1868, p.6«; 1878, p. G44]. Orthisina ? Matthew [1891, p. 131].

Orthis V.'alcott [1884a, p. 17). Orlliis (Protottliis) Wysogfirslci [1900, p. 227).

Kutnrgina Matthew [1886, p. 42]. Protorthis (Billingsella) Grabau and Shimer [1907, p.

Orthis Matthew [1886, p. 43]. 211].

Ortftis Hartt [1891, p. 044].
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Surface marked by distinct plications, with interstitial finer radii, which are crossed by delicate concentric

striae; these are usually accompanied by a low sinus and fold on the brachial and pedicle valves, respectively; interior

very finely papillose. Shell substance fibrous and apparently punctate."

The characters of the St. John species are eminently comprehensive; first, the form of the shell is one more fre-

quently met with among the strophomenids than among the orthids; the concave plate formed by the union of the
dental lamellae is never found in Orthis proper, though occurring in Scenidium. In Orthisina or Clitambonites this

plate is always present, but always supported by a median septum and invariably accompanied by the convex del-

tidium, which, so far as known, does not exist in Protorthis; while in the group tj^pified by Orthis pepina Hall (here

designated by the term Billingsella), the convex deltidium of Clitambonites is present and the concave or dental plate

absent. The apparent absence of a cardinal process in Protorthis may be due to the imperfections of the fragile shells

studied. The specimens of the St. John shells are preserved as external and internal casts, and from some of these

there is reason to infer that the substance of the shell was punctate.

Type.—Orthis 'hillingsi Hartt.

Ohservations.—^A study of the various species here described under the genus Protorthis

has not given data that will add to the above generic description. All of the species have
evidence of punctse of greater or less depth on the inner and outer surfaces of the shell, but in

none of them have punctse been found that penetrated through the shell; this may be owing
largely to the fact that all of the species are preserved as casts in the sandstone or shale and
none of them have the original shell substance or a calcareous or siliceous replacement of it.

A carefvil examination of a large number of specimens of the dorsal valve fails to reveal,

a true cardinal process.

Protorthis billingsi (Hartt).

^ Plate XCIX, figures 1, la-g.

Orthis billingsi Haett, 1868, Acadian Geology, by Dawson, 2d ed., pp. 644-645, fig. 223. (Described. The specimen
represented by fig. 223 is not figured in this monograph, but it is redrawn by Walcott, 1884a, PI. I, fig. Ic.)

Orthis billingsi Hartt, 1878, idem, 3d ed., pp. 644-645, fig. 223. (Copy of preceding reference.)

OrtteWHng'siHartt, Walcott, 1884, Bull. U.S. Geol. Survey No. 10, pp. 17-18, PI. I, figs. 1, la-d. (Original descrip-

tion, Hartt, 1868, pp. 644-645, copied and species discussed. None of the specimens represented by figs. 1, la-d
are figured in this monograph. Fig. Ic is drawn from the specimen figured by Hartt, 1868, p. 644, fig. 223.)

Orthis billingsi.B.&rtt, Matthew, 1886, Trans. Roy. Soc. Canada, 1st ser., vol. 3, sec. 4, No. 4, p. 43. (Discussed.)

Orthis billingsi Haktt,' 1891, Acadian Geology, by Dawson, 4th ed., pp. 644-645, fig. 223. (Copy of Hartt, 1868, pp.
644-645.)

Orthisina? billingsi Hartt, Matthew, 1891, Trans. Roy. Soc. Canada, Ist ser., vol. 8, sec. 4, No. 6, p. 131. (Discussed
and generic reference changed.)

'

Protorthis billingsi (Hartt), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, p. 274,

PI. VIII, figs. 3-7. (Mentioned.)

Protorthis billingsi (Hartt), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 219 and 232,

PL VIIA, figs. 1^20. (Discussed. Figs. 14^20 are copied from Hall and Clarke, 1892a, PI. VIII, figs. 5, 7, 3,

4, and 6, respectively.)

Billingsella billingsi (Hartt), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 158. (Merely changes generic

reference.)

Orthis {Protorthis) billingsi (Hartt), Wysogorski, 1900, Zeitschr. Deutsch. geol. GeselL, Bd. 52, p. 227, footnote.

(Discussed in German.)

Protorthis billingsi (Hartt), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 281-282. (Described and discussed as

below.)

Protorthis (Billingsella) billingsi (Hartt), Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 211,

fig. 250. (Described. The five figures included in fig. 250 are all copied from Walcott, 1884a, PL I, figs. 1, la-d.)

The generic description follows very closely that of the type species Protorthis hillingsi in

its main features. All of the specimens are compressed in the embedding shale, which renders

it difficult to get a true conception of the convexity and form of the valves. The general form
is shown by the illustrations. The outlme may be transversely quadrilateral or subsemicircidar

(PL XCIX, figs. 1 and le) or subquadrate (figs. la-f). Usually the beak is inclmed backward
over the area, but it may be distorted by pressure so as to appear to incline forward. Young
shells have a weU-defiiied median sinus on the ventral valve that shows as a flattened space on
the larger shells. A slight sinus sometimes appears on the dorsal valve. The surface of the

shell varies in the number and size of the radiating ribs; sometimes they are scarcely visible

a The casts of the interior of the valves indicate that the inner layer of the shell is punctate, but I have been unable to obtain any evidence
that the shell had the fibrous or punctate structure characteristic of Dalmanella.
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toward the cardinal margin, and in other shells they are clearly dej&ned all over the surface

;

the increase in niunber is by bifurcation and interpolation; fine, threadlike concentric striae

and strong squamose lines of growth cross the ribs.

Ventral valve moderately convex, with the umbo and apex slightly ciurved over the area

(PL XCIX, fig. 1), or erect above the area (PI. XCIX, fig. lb). The cardinal area appears to be

shghtly concave; divided midway by a triangular delthyrimn, which is more or less closed by a

concave plate that Hall and Clarke consider [lS92c, p. 231] to be formed by the extension of the

dental plates or lamellae; from the casts it appears that the teeth were well developed and sup-

ported by dental plates that miited at the center opposite the delthyrium, but did not reach the

bottom of the valve or a median septum; the free spondylium, varied in length from a narrow

rim opposite the head of the delthyrium to a plate two-thirds or more of the length of the

delthyrium.

Dorsal valve imiformiy and moderately convex, with the apex curved over to the edge of

the low area; area divided by a broad delthyrium; casts of the interior show that the cruras

were strong, dental sockets shallow, and that the crural plates extended across the umbonal

cavity, imiting to define what may be called a pseudocruralium. No trace of a cardinal process

has been seen in a large number of casts of the interior, and Hall and Clarke did not find any

in a large amornit of material.

The casts of the mterior show that the inner' layer of the shell was minutely punctate, and

a shell preserving some of the inner layers has every appearance of such a structure.

Observations.—This species differs from all recognized species of the genus by its surface

ribs and strise.

The specific name was given in honor of Mr. E. Billings. '

Formation and locality.—Middle Cambrian: (3e) Shale 25 feet (7.6 m.) above the basal quartzite, on Seeley

Street, St. John; (3b) shale at the base of the Paradoxides zone, at the head of Seeley Street, St. John; (301k) St. John

formation in the city of St. John; (301g) sandstones of Di\'ision Ic of Matthew, at Portland (now a part of the city o

St. John); (308h and 308i) shales in Portland (now a part of the city of St. John); (SOlj) shales of the St. John formation

at Ratcliffs Millstream; and (21 and 2m) limestone at the base of the Paradoxides zone [Matthew, 1895a, p. 108], on Han-

ford Brook; all in St. John County, New Brunswick, Canada.

PrOTOETHIS HELENA Walcott.

Plate XCIX, figures 4, 4a-b.

Protorthis helena Walcott, 190.5, Proc. U. S. Nat. Mus., vol. 28, p. 282. (Characterized and discussed essentially as

below as a new species.)

This species is founded on the cast of a ventral valve associated with Trematoholus Tcemfanum

(Matthew) . The form of the spondylium and area is much like that of Protorthis latourensis

(Matthew) (PI. XCIX, figs. 3b and 4b), but the smooth shell with its broad, romided mesial

sinus is tmlike that species and also other species of the genus. The shell appears to have

been thicker than that of P. latourensis. Only traces of growth lines are preserved on the

cast. The ventral valve is 10 mm. long, with a width of 14 mm. The cast shows that the teeth

and dental plates were unusually strong.

This species differs from all others of the genus by its smooth or nearly smooth siirface and

strong median sinus. It suggests Sijntrophia harabuensis (Winchell) at first sight, but there is

no evidence of a median septum supporting the spondyhum.

The specific name was given for IVirs. Walcott, who collected the specimen.

Formation and locality.—Middle Cambrian: (2u) Lowest beds exposed on the south side of Long Island, Ken-

nebecasis Bay [Matthew, 1898a, pp. 124 and 127], St. John County, New Brunswick, Canada.

Protorthis ? hunnebergensis Walcott.

Plate XCV, figures 5, 5a-c.

Protorthis f nunnebergensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 284. (Described and discussed as on p.

741 as a new species. The name "nunnefcer^ensis" was used under the impression that the correct spelling of

the type locality wds Nunneberg; the species occurs on Hunneberg.)
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Protorthisf hunnebergensis Walcott, Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 2

(Aftryck ur K. Fysiografiska Siillskapets Handl., N. F., Bd. 17), pp. 70-71, PI. II, figs. 5, 5a-c. (Described and
discussed. Figs. 5, 5a-c, in common with the remaining figures on PI. II of Moberg and Segerberg's paper,

were copied from a preliminary photograph of PI. XCV of this monograph.)

Shell transversely semielliptical, plano-convex. Surface with very fine ribs that increase

by interpolation and bifurcation; on some shells bands of slender ribs are delimited by stronger

ribs, usually 2 to 5, between 2 more prominent ribs; fine concentric striae give a crenulated

aspect to the radiating ribs. Casts of the interior and exterior appear to be minutely papillose,

indicating punctse in the shell.

Ventral valve moderately convex, with the apex curved down to the margin of the area;

area and interior luiknown. Dorsal valve flat or very slightly concave between the umbo
and margins; apex slightly elevated above the plane of the surface and cardinal line; a median
sinus is present in some shells.

Oiservations.—It is a little hazardous to refer this species to ProtortJiis, as only the general

form and surface are known. The nearly plano-convex valves and surface relate it more
nearly to ProtortJiis than to PlectortMs, and it does not appear to fall within Leptsena, Rafi-
nesquina, or Strophomena. The specimens were collected by Me. Schmalensee in a dark, argil-

laceous shale above the Ceratopijge limestone and below the lower graptolite shale.

The specific name is derived from Hunneberg, Sweden.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (390f) Shales

between the " lower graptolite slate " and the Ceratopygeliaiestone, at Mossebo, on Hunneberg, western boundary of

the Province of Skaraborg, Sweden.

,
Protorthis l^vis Walcott.

Plate XCIX, figures 6, 6a-b.

Protorthis Ixvis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 283. (Described and discussed as below as a new
species.)

Ventral valve transversely semicircular, moderately convex; surface of cast smooth; area

overhanging the hinge line at about 30° from the plane of the margin of the valve. The cast

shows a very clearly defined free spondylium. Shell about 6 mm. in width and 4 mm. in

length.

Tills is one of the few representatives of the genus known outside of the Atlantic basin

Cambrian fauna. Its smooth surface and incHned area distinguish it from other species of the

genus.

Formation and locality.—Upper Cambrian: (79a) "St. Croix sandstone" in a quarry and ledge 0.5 mile

(0.8 km.) southeast of the county courthouse, Menomonie, Dunn County, Wisconsin.

j

Protorthis latourensis (Matthew).

Plate XCIX, figures 3, 3a-d.

Kutorgina Zatowrensis Matthew, 1886, Trans. Roy. Soc. Canada, vol. 3, sec. 4, No. 4, pp. 42^3, PI. V, figs. IS, 18a-c.

(Described arid discussed. None of the specimens represented by figs. 18, 18a-c are figured in this monograph.)

Kutorgina latourensis (Matthew), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 93,

95, and 233, PI. IV, figs. 18-20. (Discussed.)

Protorthis latourensis (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 282-283. (Original description,

Matthew, 1886, pp. 42-43, copied, and species discussed as 'on p. 742.)

The original description by Matthew follows

:

Valves narrowly semicu'cular, broader than long, fiat; umbones low; greatest thickness in the posterior third;

hinge line shorter than the width of the shell.

Dorsal valve with a distinct median depression extending from the umbo to the front margin, and with low

ridges diverging from the beak toward the lateral third of the front of the valve. Umbo not elevated above the hinge

area, which is exceedingly narrow or absent. Hinge line with two shai-p slightly projecting teeth near the umbo
(crura?).

Ventral valve with a narrow median ridge extending two-thirds of the length of the valve toward the front mar-

gin; also with a fainter ridge on each side diverging toward the lateral third of the border of the valve; umbo very



742 CAMBRIAN BRACHIOPODA.

low; hinge area perceptible, but very narrow, longitudinally striated, and having a minute tooth on each side of the

very narrow and small foraminal opening.

Surface ornamented with about forty or fifty fine, faint, radiating strise; those of the middle fifth are close, con-

tinuous, and straight; a few on each side of these are divergent, while those near the back of the shell are fainter,

closer than the last, and moderately arched outward toward the lateral borders. The surface of the valves is also

marked by very fine but distinct concentric strise, and at somewhat regular intervals by about twelve more distinct

lines of growth. The concentric strise are usually as distinct as the radiating. Casts of the interior of the valves exhibit

a smooth surface with some irregular, sinous, radiating strise.

Length, 7 mm.; width, 11 mm. Length of hinge line, 8 mm.

Ohservations.—Doctor Matthew kindly sent me the typical specimens of this species, and

from them and specimens in the collections of the United States National Museum sufficient

data were obtained to clearly show that the species belongs to Protorihis and not Kutorgina.

In figure 3b, Plate XCIX, the free spondylium is present. As far as laiown, the characters

of the area, teeth, and free spondylium are the same as in P. billingsi. The smooth

casts suggest Kutorgina [Hall and Clarke, 1892c, PI. IV, figs. 18-20], but the ribbed shells

recall P. quacoensis, and the area with open delthyrium and free spondylium places the species

in ProtortMs. Its very fine surface ribs differentiate P. latourensis from all other described

species.

The form described by Matthew [1886, p. 43, PI. V, fig. 19] as "Kutorgina pterineoides" is

not taken up in this monograph. The species is represented by one distorted specimen which

may not even be a brachiopod.

Formation and locality.—Middle Cambrian: (301w) Shales of Division lc2 of Mattheiv's section; (308h) shales

of Division Icl of Matthew's section; and (301g) shales of Division Ic of Matthew; all at Portland (now part of the

city of St. John), St. John County, New Brunswick.

Protorthis quacoensis (Matthew).

"^
Plate XCIX, figures 2, 2a-e.

Orthis quacoensis Matthew, 1886, Trans. Roy. Soc. Canada, vol. 3, sec. 4, No. 4, pp. 43^4, PI. V, figs. 20, 20a-c. (De-

scribed and discussed. The two specimens represented by figs. 20-20a and 20b-20c are redrawn in this

monograph, PI. XCIX, figs. 2e and 2b, respectively.)

Orthisina? quacoensis Matthew, 1891, Trans. Roy. Soc. Canada, 1st ser., vol. 8, sec. 4, No. 6, p. 131. (Mentioned and

generic reference changed.)

Protorthis quacoensis (Matthew), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 232,

PI. VIIA, fig. 21. (Changes generic reference.)

Billingsella quacoensis (Matthew), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 159. (Merely changes generic

reference.)

Protorthis quacoensis (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 284-285. (Original description,

Matthew, 1886, pp. 43-44, copied and species discussed as below.)

The original description by Matthew follows

:

A small species. Subquadrate to semielliptical in outline, broader than long, widest near or at the hinge line,

which is not produced; moderately convex, highest in the posterior third, flattened toward the front and sides.

Umbones not prominent.

The dorsal valve rises rapidly from the hinge line, and has but a narrow, flattened space at the angles. It is about

one-third as high as it is long. The hinge plate has a narrow area, which is striated lengthwise, and bears two tooth-

like processes close to the umbo, the point of which is bent down to the hinge line.

The ventral valve is somewhat more elevated than the dorsal. Hinge area triangular, sloping backward to the

umbo, and bearing fine stria parallel to the hinge line. Umbo elevated above the hinge line to a height fully equal to

one-third of the length of the valve. Foramen (delthyrium) large, truncate-pyramidal in outline.

Surface of the valves ornamented by about twenty rounded plicse, radiating (in the ventral valve) from the edge

of the hinge area; opposite the foramen (delthyrium) and not from the beak alone; those on the middle fifth of each

valve are crowded together; those outside of these are more prominent, and are continuous from the umbo; those

toward the hinge line are faintly marked and widely separated. The radiating plicae do not (or rarely) increase by

bifurcation. Both valves bear numerous concentric strise and are also marked by a few distinct squamose lines of growth.

The mold or cast of the interior of the valves of this species is nearly smooth, or is marked Ijy faint radiating

strise; the margm of the mold, however, often exhibits a crenulated appearance corresponding to the plicse of the

outer' surface. There is a wide, smooth median depression at the top of the mold of the dorsal valve, near the umbo.

Length of the valve in 0. quacoensis, 5 mm.; width, 8 mm.
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Observations.—Doctor Matthew very kindly sent me his types of this species and I have

had a number of drawings made from them. A glance at them and the illustrations of P.

billingsi shows that the two species are quite distinct and that P. quacoensis is unlike any other

shell referred to the genus.

As far as seen, the free spondylium of the ventral valve is short ; the teeth are clearly shown
in the cast. The pseudocruralium of the dorsal valve is much more clearly defined than in

P. billingsi (pc, PI. XCIX, figs. 2c. and 2e), the area is higher (Pi. XCIX, fig. 2c), and traces of

the adductor muscle scars are preserved (PI. XCIX, fig. 2d).

Formation and locality."—Middle Cambrian: (301m [Matthew, 1886, p. 44]) Shale of Division Ic of Matthew's
section on Porters Brook, St. Martins; (3b) shale at the base of the Paradoxides zone, at the head of Seeley Street, St.

John; (301w) shales of Division lc2 of Matthew's section at Portland (now a part of the city of St. John); and (301g

[Matthew, 1886, p. 44]) sandstones of Division Ic at Portland (now part of the city of St. John); all in St. John County,

New Brunswick, Canada.

Protorthis wingi Walcott.

Plate XCIII, figures 5, 5a-c.

Protorthis wingi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 286. (Described and discussed as below as a new
species.)

General form transversely subelliptical. Surface marked by about 20 sharply ridged ribs,

with interspaces equal and usually greater than the width of the rib; shell with numerous
small and many larger and scattered punctse on the inner and outer surfaces. The largest

ventral valve has a length of 6 mm. ; width, 9 mm.
Ventral valve convex, elevated at the umbo and beak; area high and divided midway by

a strong delthyrium, which is partly closed by a concave free spondylium (sp) as in P. bil-

lingsi; teeth strong, dental plates extended toward the center to unite and form the free

spondylium.

Dorsal valve slightly convex, with a broad median sinus that is usually bounded by one

or two large ribs ; casts of the interior show a narrow area, broad delthyrium, and, opposite the

umbo, the cast of a small, broadly triangular, elevated area that probably served as the car-

dinal process for the attachment of the diductor muscles.

Observations.—This species is most nearly related to Nisusia (Jamesella) nautes (Walcott)

;

it differs, as far as Icnown, in the character of the interior of the dorsal valve, the large punctae

scattered among the fine punctffi, and the sharp-ridged ribs. One cast of an interior of a ven-

tral valve (PI. XCIII, fig. 5a) appears to indicate that the shell was without the free spondyl-

ium; it not infrequently occurs in Protorthis billingsi (Hartt) that the free spondyhum is

reduced to a narrow rim about the margin' of the delthyrium and it may be that in this shell

it was absent.

The specific name is given in memory of Kev. Augustus Wing, whose extensive, and excel-

lent work in the vicinity of Swanton, Vermont, was utilized by Billings and Logan in the reports

of the Geological Survey of Canada.

Formation and locality.—Upper Cambrian: (28) Shales about 100 feet (30.5 m.) above the Olenellus horizon

south of Highgate Falls, 0.25 mile (0.4 km.) east of Swanton, Franklin County, Vermont.

Protorthis sp. undt. Walcott.

Protorthis sp. undt., Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 286. (Described and discussed as below as

an undetermined species.)

Ventral valve convex, elevated at the umbo, apex incurved. The cast of the umbonal
cavity (pseudospondylium) indicates well-developed teeth and dental plates. On the cast six

radiating ribs occur in the distance of 1 millimeter; area about vertical. The surface of the

cast indicates that the interior layer of the shell was finely punctate. Length of valve 4.5

mm.; width, 5.5 mm.

" Matthew does not state which of the two localities, 301g and SOlm, is the type, though he [1S86, p. 82] locates the type specimen (PI. XCIX,
fig. 2b) in Division Ic of his Etcheminian. *
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Only one specimen of a cast of a ventral valve of this shell was found. It suggests by its

convexity and surface some of the more convex forms of Protorihis quacoensis

Formation and locality.—Upper Cambrian: (75) Thin-bedded limestone just below the base of the Ordovician,
'

in the Tonto group; near the water's edge at the mouth of Kanab Canyon, Grand Canyon of the Colorado, Arizona.

LOPEBIA Walcott, subgenus of PROTORTHIS.

Proiorthis (Loperia) Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 287. (Chai-acterized as below as a new sub-

genus.)

Protorihis {Loperia) Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 147. (Classifica-

tion of subgenus.)

This subgenus is characterized by the form of the valves. The ventral valve is elevated

at the umbo and flat or slightly concave from the umbo to the margins; the dorsal valve is

strongly and regularly convex. The description of the type species, Protorihis (Loperia)

dugaldensis Walcott, mcludes that of the subgenus, as it is the only species thus far known.

The subgeneric name is given in recognition of the effective work of Mr. S. Ward Loper,

who collected the material representing this and many other Cambrian fossils in Cape Breton

and New Brunswick.

Protorthis (Loperia) dugaldensis Walcott.

^
Plate XCIX, figm-es 5, Sa-j.

Protorthis {Loperia) dougaMensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 287-288. (Described and dis-

cussed as below as a new species.)

General form rounded subquadrate. Hinge line straight and shorter than the greatest

width of the shell; cardinal extremities obtusely angular. Relative convexity of the valves

reversed as in Dinorthis pectinella [Hall and Clarke, lS92c, PI. V, figs. 28-31] of the Ordovician

fauna. Surface of the valves with strong, simple, rounded ribs that increase by interpola-

tion; fine concentric striae and lines of growth, that sometimes form ridges, cross the ribs,

curving in the interspaces and over the ribs; these ribs are more prominent and numerous

(30 to 40) on the dorsal than on the ventral valve; on the latter the ribs are broad, with narrow

interspaces, and about 20 to 25 in number; casts of the exterior and interior surfaces have

numerous fine, thickly set, elevated papiUse that appear as the casts of the punctse in the layers

of the shell; on some specimens the papUlse are cylindrical and elevated, wliich indicates that

they penetrated deep into the shell substance. All indications point to a punctate shell; in

all the material representing the species the shell has been removed by solution, only the casts

of the inner and outer surfaces remaining.

The largest ventral valve in the collection has a length of 18 mm., width 25 mm.; dorsal

valve, length 22 mm., width 27 mm.
Ventral valve elevated at the umbo and gently concave from the umbo to the front margin

and flat to the cardinal extremities. Area relatively low and overhanging the hinge line at an

angle of about 45°; it is divided midway by a broad delthyrium that is more or less closed

by a deeply concave plate, which is crossed by the transverse strise of growth of the area. The

concave plate appears to be identical in form and position with the free spondylium of the

genus Protorthis. A cast of the interior (fig. 5) shows very strong teeth and supporting dental

plates; the edges of the dental plates appear to be continuous with the concave plate or free

spondylium.

Dorsal valve strongly and regularly convex, with a slight flattening of the median line

and sometimes a shallow sinus. Casts of the interior show a strong area, with a triangular

delthyrium; the umbonal cavity is strongly outlined by the crural plates so as to form a pseudo-

cruralium; crura well developed, with clearly defined tooth sockets back of them. No traces

of a cardinal process have been seen in ten specimens showing fine casts of the area, delthyrium,

and umbonal cavity.

Olservations.—This fine species is unique among Cambrian brachiopods in having a

depressed, flat, or convex ventral valve and strongly convex dorsal valve; in its punctate
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shell, free spondylium and absence of cardinal process, it is allied closely to Protorthis; the

depressed ventral valve and convex dorsal valve serve to distinguish it as a subgenus of Pro-

tortTiis.

The specific name is derived from Dugald Brook, Cape Breton.

Formation and locality.—Middle Cambrian: (lOy) Sandstone just beloiu the waterfall 0J5 mile (0.4 hm.) from,

the lower bridge in Division E2b of Matthew's [1903, p. 2f\ Etchemvnian, Dugald Brook, Indian River, eastern Cape

Breton, Nova Scotia.

(2u) Lowest beds exposed on the south side of Long Island, Kennebecasis Bay [Matthew, 1898a, pp. 124 and

127], St. John County, New Brunswick.

Subfamily BILLINGSELLIN^ Schucliert.

Genus WnVtANELLA Walcott.

Billingsella Walcott (in part) [not Hall and Clarke], 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 227-229. (Described

and discussed as on p. 749 (under Billingsella), but several of the species referred to the genus are now placed

under Wimanella.)

Wimanella Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 98-99. (Discussed somewhat as below as a

new genus.)

f^imanella Walcott, 1908, idem, vol. 53, No. 4, PI. XI, and pp. 142 and 148. (Classification of genus.)

This genus is proposed for the smooth nonplicate species that I have heretofore referred

to the genus Billingsella. The generic description of Billingsella includes the characters of

Wimanella with the exception that the latter is a smooth shell but for the presence of concentric

striae and lines of growth. Wimanella represents the smooth, early stages of development

and Billingsella the later, mature plicate stage of development of this section of the BillingsellidjE.

Type.— Wimanella simplex Walcott [1908d, p. 98].

Observations.—It is to be noted that Billingsella plicatella Walcott (PI. LXXXVI, figs. 3g
and 3h) includes some shells that are nearly smooth, and that B. higlilandensis (Walcott) (PI.

LXXXVII, figs. 4 and 4c) is very finely costate. The former species may be considered as

being in part a form intermediate between Billingsella Coloradoensis (Shumard) and Wimanella

Tiarlanensis (Walcott) . I think, however, that the species with smooth shells should be grouped

under a generic head, as they indicate a marked phase in the evolution of the forms formerly

grouped under Billingsella.

The generic name was given in recognition of the valuable work of Dr. Carl Wiman of the

University of Upsala, on the geology and paleontology of the Baltic region.

Wimanella? anomala (Walcott).

Plate LXXXVII, figmres 1, la-e.

Billingsella? anomala Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 230. (Described and discussed as below as a

new species.)

Shell subquadrilateral, with the dorsal valve transverse. On the ventral valve the cardinal

line slopes towar-d the beak at an angle of from 15° to 20°, while in the dorsal valve it is nearly

straight. The greatest width of the valves is about the middle of the shell. Owing to com-

pression and consequent distortion there is considerable variation in the relative proportions of

length and breadth. The cardinal angle is acute, in some instances extending out some distance

beyond the widest portion of the shell, resembling in this respect the cardmal angles of some

of the Strophomenidse. All of the specimens are so compressed in the shale that little is

preserved of their natural convexity. A low, broad, mesial sinus occurs on the dorsal valve,

and there is a shght flattening of the anterior central portion of the ventral valve.

The surface is marked by fine, radiating striae, that are increased in number toward the

front by the addition of interstitial strife, giving a fasciculate appearance to the surface. The

radiatiug striae are crossed by concentric lines of growth and fine striae. The surface as described

occurs in one specimen, all other specimens being nearly smooth. This, however, may arise
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from maceration and flattening out of the surface characters by compression. The interior of

the shell appears to have been covered by minute punctse.

The largest specimen of the collection has a transverse diameter of 14 mm. The average

siae of the ventral valve is about 8 mm. in height by 8 mm. in width.

Cardinal area about one-fifth the height of the shell. It is marked by transverse strise of

growth that cross it parallel to its base. Delthyrium rather broad. No traces of the deltid-

ium have been observed. Cardinal area of the dorsal valve short. It is divided midway by

a strong delthyrium. Notlung is known of the interior characters except the presence of a short

crura in the dorsal valve.

Ohservations

.

—This shell occurs quite abundantly in the very fine, buff-colored, argilla-

ceous shales of the Coosa Valley Cambrian section. There is some doubt as to its surface char-

acters, as only one specimen found m the same beds has traces of radiating striae, and these

may be from the interior radiating fines. All others appear to be nearly smooth. Its strongest

character is the extension of the cardinal angle. Owing to the imperfection of the material the

generic reference is doubtful.

The species was anomalous while under BiUingseJla, to wliich it was first referred, hence

the specific name.

Formation and locality.—Middle Cambrian: (90) Conasauga ("Coosa") shale, on Ed-n-ards farm, near Craigs

Mountain, about 10 miles (16.1 km.) southeast of Center, Cherokee County, Alabama.

WiMANELLA HAELANENSIS (Walcott)

.

Plate LXXXVII, figures 5, 5a-d.

Billingsella harlantnsis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 236. (Characterized and discussed as below

as a new species.)

The general form and convexity of this shell is similar to that of Billingsella plicateUa

Walcott. It difl'ers in having a nearly smooth surface marked only by fine concentric striae

and a few traces of narrow, sharp radiating costae. The interior of the ventral vah^e has very

strong main vascular sinuses and a deep, sharply defined, tripartite umbonal area opposite the

delthyrium; the tripartite area is much like that in Billingsella coloradoensis (Shumard) and

B. exporrecta (Linnarsson) . The main vascular sinuses pass directly back across the ridge in

front of the tripartite area and occupy the two lateral divisions of the area. The interior of the

dorsal valve represented in figure 5a shows an abnormal arrangement of the vascular markings

and muscle scars.

The specific name is derived from Harlan Knob, Tennessee.

Formation and locality.—Middle Cambrian: (107) Limestone in Bull Run, northwest of Copper Ridge [Keith,

1896b, areal geology sheet], 11 miles (17.6 km.) northwest of Knoxville, Knox County; and (121) Rogersville shale,

roadjxist east of Harlan Knob, 4 miles {6.4 hra.) northeast of Rogersville {Keith, 1905, areal geology sheet], Hawkins County;

both in Tennessee.

WiMANELLA INYOENSIS Walcott.

Text figures 63A-B, page 747.

Wimanella inyoensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 99, PI. X, fig. 4. (Described as below

as a new species. Fig. 4 is copied in this monograph as fig, 63A.)

This species is represented by numerous specimens in the form of casts in a calcareous

sandstone. All of the shells are more or less compressed and distorted. Some of those best

preserved indicate that the general outline was transverse. A specimen 6 mm. in length has a

width of 7 mm. The two specimens illustrated (figs. 63A and 63B) occur on the same fragment

of rock and illustrate fairly well the difference in outline; it may be that figure 63A is the

narrow ventral valve and figure 63B the. broader dorsal valve.
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The most strikmg feature is the presence of two strong radiating ridges tliat originate near

the beak and extend forward nearly to the frontal margin. These ridges may be tlie casts of

the main vascular sinuses or it may be tliat they represent

ridges on the exterior of the shell, one on each side of the

shallow median sinus. At present, with the material before

me, I am inclined to the view that they represent the casts

of sinuses and hence the provisional generic reference to

Wimanella.

Nothing is Itnown with certainty of the outer surface

or of the substance of the shell. The interior casts and the

matrices of the casts show two strong radiating ridges, the a B
shell substance havmg apparently been removed and its ytcvuE m.-wimanciia tnynemis wnicott. a, b,

1 1 i_ 1 j_i i> J

1

T i 1 i* 'i Narrow and broad forms showing the two Strong
place lost by the compression Ot the sediment before its ridgesonthecastthataresupposed to represent

consolidation. ^^^^ main vascular sinuses (U. S. Nat. Mus. Cat.

mi ./^ • 1 1 c T /~i J i-1 T Nos. 52255a and 52255b, respectively).
ihe specmc name is derived from inyo County, Call- _ * , , t ,•* =>.^ J j7 Ihe specunens represented are from Locality 8b,

lOrnia. Lower Cambrian, Inyo County, California. Figure

e.3A is copied from Walcott [190Sd, PI. X, fig. 4).

Formation and locality.—Lower Cambrian: (8b) Limestones in it represents the type specimen.

Tollgate Canyon, about 15 miles (24.2 km.) east of White Pine, White
Mountain Range, Inyo County, California.

Wimanella saffoedi (Walcott).

Plate LXXXVII, figures 7, 7a.

BilUngsella saffordi Walcott; 190-5, Proc. U. S. Nat. Mus., vol. 28, p. 244. (Described and discussed as below as a

new species."!

General outUne of ventral valve subsemicircular and of dorsal valve transvei'sely broad

oval; greatest width of A^alves at about the center; hinge Hne straight and a little shorter than

the greatest width of the shell. A typical ventral valve has a length of 9 mm., width 9 mm.
Dorsal valve, length 10 mm., width 12 mm. Biconvex, the ventral valve being more elevated

at the umbo than the dorsal. Surface, so far as known, smooth or marked by concentric

strife, and lines of growth.

Ventral valve with umbo curvmg over and terminating in the small apex that incurves a

little over the area; area about one-half the elevation of the valve; a broad delthyrium is partly

covered by a convex deltidium; casts of the interior indicate a low, tripartite pseudospondylium

and one cast shows strong main vascular sinuses extending from the lateral divisions of the

pseudospondylium nearly to the front margin. Dorsal valve with low area and small pseudo-

cruraUum; the casts are too imperfect to show any other details.

Observations.—This species occurs in the same region as Wimanella harlanensis (Walcott) and
also has a smooth shell; it differs in being of equal length and breadth and in having less strongly

marked interior characters.

The specific name is given in recognition of the work of Mr. J. M. Safford upon the geology

of Tennessee.

Formation and locality.—Middle Cambrian: (14a) Sandstone of the Rome formation, along First Creek Gap,

4 miles (6.4 km.) north-northeast of Knoxville [Keith, 1905, areal geology sheet], Knox County, Tennessee.

Wimanella shelbyensis Walcott.

Plate II, figures 9, 9a.

Wimanella shelbyensis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 100, PL X, fig. 3. (Described and

discussed as below as a new species. Fig. 3 is copied in this monograph, PL II, fig. 9.)

All the specimens representmg this species in the collection are flattened in the shale to

such an extent that very little of the original convexity of the shell is retained, and only the

impression of the shell remains, as the shell substance has been entirely removed, probably by
solution. The general form of tliis species resembles very closely that of BilUngsella PappalacTiia.
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The casts show a strong cardinal area on the ventral valve, with a broad delthyrium, but not a

pseudodeltidium; the dorsal valve has a narrow cardinal area with a broad open delthyrium.

The exterior surface is marked by fine concentric Imes and a few stronger varices of growth.

A small ventral valve has a length of 8 mm., with a width of 10 mm. A larger one has a length

of IS mnl.; width, 22 mm. A small dorsal valve has a length of 10 mm.; width, 13 mm.; and

the largest dorsal valve in the collection has a length of 19 nim.; width, 25 mm.
None of the specimens show any traces of vascular or muscular markings; in this respect

resembhng Wimanella? anomala (Walcott) (PI. LXXXVII) and Billingsella? appalachia Walcott

(PI. LXXXVII).
This species appears to be the Lower Cambrian representative of W. ? anomala of the Middle

Cambrian, differing from the latter in ha-^dng rounded cardinal angles instead of the acute

projecting angles so characteristic of W. f anomala. BiUingsella ? appalachia has the same general

form as W. shelhyensis, but the latter differs from it in having a smooth surface and m the absence

of all traces of radiating ribs.

It more nearly resembles Wimanella simplex Walcott (PI. LXXXIX, fig. 2). It differs

from the latter in being more transverse, and the cast of the umbonal cavity is relatively smaller.

It is a curious fact that in all the species of Wimanella mentioned there is no trace of a

vascular marldng or muscle scar. All the species occur in argillaceous shale, and none of them

preserve the shell substance. The shells appear to have been macerated and removed by

solution, leaving only a cast of the compressed inner or outer surface of the valve.

The specific name is derived from Shelby County, Alabama.

Formation and locality.—Lower Cambrian: (17b) Shale in Rome (" Montevallo") formation, 4 miles (6.4 im.)

south of Helena; and (56o) shale in Rome ("Montevallo") formation along road just north of Buck Creek, 1.125 miles

(1.8 km.) northeast of Helena; both in Shelby County, Alabama.

Wimanella simplex Walcott.

Text figure 64; Plate LXXXl'X, figures 2, 2a-e.

Wimanella simplex Walcott, 1908f, Smithsonian Misc. Coll., vol. 53, No. 3, p. 101, PI. X, fig. 2. (Discussed as below

as a new species. Fig. 2 is copied in this monograph, PI. LXXXIX, fig. 2.)

The general form of this species is much like that of BiUingsella coloradoensis, except that

the beak of the ventral valve rises above the hinge line, much as ini?. highlandensis (PL LXXXVII,
figs. 4, 4a). The surface of W. simplex appears to be smooth except for

r'~"l§^^^s»
a few concentric lines of growth. Nothing is known of the interior

\ except what is shown by the cast of the umbonal cavity. A crushed

! specimen with the two valves flattened out (fig. 2e) indicates that the

1^^' T beak of the dorsal valve was slightly elevated above the liinge line; it

^||^ ^,- is probable that figure 2 represents a dorsal valve. All the specimens

are flattened in shale, and the shell substance has been removed by solu-
FiBiTRE 6i.— Wimanella simplex

. . , • •
r-

, i j , , c

Walcott. Interior of a com- tioii. llie material IS uusatislactory, but as it represents a species oi

pressed dorsal valve. Found ^^^g smooth type from a knowii horizon in the Middle Cambrian, it is
in Locality 35c, in a drift .

i
• •£•

block of Lower Cambrian illustrated and given a specific name.
sliale on Mount Bosworth, „ , . ,. x ,, „ ^ . /„j \ 7 j,

British Columbia (U.S. Nat. FORMATION AND LOCALITY.—Lower Cambrian: (4v) About 200 feet (61 m.) above the

Mus. Cat. No. .51407). iinconform,able base of the Cambrian and 75 feet (22.9 m.) above the top of the quartzitic sand-

stones in a shale which corresponds in stratigraphic position to shale No. 6 of the Dearborn

River section [Walcott, 190Sf, p. 202], Gordon Creeh, 6 miles (9.6 km.) from South Fork of Flathead River; and (4ci and

4w) about 315 feet (96 m.) above the unconformable base of the Cambrian and 190 feet (57.9 m.) above the top of the

quartzitic sandstones in a shale which corresponds in stratigraphic position to shale No. 6 of the Dearborn River

section [Walcott, 1908f, p. 202], on Youngs Creek, about 5 miles (8 km.) from its junction with Danaher Creek; both

in the Ovando quadrangle (U. S. Geol. Survey), Powell County, Montana.

(35c) Drift blocks of siliceous shale supposed to have come from the Mount Whyte formation [Walcott, 1908f,

p. 214], found on the south slope of Mount Bosworth, a short distance northwest of the Canadian Pacific Railway track

between Stephen and Hector, eastern British Columbia, Canada.
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Genus BILLINGSELLA Hall and Clarke.'^

Billingsella Hall and Clarke, 1892, Eleventh Ann. Kept. State Geologist New York for 1891, p. 273. (Described.)

Billingsella Hall and Clarke, 1892, Forty-fifth Ann. Rept. New York State Museum for 1891, p. 589. (Copy of

preceding reference.)

Kutorgina Hall and Clarke [not Walcott], 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 90-94. (Copies

Walcott's description, lS86b, pp. 101-102, and discusses genus, but description and discussion also include refer-

ence to specimens now referred to Billingsella, Protorthis, Micromitra, Micromitra (Paterina), and Micromitra

(Iphidella) .)

Billingsella Hall and Clarke (in part), 1892, idem, pp. 230-231. (Described and discussed as a new genus. The
genus as described also included species now referred to Nisicsia.)

Billingsella Hall and Clarke, Schuchert (in part), 1897, Bull. U. S. Geol. Survey No. 87, p. 158. (Characterized

and discussed. The genus Protorthis is placed as a synonym of Billingsella, and among the species referred to

the latter genus are species belonging with both Protorthis and Nisusia.)

Billingsella Hall and Clarke, Walcott (in part), 1905, Proc. IT. S. Nat. Mus., vol. 28, pp. 227-229. (Described and

discussed essentially as below. Species that are now referred to Winianella were included in the genus.)

Billingsella Hall and Clarke, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 210. (Described.)

Billingsella Hall and Clarke, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 148.

(Classification of genus.)

Shell subquadrate or subsemicircular in outline. Contour unequally biconvex or plano-

convex. Shell impunctate. Surface striate or plicate. Ventral valve with the greatest con-

vexity; cardinal area moderately high, slightly inclined outward; delthyrium covered by a

convex plate which in the type species B. coloradoensis has a minute perforation near the apex;

teeth well developed, with dental plates extending to the bottom of the umbonal cavity and
forming the sides of a small area opposite the delthyrium, where the pedicle muscle was probably

attached. In the dorsal valve the cardinal area is strongly inclined, but less than 90° to the

plane of the valve. The delthyrium is partly covered by a convex chilidium, or it may be

altogether absent. Cardinal process single. A rudimentary spondylium is indicated for B.

dice. Shell structure dense, minutely granular, with minute pores scattered through the

calcareous lamellse.

Type.—Orihis coloradoensis Shumard.
Observations.—Hall and Clarke [1892c, p. 230] founded the genus on "Orihis pepina" Hall,

which is a synonym of "Orthis coloradoensis" Shumard. The material from the limestones of

Texas in the United States National Museum shows the form of the teeth in the ventral valve,

also the deltidium and the minute perforation near its apex. Hall and Clarke [lS92c, p. 230]

state in their diagnosis that "in rare instances (it) may be minutely perforated at the apex," but

do not name the species in which the perforation occurs or where the specimens showing it are

to be found. All the species known to me are biconvex or plano-convex; none are concavo-

convex as defined by Hall and Clarke [lS92c, p. 230].

The genus is essentially orthoid, but it differs in the presence of the arched deltidium and

its general aspect from typical examples of the Orthidte, and its shell is of a dense, nonfibrous

structure.

o The synonymy for this genus does not give a complete record of the various genera under which the species now included in BilJingsella were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record the following mere generic

references are listed

:

Orthis Barrande [1848, p. 203].

Orthis Shumard [1860, p. 627).

Orthis Hall [1863, p. 134; 1867, p. 113].

Orthis Davidson [1868, p. 314; 1869, p. 230].

Orihis Linnarsson [1876, pp. 10, 12, and 13].

Orthis Barrande [1879b, PI. LXH, fig. 11].

Orthis Whitfield [1882, p. 170].

Orthis? (Orthisina?) Hall [1883, PI. XXXVII, figs.

16-19].

Orthis Kayser [1883, p. 35].

Kutorgina Walcott [1884b, p. 18].

Orthisina Whitfield [ 1884, p. 144].

Orihis? Walcott [1886b, p. 119).

Orthisina Walcott [18S6b, p. 120).

Orthis Walcott [1887, p. 190].

Orthis Oehlert [1889, p. 1139).

Orthis? Walcott [1891a, p. 612].

Orthisina Walcott [1891a, p. 613).

Clitambonites (Gonambonitcs) Matthew [1895b,

p. 267].

Orthis Wallerius [1895, p. 66).

Orthis Pompeckj [1896b, p. 513].

Orthis (Billingsella) Sardeson [1896, p. 96].

Clitambonites Schuchert [1897, p. 184).

Billingsella Walcott [1899, p. 450). .

Billingsella Matthew [1903, p. 148).

Orthis iPlectorthis) Walcott [1905a, p. 270).

Billingsella Walcott [1908d, pp. 101 and 102].
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Of the species referred to the genus, Billingsella exporreda is one that departs from the

typical species in the absence of a strong convex deltidium, and B. dice has a rudimentary

spondyUum in the ventral valve, a character not developed in other species of the genus.

For the relations of Billingsella to Nisusia, see remarks under the latter genus, page 725.

The genus was named in honor of Mr. E. Billings.

Billingsella ? appalachia Walcott.

Plate LXXXVII, figures 2, 2a-b.

Billingsella ? appalachia Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 231. (Described as below as a new species.)

The outline of the dorsal valve is rounded subquadrate. The height and width of the

ventral valve are about the same. Dorsal valve slightly transverse.

The surface is marked by round, very fine, radiating costse, and lines of growth, with very

fine interstitial concentric striae.

The average ventral valve is about 10 mm. in height, with an equal width. The largest

shell observed was a ventral valve with a width of 14 mm.
Cardmal area of the ventral valve rather low. It is divided midway by a rather strong

delthyrium.

Observations.—In form and size this shell is much like that of Wimanella? anomala. It

differs in its strongly marked surface characters. All the specimens are flattened in the shale

and nothing is known of the interior characters.

Formation and locality.—Middle Cambrian : (121) Rogersville shale, road jiist east of Harlan Knob, 4 miles

(6.4 km.) northeast of Rogersville [Keith, 1905, areal geology sheet], Hawkins County, Tennessee.

This species is somewhat doubtfully identified from the following locality

:

Middle Cambrian: (14) Limestones overlying the sandstones of the Kome formation, near the wagon road and

in a quarry near the railroad track, 7 miles (11.2 km.) southwest of Rome [Hayes, 1902, historical geology sheet], Floyd

County, Georgia.

Billingsella bivia n. sp.

^ Text figures 65A-C.

The specimens of this species are preserved in a sandstone and usually occur in the form

of flattened casts. The valves are transverse m outline, equally convex, and have their great-

est width at the hinge line. The beak of the ventral valve projects over the hinge line and

FiGxiKE 65.—ijZZmysdia iiora n. sp. A, A', Top and side view of exfoliated dorsal valve, the type specimen, from Locality 14 1, Lower Cambrian,.

near Resting Springs, Inyo County, California (U. S. Nat. Mus. Cat. No. 62254a). B, Enlargement (xabout 6) of the outer surface, with strong and

flne radiating ribs, otashell from Locality 14p, Lower Cambrian, near Resting Springs, Inyo County, California (U. S. Nat. Mus. Cat. No. 51404).

C, Ventral valve from Locality 141, Lower Cambrian, near Resting Springs, Inyo County, California (U. S. Nat. Mus. Cat. No. 52254b).

is flattened so that it barely rises above the plane of the margins of the shell. The hinge

line of the dorsal valve is broadly rounded, and most of the specimens show a fairly well

marked mesial sinus. A dorsal valve preserving the outer surface shows it to have been

covered by coarse, radiating costae, each of which is marked by a number of minute radiating

ridges.

The species is closely related to Billingsella MgUandensis (Walcott), but differs from that

species in being more transverse in outline, m the absence of a concentric striation, and in

other details of surface sculpture, and in the prominence of the mesial sinus.

Formation and locality.—Lower Cambrian: (141) Sandstones about 2,800 feet {853 m.) below the Middle

Cambrian in a horizon correlated with No. 2j of the Silver Peal group of the Waucoba Springs section [Walcott, 1908f, p.
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187], in the pass about 7 miles {11.2 hm.) east of Resting {Freshwater) Springs; and (14p) sandstones near Resting (Fresh-

water) Springs; bothi in the southwest corner of T. 21 N., R. 8 E., on Amargosa River, in the southeastern part of Inyo

County, California.

BiLLiNGSELLA coLORADOENSis (Shumard).

Text-figures 6, page 299, 66; Plate LXXXV, figm-es 1, la-z.

Orthis coloradoensis Shumard, 1860, Trans. Acad. Sci. St. Louis, vol. 1, p. 627. (Described as a new species.)

Orthis pepina Hall, 1863, Sixteenth Ann. Rept. New York State Cab. Nat. Hist., pp. 134-135, PI. VI, figs. 23-27.

(Described and discussed as a new species.)

Orthis pepina Hall, 1867, Trans. Albany Inst., vol. 5, p. 113, PL I, figs. 23-27. (Copy of preceding reference.)

Orthis pepina Hall, Whitfield, 1882, Geology of Wisconsin, vol. 4, pt. 3, pp. 170-171, PL I, figs.. 4 and 5. (Described

and discussed.)

Orthis? {Orthisina?) pepina Hall, 1883, Second Ann. Rept. State Geologist New York for 1882, PL XXXVII, figs.

16-19. (Figs. 16-19 are copied from Hall, 1863, PL VI, figs. 23, 25, 24, and 26, respectively.)

Billingsella pepina (Hall), Hall and Clarke, 1892, Eleventh Ann. Rept. State Geologist New York for 1891, PL VIII,

figs. 1 and 2. (No text reference.)

Billingsella pepina (Hall), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 230, PL VII,

figs. 16-19; PL VIIA, figs. 7-9. (Mentioned in description of genus. PL VII, figs. 16-19, are copied from
Hall, 1863, PL VI, figs. 23, 25, 24, and 26, respectively. Figs. 8 and 9 are copied from figs. 1 and 2, respec-

tively, of the preceding reference.)

Orthis {Billingsella) pepina (Hall), Sardeson, 1896, Bull. Minnesota Acad. Nat. Sci., vol. 4, No. 1, pt. 1, p. 96. (New
localities mentioned.)

Billingsella coloradoensis (Shumard), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 158. (Merely changes

generic reference.)

Billingsella coloradoensis (Shumard), Walcott, 1899, Mon. U. S. Geol. Survey, vol. 32, pt. 2, pp. 450-451, PL LXI,
figs. 1, la-d. (Discussed and characterized. Figs. 1, la-d are copied in this monograph, PL LXXXV, figs.

la, Ig, Iw, lo, and It, respectively, figs. Iw and It being slightly altered.)

Billingsella coloradoensis (Shumard), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 231-234. (Described and
discussed essentially as below.)

Billingsella coloradoensis (Shumard), Grabau and Shimee, 1907, North American Index Fossils, vol. 1, p. 210. (Char-

acterized.)

Shell usually transverse but in many examples the ventral valve is longer than wide.

The general outline is irregularly subquadrate to subsemicircular. On the ventral valve the

hinge line slopes toward the beak at a low angle while in the dorsal valve it is nearly straight.

In some individuals the greatest width is at the hinge line.

In others it is at about the middle. There is considerable

variation in the relative proportions of length and breadth.

The ventral valve is slightly more convex than the

dorsal. The degree of convexitj^ of the two valves varies

considerably m specimens irom dinerent localities, borne or posterior view of a ventral vaive showing

the ventral valves from beds at Franconia, Minnesota, and pedicle opening in the deitidium; from Locai-

,1 1 n i! m 1 TUT- J. 1
ity 70, Upper Cambrian, on Morgans Creek,

the young shells from Trempealeau, Wisconsin, are strongly T^^g^ (u. s. Nat. mus. Cat. No. 34777a).

convex.

A low, broad, median sinus occurs on nearly all specimens of the dorsal valve, being straight

in the young shells, and occasionally a shallow sinus is clearly defined on the ventral valve.

It is quite rare to find a well-marked median fold on the ventral valve.

The surface is marked by sharply rounded, radiating costse crossed by fine concentric

lines of growth and very fine, slightly undulating, concentric stride . The size and sharpness of

the radiating ribs vary greatly in specimens from the same bed at the typical locality in Texas.

Shells occur with strong rounded costse, and no traces of fine elevated lines between, whereas

others show from one to four or more lines that start at varying distances from the beak. The
imbricating lines of growth give a concentrically ridged aspect to some shells, though others

are nearly smooth from beak to frontal margin. The increase in the number of ribs is by
interpolation, not by bifurcation.

There is considerable variation in the size of the shell. The largest specimens from Texas
have a transverse diameter of 19 mm., with a length of 14 mm. for the dorsal valve, and about
18 mm. for the ventral valve. Specimens of the ventral valve from the Yellowstone National

Park have a length of 14 mm. with a width of 15 mm.
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Cardinal area of ventral valve moderately high. It is marked by transverse striae of

growth that cross it parallel to its base and arch over the convex deltidium. The plane of the

area extends backward at an angle of about 10° to the plane of the margin of the shell. The

delthyrium is strong and covered by a convex deltidium, the front margin of which arches

back about one-fifth the length of the delthyrium. The deltidium is marked by concentric

strise of growth and fine radiating lines and a minute perforation near its apex. The cardinal

area of the dorsal valve is short as compared with the ventral valve. It extends backward

at an angle of about 45° to the plane of the margin of the valve. It is divided midway by a

strong delthyrium which is covered for about half its distance by a convex chilidium.

In the interior of the ventral valve the hinge teeth appear to be supported by dental

plates that extend down to the bottom of the valve and bound the tripartite umbonal space

opposite the delthyrium into which the vascular sinuses extend on each side of the diductor

muscle impressions, or their path of advance. The traces of the vascular system are confined

to the main vascular trunks which extend forward nearly to the front margin, where in some

examples they are bifurcated. The inner branch extends in toward the median line, disap-

pearing in the numerous radiating depressions near the margin. The lateral branches appear

to connect with the peripheral canal that arches about the space probably occupied by the

ovarian areas, between itself and the main vascular trunks. The space for the attachment of

the muscles between the main vascular trunks appears to have been quite large, extending for-

ward to the anterior fifth of the length of the valve, but no subdivisions indicating the points

of attachment of the different muscles have been detected. The pedicle muscles were probably

attached to the elevated, posterior portion of this central area. In some casts this posterior

area is scarcely elevated above the plane of the interior. In others it is fairty prominent.

In the interior of the dorsal valve the interior of the deltidial cavity supports a small w^U-

developed cardinal process or callosity, and a slight narrow median ridge occurs just in advance

of the deltidial cavity. The crura are short and well defined, with relatively shallow dental

sockets beside them. The cardinal process and crura vary in size and length in shells from

the same locality. The only traces of the muscle scars observed show the anterior adductor

impressions. The vascular trunks of the dorsal valve diverge from the central line about the

center of the shell, after passing around the adductor muscle impressions.

Observations.—The average size of the typical specimens from Texas is from 10 to 14 mm.
in length for the ventral valve, the width being about the same. At one locality on Morgans

Creek several dorsal valves were found that have a width of 18 mm., with a length of 12 mm.
This may possibly indicate a variety or distinct species, but with the material in the collec-

tion it is impossible to determine definitely. The shells from the upper Mississippi Valley in

Wisconsin and Minnesota average about the same size as the typical forms from Texas. The

young shells are much more convex. The material from the Gallatin Eange, Yellowstone

National Park, is also much like that from Texas, but that from the limestone near Malade,

Idaho, though it contains typical shells, also has specimens as large as those from Morgans

Creek, Texas.

BiUingseUa major differs from B. Coloradoensis in the character of the surface striation,

also in its larger size. BiUingseUa plicateUa is a uniformly smaller and more convex shell, and

also has distinct surface characters. The same is true of B. striata.

Formation and locality.—Lower Ordovieian: (339 [Sardeson, 1896, pp. 95 and 96]) Oneota dolomite, Still-

water, Washington County, Minnesota.

Upper Cambrian : (302ii) About 1,000 feet (305 m.) above the quartzitic sandstones in the '

' Yogo limestone (Devono-

Silurian)" of W. H. Emmons [1907, p 34], on Rock Creek, Phillipsburg quadrangle (U. S. Geol. Survey), Granite

County; (302r) same horizon as Locality 302q, near Princeton, Phillipsburg quadrangle (U. S. Geol. Survey), Granite

County; (302f) limestone in upper part of the Gallatin formation, north side of Elk Pass, between Buffalo and Slough

Creeks, Yellowstone National Park, Livingston quadrangle (U. S. Geol. Survey); (147a) limestone in Spring Hill

Canyon, west side of the Bridger Range, Gallatin County; and (155) limestone north of East Gallatin River, near

Hillsdale, Threeforks quadrangle (U. S. Geol. Survey), Gallatin County; all in Montana.

(302p) Middle limestone of the Deadwood formation near the summit of the Owl Creek Mountains, 18 miles (29

km.) southwest of Thermopolis, Fremont County; (302g) limestone on the north slope of Crowfoot Ridge south of the
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Gallatin Valley, Gallatin quadrangle (U. S. Geol. Survey), Yellowstone National Park; and (302h) limestone on the
divide between Panther Creek and West Gallatin (Gallatin) River, Gallatin quadrangle (U. S. Geol. Survey), Yel-
lowstone National Park: all in Wyoming.

(4y, 5a, 5c, and 54t) Limestones about 250 feet (76 m.) above the Middle Cambrian; (64x) limestone about 200

feet (61 m.) above the Middle Cambrian; and (54u) limestone about 100 feet (30.5 m.) above the Middle Cambrian;
all in the St. Charles formation [Walcott, 1908a, p. 6], on the north side of Twomile Canyon, near its mouth, 2 miles

(3.2 km.) southeast of Malade, Oneida County, Idaho.

(56g) Limestones of the St. Charles formation [Walcott, 1908a, p. 6], in the valley of the stream which flows into

Mill Canyon from the west, about 6 miles (9.6 km.) west-southwest of Liberty, and 15 miles (24.2 km.) west of

Montpelier, Bear Lake County, Idaho.

(54e) About 200 feet (61 m.) above the Middle Cambrian and 1,025 feet (312.4 m.) below the top of the Upper
Cambrian, in limestones forming 3 of the St. Charles formation [Walcott, 1908f, p. 193]; (31m and 55h) about 175 feet

(53.3 m.) above the Middle Cambrian and 1,050 feet (320 m.) below the top of the Upper Cambj-ian, near the base of

the limestones forming 3 of the St. Charles formation [Walcott, 1908f, p. 192]; and (54f) 150 feet (45.7 m.) above the
Middle Cambrian and 1,075 feet (327.7 m.) below the top of the Upper Cambrian in the light-gray sandstone forming
4 of the St. Charles formation [Walcott, 1908f, p. 193]; all in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east

of Hyrum, Cache County, Utah.

(141)) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2

km.) south of the San Saba County line, in Llano County; (14g) limestone 1 mile (1.6 km.) west of Cherokee, San
Saba County; (68 and 68e) interbedded sandstone and limestone, Packsaddle Mountain, Llano County; (69) lime-

stone near Honey Creek, Burnet County; (70, 70a, and 70e) limestones near Morgans Creek, Burnet County; (353a

[Shumard, 1S60, p. 627]) sandstones near the head of Morgans Creek, Burnet County; and (71) limestone in Cold Creek
Canyon, Burnet County; all in Texas.

(369e) Sandstone on Big River, Iron County; (369d) upper portion of the Elvins formation, 2.5 to 3 miles (4 to

4.8 km.) north of Caledonia, Washington County; (11 1) arenaceous limestone of the Elvins formation, 50 feet (15.2 m.)
above the "Edgewise beds," St. Francois County; and (lid) arenaceous limestone about 2 miles (8.2 km.) north of

Montana, in sec. 22, T. 35 N., R. 1 E., Iron County; all in Missom-i.

"St. Croix sandstone" at the following localities: (78) Quarry near St. Croix River in suburbs of Osceola, Polk
County; (79) bluff near Hudson, St. Croix County; (79a) ciuarry and ledge 0.5 mile (0.8 km.) southeast of the
county courthouse, Menomonie, Dunn County; (100) near Menomonie, Dunn County; (80a) 4 miles (6.4 km.) north
of Reedsburg, Sauk County; (B3') uppermost horizon near Trempealeau, Trempealeau County; (97a) near Winfield

Jefferson County; (328c) at Alma, Buffalo County; and (328d [Whitfield, 1S82, p, 171]>at Berlin, Green Lake County;
all in Wisconsin.

(83^) Green-sand horizon in the "St. Croix sandstone" below the "fifth trilobite bed" of Owen, at Trempealeau,
Trempealeau County, Wisconsin.

"St. Croix sandstone " at the following localities: (84a) River Junction, Houston County, 20miles(32.2km.)below
Dresbach; {9Tb) below the green-sand bed and about 25 feet above St. Croix River, at Franconia, Chisago County
(86a) near Red Wing, Goodhue County; (97 and S97x) at Reads Landing, foot of Lake Pepin, Wabasha County; (131)

in a cut on the Chicago, Milwaukee and St. Paul Railway, 4 miles (6.4 km.) southeast of Lake City, Wabasha County
(339f) near Minneiska (Miniska), on Mississippi River near the line between Wabasha and Winona counties; (339h
[Hall, 1863, p. 135]) near the mouth of Minneiska (Miniska) River, near the line between Wabasha and Winona
counties; (98a) at Marine Mills, on St. Croix River, Washington County; and (339g) just below the Dicellocephalus

minnesotensis beds, near Winona, Winona County; all in Jlinnesota.

Upper? Cambrian: (306) Sandy limestone on Gravel River, on the eastern slope of the Rocky Mountains, in the
Mackenzie Basin, British Columbia.

Middle Cambrian: (Sk) Limestone in Meagher County on the road to Wolsey, about 1 mile (1.6 km.) south of the

divide at the head of Sawmill Creek, and 8 miles (12.8 km.) south of Neihart, Little Belt Mountains quadranole

(U. S. Geol. Survey)^ Cascade County; (302w) limestone at Madison Mountain; and (159) limestones north of West
Gallatin (Gallatin) River, Gallatin County; all in Montana.

(4e) Limestones about 950 feet (289.6 m.) above the unconformable base of the Cambrian in the divide at the
head of Jackson Creek (locally known as Sheep Creek), a creek flowing into Jackson Lake about 0.5 mile (0.8 km.)
south of its northwestern corner, Teton Mountains, Grand Teton quadrangle (U. S. Geol. Survey), Uinta County,
Wyoming.

(5b and 54s) Dark blue-gray Langston limestone [Walcott, 1908f, p. 198], just above the Cambrian quartzitic

sandstones, north side of Twomile Canyon, near its mouth, 2 miles (3.2 km.) southeast of Malade, Oneida County,
Idaho.

(54o) About 900 feet (274.3 m.) above the Brigham quartzite and 3,300 feet (1,005.8 m.) below the Upper Cam-
brian, in the limestone forming lb of the Ute limestone [Walcott, 1908f, p. 196], in Blacksmith Fork Canyon, about
10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

(lie) Thin-bedded limestones south-southwest of Potosi, Washington County, Missouri.

(2s) Limestone in upper part of Paradoxides zone, Hastings Cove [Matthew, 1898b, p. 38], on Kennebecasis Bay,
0.5 mile (0.8 km.) northeast of Torryburn on the Intercolonial Railway northeast of St. John, St. John County, New
Brunswick.
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BiLLINGSELLA DICE Walcott.

Plate CI, figures 8, 8a-d.

BilUngsella dice Walcott, 1905, Proc. U. S. iSfat. Mus., vol. 28, p. 234. (Characterized essentially as below as a new
species.)

In general form and surface this shell is related to B. romingeri (Barrande). It differs

from the latter in its strong dental plates, which form a rudimentary spondylium. All the

characters known are illustrated.

Formation and locality.—Lower Ordovician? : (319f) Drift bowlder of sandstone found near St. Albans, Franklin

County, Vermont. The lithologic character of the matrix in which this species was found points to the arenaceous

limestones of the Phillipsburg formation just north of the boundary between the United States and Canada as the

source of the bowlder'.

BiLLINGSELLA EXPORRECTA (Linnarsson)

.

Plate LXXXVIII, figures 1, la-1.

Orthis exporrecta Linnarsson, 1876, Bihang till K. svensk. Vet.-Akad. Handl., Bd. 3, No. 12, pp. 12-13, PL II, figs.

13-19; PI. Ill, figs. 20 and 21. (Described and discussed in English as a new species.)

Orthis expoirecta Linnarsson, Kayser, 1883, China, by Richthofen, vol. 4, p. 35. (Discussed in German in the descrip-

tion of "0. linnarssoni.")

Orthis exporrecta Linnarsson, Wallerixts, 1895, LTndersokningar ofver Zonen med Agnostus hvigatus i ^'esterg6tland,

p. 66. (Localities mentioned in Swedish.)

BilUngsella exporrecta (Linnarsson), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 234-236. (Described and

discussed- essentially as below.)

Shell transversely subsemicircular, with the liinge line usually shorter than the greatest

width. In a few examples it is a trifle longer; the cardinal angles are obtusely angular (PI.

LXXXVIII, fig. le). The proportions between the length and breadth vary, as shown by

the figures. The ventral valve is considerably more convex than the dorsal: The ventral

valve is evenly rounded, while the dorsal usually has a flattening of the median area and some-

times a slight, broad sinus. The surface is marked by numerous radiating costse and very

fine concentric striae between the costse, and a few visible lines of growth. The costse are

rounded, usually, but not always, broader than the interspaces, and continuous from the

umbo to the front and lateral margins; they appear to be quite regular, although varying

much in size, and increasing somewhat irregularly by interpolation of new costse. This usually

occurs near the umbo, but may occur near the middle of the valve. The largest ventral valve

in the collection has a length of 9 mm. and a breadth of 11 mm. Dorsal valve: Length, 7 mm.;
breadth, 10 mm.

Cardinal area of ventral valve high and overhanging the posterior margin. Delthyrium

large and triangular in outline; deltidium short, concave, imperforate, and marked bj"- fine,

transverse striae of growth. Cardinal area of dorsal valve short and inclined slightly forward;

it is divided midway by a broad delthyrium, which is divided b}^ a strong cardinal process.

In the interior of the ventral valve strong main vascular sinuses extend well forward

toward the front margin. The cast of the umbonal cavity opposite the delthyrium shows

a tripartite division, the center of which is the area of the path of advance of the diductor

muscle impressions, and those on each side appear to be the posterior portion of the main

vascular sinuses. The anteri&r edge of the cavity is marked by a sharp, elevated, forward-

arcliing ridge that extends to the teeth on either side; the dental plates appear to have

extended to the bottom of the valve and to have bounded the sides of the triangular umbonal
cavity opposite the delthyrium.

The interiore of the dorsal valve are beautifully preserved. The cardinal process, crura,

crural plates, area, anterior and posterior adductor muscle scars, and vascular sinuses are

very distinct; the dental sockets are shallow, but clearly shown. The great variation in the

size, form, and position of the adductor scars is well illustrated by the figures. In figure If

there appear to be two lateral supporting septa to the thickening before the crural plates that
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bound the spaces occupied by the point of attachment of the diductor muscles. Linnarsson

describes [1876, p. 12] the cardinal process as triangular. I find it both straight (fig. If),

subtriangular (fig. li), and triangular (figs. Ig and Ih). A short median septum is seen in

some shells (fig. Ig), but usually the strong, shghtly rounded, flattened median ridge does

not carry it.

Ohservations.—This is one of the most variable species of the genus, both in external,

and, as far as known, internal characters. It is very abundant, but interiors of the ventral

valve are rarely met with in good condition.

The extremely short, imperforate deltidium of the ventral valve indicates that the pedicle

opening had been closed by shell growth, and that this species was nearing the Eoorthis rem-

nicha stage of development. It appears to be an intermediate form between BUlingseUa and
Eoorthis. The concave deltidium is niucli like that of ConcMdium nysius Hall and Wliitfield

[Hall and Clarke, 1894, PI. LXIV, fig. 7]. It is about one-fifth the length of the delthyrium.

Linnarsson [1876, p. 12] compares "Orthis exporr'ecta" with "OrtMs Mclcsi," wlrich appeared

to be most nearly related, pointing out that it differed in having fewer and coarser ribs, less

pointed beak, and lower area. The "Orthis hicksi" variety is now placed as a variety of

BiUingseUa exporrecta.

Formation and locality.—Upper? Cambrian: (310h) Shale collected somewhere (probably Fogelsang) in the

old province of Skane, Sweden,

Middle Cambrian: Limestones of the Paradoxides forchhammeri zone at the following localities: (320m) " at

Kinnekulle, northeast of Lidkoping, Province of Skaraborg; (320n) at Lovened, Djupadal, 19 miles (30.6 hm.)
south-southeast of Skara, Province of Skaraborg; (320y)a at Gudhem, 12.5 miles (20.1 km.) south-southeast of Skara,

Province of Skaraborg; (320p)a at Sodra Mockleby, southern part of Oeland Island; (320z)o several places in

Nerike; (330g) at Borgholm, Oeland Island; (321q) at Munkesten, north of Hunneberg; and (321r) at Hunneberg,
western boundary of the Province of Skaraborg; all in Sweden.

(320 1)« Drift blocks supposed to have come from the Paradoxides cdandicus zone [Linnarsson, 1876, p. 6], at

Lillviken, near Oestersund, Province of Jemtland; (321p [Wallerius, 1895, p. 67]) in strata with Agnostus Isevigatus

at Carlfors, near the north end of Mount Billingen, Province of Wermland; (SlOz) at Brantevik, on the shore a little

south of Simrishamn, Province of Christianstad
;
(320b) limestones forming 2d of th.e Paradoxides 7,oaQ,\h.e Agnostus

tew'sraiits horizon, at Gudhem, 12.5 miles (20.1 km.) south-southeast of Skara, Province of Skaraborg; and (310b) dark-

brown limestone at Borgholm, Oeland Island; all in Sweden.

BiLLINGSELLA EXPORRECTA RUGOSICOSTATA Walcott.

Plate LXXXVIll, figures 2, 2a-c.

Orthis hicksi Linnarsson [not Salter MS., Davidson], 1876, Bihang till K. svensk. Vet. -Acad. Handl., Bd, 3, No.

12, pp. 13-14, PL III, figs. 22 and 23. (Described and discussed in English.)

BiUingseUa exporrecta rugosicostata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 236. (Discussed as below as a
new variety.)

Linnarsson [1876, p. 13] recognized that this shell was not the same as his "OrtMs exporrecta"

and placed it provisionallj^ under Orthis hicksi, callmg attention to the fact that it was nearly

related to 0. exporrecta. With a fine series of specimens for comparison, I place the shell as a

variety of B. exporrecta. It is characterized by its strong, irregular costse. Linnarsson [1876,

p. 14] gives as the most important differences: "Ventral valve less convex; cast of diductor

muscle scars less distinct; dorsal valve more convex and muscle scars more strongly marked;
radiating ribs in the casts fewer, stronger, and more angular." AU of the differences exist'

when we compare the extreme forms, but with a good series of specimens most of them pass

gradually into forms that are typical of B. exporrecta.

Formation and locality.—Middle Cambrian : Limestones of the Paradoxidesforchhammeri zone at the following

localities [Linnarsson, 1876, p. 14]: (320m) At Kinnekulle, northeast of Lidkoping, Province of Skaraborg; (320n) at

Lovened, Djupadal, 19 miles (30.6 km.) south-southeast of Skara, Province of Skaraborg; and (330p) at Sodra Mock-
leby, southern part of Oeland Island; all in Sweden.

(320b) Limestone forming 2d of the Paradoxides zone, the Agnostus Isevigatus horizon, at Gudhem, 12.5 miles (20.1 km.)

south-southeast of Skara, Province of Skaraborg, Sweden.

a Linnarsson, 1876, p. 13.
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BiLLiNGSELLA HiCKsi (Salter MS.) (Davidson).

Plate XCVII, figures 7, 7a-b.

Orthis hichsii (Salter MS.) Davidson, 1868, Geol. Mag., vol. 5, p. 314, PL XVI, figs. 17-19. (Described as a new species;

see below for copy.)

Orthis hichsii Davidson, 1869, British Fossil Brachiopoda, vol. 3, pt. 7, No. 3, p. 230, PI. XXXIII, figs. 13-16. (De-

scribed. Figs. 13a and 14a are copied from Davidson, 1868, PI. XVI, figs. 17a and 18a. Fig. 16a is an enlarged

drawing of the specimen figured by Davidson, 1868, PL XVI, fig. 19. Figs. 14a, 13a, and 16a are copied in this

monograph, PL XCVII, figs. 7, 7a-b, respectively.)

Orthis hicksi Davidson, Kaysbe, 1883, China, by Richthofen, vol. 4, p. 35. (Discussed in German in the description

of "0. linnarssoni."

Billingsella hicksi (Davidson), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 237. (Original description, Davidson,

1868, p. 314, copied as below.)

The original description by Davidson follows:

Shell small, transversely oval; hinge line shorter than the greatest breadth of the shell; cardinal angles rounded.

Dorsal valve semicircular, moderately convex, slightly longitudinally depressed along the middle. Ventral valve

convex, deeper than the opposite one. Area triangular, moderately wide; surface of valves ornamented by about

ten principal narrow, radiating ribs, with wide interspaces between each pair, in the middle of which is situated a

shorter rib. .

Length about 4, width 5, lines.

This shell is most nearly related to B. exporrecta. It differs in its more rounded form, fewer

radiating ribs, and muscle area of ventral valve.

The specific name was given in honor of Henr}^ Hicks.

Formation and locality."—Middle Cambrian : Sandstones in the middle portion of the Menevian at the following

localities [Davidson, 1869, p. 230]: (318d) at Porth-y-rhaw; (,318h) at St. Davids; and (318p) at Ninewells; all near

St. Davids, South Wales.

BiLLiNGSELLA HIGHLANDENSIS (Walcott)

.

U
Plate LXXXVII, figures 4, 4a-c.

Orthis? highlandensis\NA-LCOTT, 1886, Bull. U. S. Geol. Survey No. 30, pp. 119-120, PL VIII, figs. 3, 3a-b. (Described

and discussed as a new species. The specimens represented by figs. 3, 3a-b are redrawn in this monograph,

PL LXXXVII, figs. 4c, 4b, and 4, respectively.)

Orthis? highlandensis AValcott, 1891, Tenth Ann. Kept. U. S. Geol. Survey, p. 612, PL LXXII, figs. 5, 5a-b. (Men-

tioned. The figures are copied from those in the preceding reference.)

Billingsella highlandensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 237-238. (Described and discussed

essentially as below.)

Shell transversely oval or subrotund. Front broadly rounded and nearly straight in the

dorsal valve. On the ventral valve the cardinal line slopes toward the beak at an angle of

about 20'^, while in the dorsal valve it is less than 10°. The greatest width is about the middle

of the shell. The ventral valve is moderately convex, being most elevated toward the beak,

which is slightly arched over to the cardinal margin.

A dorsal valve associated in the same hand specimen of limestone is more convex than the

ventral valve. The cardinal line is shorter than the greatest width of the shell. The median

fold is but slightly raised above the general surface, although the front margin has a low, broad

arch for the reception of the fold of the ventral valve.

A slight flattening in the central portion of the ventral valve in some specimens forms a

low, broad mesial sinus toward the front margin.

The surface is marked by concentric lines of growth and fine radiating ribs; on some

specimens stronger ribs occur very much as on Billingsella coloradoensis (PI. LXXXV, figs,

la-i). Interior casts of the valves show fine, radiating stria; toward the front. In a number
of partly exfoliated shells, the shell is shown to be thick and apparently solid, having been

replaced by calcite.

The average-sized ventral valve has a length of 13 mm., with a width of 16 mm. One
dorsal valve is 17 mm. in width.

o Specimens from localities 318h and 318p are included in the collections of the United States National Museum. The type locality is either

318d or 318p, Davidson does not indicate which.
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Cardinal area of the ventral valve unlaiown except that its plane extends backward at an
angle of about 10° or 15° to the plane of the margin of the shell.

Casts of the interior of the ventral valve show that the dental plates extend down to the

bottom of the valve, supporting distinctly defined hinge teeth. The traces of a vascular system
are limited to the main vascular trunks, which extend forward well toward the front margin,

very much as in B. coloradoensis . In one cast (PI. LXXXVII, fig. 4b) there is a strong furrow
extending from a median furrow obliquely outward to each main vascular sinus. The median
furrow extends backward to the apex of the cast that filled the space beneath th« umbo and the

deltidium. This portion of the cast is also marked by fine vertical venation. In another cast

there is a very narrow median furrow. These median furrows probably indicate the beginning

of a septum that in later forms connected the deltidium with the shell. Nothing is kno\yn of
• the interior of the dorsal valve.

Observations.—Billingsella MgMandensis is strongly characterized by its nearly smooth sur-

face, in having the dorsal valve more convex than the ventral, and in the presence in the ventral

valve of a sharp ridge beneath the umbo, indicating the beginning of the growth of a median
septum.

The specific name is derived from the Highland Range, Nevada.

Formation and locality.—Lower Cambrian: (30) Limestone 8 miles (12.8 km.) north of Bennetts Spring, on
thewest slope of the Highland Range; and (31a) liviestones and interbedded siliceous shales in the PiocheJormation [Wal-

eott, 190Sa, p. 11], just above the quartzite on the east side of the anticline, near Pioche; both in Lincoln County, Nevada.

This species is somewhat doubtfully identified from the following locality:

Lower Cambrian : (178a) Sandstone at the south end of Deep Spring Valley, Inyo County, California.

Billingsella lindsteomi (Linnarsson)

.

Plate LXXXVII, figures 6, 6a~f.

Orthis lindstromi Linnarsson, 187C, Biliang till K. svensk. Vet.-Akad. Handl., Bd. 3,' No. 12, pp. 10-12, PI. I, figs.

1-8; Fl. 11, figs. 9-12. (Described and discussed in English as a new species.)

Billingsella lindstromi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 238-239. (Characterized and discussed

as below.)

The general description of Billingsella coloradoensis applies to this species. The casts of

the interior have the same general flatness of appearance, and the exterior surfaces are not

unlike. In details, the two differ materially. The radiating costse of B. lindstromi are usually

stronger; the umbo of the ventral valve is more prominent and the beak more incurved. The
interior of the ventral valve shows shorter main vascular sinuses and more limited ovarian areas.

Linnarsson [1876, PI. I] gives a fine series of illustrations of the interior of the ventral valve,

which show that there is considerable variation in the position of the vascular markings. He
states that the small cardinal process appears to be bifid. I find it single in a natural cast in the

limestone from Alunbruk. There is also a narrow median septum, as in the dorsal valve of

B. coloradoensis.

Linnarsson [1876, p. 11] writes:

I do not know any species witli which this can be -confounded. At least, the adult specimens are always easily

recognized. In the young ones the characters are less marked, especially in the dorsal valves. The interior and
the internal cast of the A^entral valve is in all stages of growth easily recognized.

The specific name was given in honor of Dr. G. Lindstrom.

Formation and locality.—Middle Cambrian: Limestones of the Paradoxidesforchhammeri zone at the following

localities: (320m)'' At Kinnehulle, northeast of Lidkoping, Province of Sharaborg; (320n) » at Lovened, Djupadal, 19

miles (30.6 km.) south-southeast of Skara, Province of Skaraborg; (320y)'' at Gudhem, 12.5 miles (20.1 km.) south-

southeast of Skara, Province of Skaraborg; and (320p) at Sodra Mockleby, southern part of Oeland Island; all [Lin-

narsson, 1876, p. 12] in Sweden.

(3201) [Linnarsson, 1876, p. 12]) Drift blocks supposed to have come from the Paradoxides celandicus zone, at Lill-

viken, near Oestersund, Province of Jemtland; (320(i)« limestone at Alunbruk (alum works), southern part of Oeland

Island; (321t) sandstone at Sularp, near Lund, Province of Malmohus; and (321u) at Bjorkelunda, south of Simri-

shamn, Province of Christianstad ; all in Sweden.

a These localities are represented in ttie collections of the United States National Museiira.
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BiLLINGSELLA MAJOR Walcott.

Plate LXXXVI, figures 1, la.

Billingsella major Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 239. (Characterized as below as a new species.)

BiUmgsella major WAhCOTT, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 101, PI. X, figs. 1 and la. (Characterized

as in the preceding and as below' as a new species. Figs. 1 and la are copied in this monograph, PI. LXXXVI,

figs. 1 and la, respectively.)

In general form and convexity this shell is related to Billingsella coloradoensis. It differs

from it in being larger and in having coarser radiating ribs. It is the Upper Cambrian repre-

sentative of the latter species.

Formation and locality.—^Tipper Cambrian: (116) "St. Croix sandstone" in excavation on Well's farm, 2 miles

(3.2 km.) west of Baraboo, Baraboo quadrangle (U. S. Geol. Survey), Sauk County, Wisconsin.

Specimens that are somewhat doubtfull}- referred to this species occiir at the following

locality

:

Upper Cambrian: (369o) Dolomite above the "Edgewise beds," in a railroad cut, 0.5 mile (0.8 km.) southwest of

Elvins, 6 miles (9.G km.) south of Bonneterre, St. Francois County, Missouri.

(

Billingsella marion Walcott.

Text figures 67A-B.

Billingsella marion Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 102, PL X, fig. 5. (Described and dis-

cussed as below as a new species. Fig. 5 is copied in this monograph as fig. 67A.)

Dorsal valve transverse; beak small, marginal; sides broadly rounded and merging into

the broadly round, almost transverse frontal margin; cardinal line a little shorter than the

greatest width of the valve and sloping very slightly
^^'^'^ ^'s^"^-^.^

^.^_^_^_,,,_.^j^^ from the beak to outer extremities; on one speci-

/ \ / ,^ l^M. y^'^'CL the cardinal angle is extended slightly
;
greatest

( 'tfvJil T ( jhHimSBt width about midway of the length; mesial furrow

-i^Sr \k^a^^K^^ narrow at the beak and gradually widening to a
~"^——-=-"aw'S^—

-
^"t^j^^^^^^—l broad, deep furrow, which divides the valve into

" two lobes.
Figure 67.-iSiWmssrfZa marion Walcott. A, Dorsal valve, the

«,irf<ife <?month with the excention of a few
type specimen, showing extension of the cardinal angle and bUrtaCB smOOtn, Wim UlC CXCCpUOn 01 a leW

a very broad mesial furrow' B, Dorsal valve with obscure (six Or SCVCn) obsCUrC radiating I'ibs Oil each lobe.
radiating ribs.

,,,„„.,„ A specimen 10 mm. in width has a length of 6 mm.
The specimens represented are from Locality 581, Middle r

_ _ _
<=

Cambrian on Moimt Stephen, British Columbia (U. S. Nat. OoservattOnS. TlllS spCCICS IS represented by
Mus. Cat. Nos. 53676a and 53676b, respectively). Figure 67A is

^liree Specimens of the clorsal valvC. They all in-
copied from walcott [190Sd, PI. X, fig. 5].

n . , 1 „ ^ ,1 TT7T 77 7
dicate a thick shell of the BiUingsetla salemens^s

(Walcott) type (PL LXXXVII, figs. 3 and 3a).

The specific name was given for Mrs. L. D. Burhng, who collected the type specimen.

Formation and locality.—Middle Cambrian: (581) About 1,830 feet (557.8 m.) above the Lower Cambrian in

limestones forming 3b of the Stephen formation [Walcott, 1908c, p. 238 (7)], on the east side of Mount Stephen, about

3,000 feet (914.4 m.) above the Canadian Pacific Railway track, 3.5 miles (5.6 km.) east of Field, British Columbia,

Canada.

Billingsella obscura Walcott.

Plate LXXXVI, figure 6.

Billingsella obscura Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 239. (Characterized as below as a new species.)

This species is founded on a single dorsal valve that occurs in the form of a cast in sand-

stone. It is transverse, width 18 mm., length 13 mm.; moderately convex, with a slightly

defined mesial flattening that broadens out nearly to three-fiftlis the width of the shell at the

front margin. The surface of the cast is marked by a few faintly defined, rather broad costae.

The shell is much like the large dorsal valves of Billingsella coloradoensis . It differs in its

broader frontal margin and median flattening.

Formation and locality.—Middle Cambrian: (74) Sandstone about 300 feet (91.4 m.) above the base of the

Tonto group at the head of Nunkoweap Valley, Grand Canyon of the Colorado, Arizona.
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BiLLINGSELLA ORIENTALIS (Whitfield).

Plate LXXXVI, figures 2, 2a-b.

Orthisina orientalis Whitfield, 1884, Bull. Am. Mus. Nat. Hist., vol. 1, p. 144, PI. XIV, fig. 6. (Described and
discussed as a new species. Fig. 6 is copied in this monograph, PL LXXXVI, fig. 2.)

Orthisina orientalis Whitfield, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, p. 120, PI. VII, fig. 6. (Original

description, Whitfield, 1884, p. 144, copied and species discussed. Fig. 6 is copied from fig. 6 of the preceding

reference.)

Orthisina orientalis Whitfield, Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 613, PI. LXXII, fig. 8. (Men-

tioned. Fig. 8 is copied from Whitfield, 1884, PL XIV, fig. 6.)

Billingsella orientalis (Whitfield), Hall and Clakke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 230.

(Merely changes generic reference.)

Billingsella orientalis (Whitfield), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 239-240. (Described and dis-

cussed as below.)

The original description by Whitfield follows

:

Shell quadrangular in outline, somewhat higher than wide, with vertical and subparallel lateral margins, and
broadly rounded base. Cardinal line rapidly sloping from the apex to the extremities, which are slightly rounded.

Hinge line straight, as long as the greatest width of the shell. Cardinal area broad and high, divided in the middle
by a triangular foramen, which is about as high as wide. Surface of the ventral valve moderately convex, marked
by very fine radiating striae and also by several concentric lines of growth. Filling of the rostral cavity and foramen
large and prominent. Specimen, a cast in shale, of the ventral valve only.

Observations.—The type specimen as described above is flattened in the shale, and also

appears to be compressed laterally. Uncompressed specunens referred to this species, from
the siliceous limestones east of Swanton show the ventral valve to have been rather strongly

convex, and the dorsal valve moderately so. The outer surface as shown in the cast indicates

that it was somewhat like that of Billingsella coloradoensis, but that it differs in having finer

and more numerous threadlike costsB. A few traces of concentric strise and lines of growth
are preserved. The material is very unsatisfactory, but it is sufficient to indicate that the

genus occurs in association with Olenellus thompsoni in the upper beds of the Lower Cam-brian

section.

FoKMATioN AND LOCALITY.

—

Lowcr Cambrian: (25a) Limest.one on the Hall (Donaldson's) farm, 2 miles (3.2 km.)

east of Swanton; (26) sandstone northeast of the Gorman farm buildings, east of Highgate Springs; (319m) shales of

No. 6 of the section at Parker's quan-y [Walcott, 1891b, p. 278], near Georgia; and (319g [Whitfield, J8S4, p- 144]) shales

at Parker's quarry, near Georgia; all in Franklin County, Vermont.

Billingsella plicatella Walcott.

Text figure 1, page 299; Plate LXXXVI, figures 3, 3a-n.

Billingsella plicatella Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 240-241. (Described and discussed as below

as a new species.)

Shell irregularly subquadrate in outline. In the ventral valve the cardinal line slopes

toward the beak at an angle of from 5° to 10°, whereas in the dorsal valve it is usually about
1° to 3°. The greatest width of the shell is about the middle. There is some variation in

the relative proportions of length and breadth. Usualty, however, the ventral valve is fully

as long as wide, while in the dorsal valve it is slightly transverse. The ventral valve is rather

strongly convex, the dorsal valve being less so. A low, broad mesial sinus occurs on nearly

all specimens of the dorsal valve, and sometimes a distinct sinus on the ventral valve.

The surface is marked by costae that give it a plicated appearance in many specimens;

also, concentric lines of growth and very fine, slightly undulating strise. On some shells the

costse and surface markings have been almost entirely removed by abrasion while in others

they are clear and distinct. There is a considerable range of variation in the strength and form

of the surface markings. These are illustrated by the figures on Plate LXXXVI.
When the shell is exfoliated, fine radiating lines occur toward the front margins. The

average size of the shell gives a width of about 8 mm., and in the ventral valve a nearly equal

length. One specimen has a width of 11 mm.
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Cardinal area well defined. It is marked by transverse striae of growth parallel to the

base. The plane of the area extends backward over the cardinal line at an angle of 10° to the

plane of the margin of the shell. The delthyrium is well defined and covered by a convex

deltidium, the extent of which, however, is tmknown. The cardinal area of the dorsal valve

is short. No details of the structure have been observed.

The cast of the interior of the ventral valve indicates short hinge teeth supported by, dental

plates. The markings left on the shell by the vascular system, as shown in casts, are two

maia vascular trunks wliich extend nearly in a straight line from the side of the cast of the

deltidial cavity obhquely outward to the anterior fourth of the valve, where they bifurcate.

The inner branch extends in toward the median line, while the lateral branches extend out-

ward, appearing to unite with the peripheral canal. The latter arches about the space that

was probably occupied by the ovarian areas, between itself and the main vascular trunks.

The spaces for the attachment of the muscles between the main vascular trunks appear to

have been large. No subdivision indicating the points of attachment of the different muscles

has been detected. At the posterior portion of the central area there was a narrow, elevated

space that posteriorly passes into the deltidial cavity. The pedicle muscles were probably

attached to the front part of this elevated space. Short, radiating striss near the margin

indicate the presence of minute vascular canals.

In the interior of the dorsal valve the interior of the deltidial cavity supports a smaU,

well -developed cardinal process or callosity. The crura are short and small, with rounded

dental sockets beside them. Nothing is definitely shown of the vascular trunks or mesial

impressions in the dorsal valve.

Ohservations.—In form this species is not unlike the convex forms that have been referred

to Billingsella coloradoensis (Shumard) from Trempealeau, Wisconsin. It differs from the

latter in having strongly marked surface plications and a narrower deltidium. From B. striata

it differs in surface characters ; also in having a more convex dorsal valve.

Formation and locality.—Tipper Cambrian: (150a, 153, and 154) Limestones on Dry Creek, just above the

mouth of Pass Creek, about 5 miles (8 km.) north of Hillsdale; (151a) limestone in point overlooking Chum Canyon

on the west side of the Bridger Range
;
(157 and 158)

«

limestone north of East Gallatin River, near Hillsdale; and (156b)

limestone north of East Gallatin River, at the north end of the Gallatin Valley; all in the Threeforks quadrangle (U. S.

Geol. Survey), Gallatin County, Montana.

(152) Limestone on ridge between Chum and Cottonwood canyons; and (151) limestone in point overlooking

Chum Canyon; both on the west side of the Bridger Range, Gallatin County, Montana.

Middle Cambrian: (91x) Limestone on Beaver Creek, 5 miles (8 km.) north of York, about 8 miles (12.8 km.)

north of Canon Ferry, Big Belt Mountains, Fort Logan quadrangle (U. S. Geol. Survey), Meagher County, Montana.

(4j) Limestone at the head of Deep Creek, Canyon quadrangle (U. S. Geol. Survey), Yellowstone National Park,

Wyoming.
Billingsella pumpellti Walcott.

Plate XCVII, figures 8, 8a-c.

Billingsella purr>.pellyi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 242. (Described and discussed as below

as a new species.)

General outUne subsemicircular, greatest width at the lunge hne or a little in advance

of it; considerable variation exists in the relative proportions of length and width; a ventral

valve 8 mm. long has a width of 9 mm.; the dorsal valve is more transverse, length 5.5 mm.,

width 8 mm. The ventral valve is strongly convex, with the umbo arching over to the apex,

which is a little above the plane of the margins of the valve ; a very shght median fold occurs

near the front margin; dorsal valve shghtly convex and with a shallow median sinus.

The surface is marked by low, sharp ribs with wide interspaces on which fine radiating

striae occur. Concentric lines and striae of growth cross the radiating striae and ribs.

The characters of the cardinal areas of the valves are almost unknown; that of the ventral

valve appears to have been of moderate height and inclined but a little from the plane of the

valve; one interior of the dorsal valve shows a low cardinal process. The cast of the interior

a 168 is the type locality.
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of the ventral valve shows the presence of a tripartite, elevated umbonal space into which

the strong main vascular sinuses extend, as in BillingseUa coloradoensis (Shumard); the

sinuses extend forward nearly to the front margin of the valve. Of the interior of the dorsal

valve only the presence of a strong median ridge is known.

Ohservations.—This species is one of the costate species of the type of Billingsella colorado-

ensis (Shumard) and B. romingeri (Barrande). It differs from them in surface characters.

It may be considered the trans-Pacific representative of B. coloradoensis.

The specific name was given in honor of Raphael Pumpelly.

Formation and locality.—Upper Cambrian: (C36) Upper part of the Chaumitien limestone [Blackwelder,

1907a, p. 36 (part of 3d. list of fossils), and fig. 9 (bed 2), p. 35], at Chaumitien, Changhia district; and (C61) a dense

Hack limestone in the uppermost limestone member of the Kiulung group {Blackwelder, 1907a, pp. 37 and 41 {3d list of
fossils)and fig . 10 {bed 13), p. 5S], 3 miles {4.8 km.) southwest of Yenchuang; both in Shantung, China.

^ Billingsella eetroflexa (Matthew).

Plate XC, figm'es 1, la-h.

Not Gonambonites plana retroflexa db Verneuil [Pander, 1830, Beitrage zur Geognosie des russischen Reiches, p. 77,

PI. XXV, figs. 1 and 2].

Clitambonites {Gonambonites) plana retroflexa Matthew, 1895, Trans. Roy. Soc. Canada for 1895, 2d ser., vol. 1, sec. 4,

No. 13, p. 267, PI. II, figs. la-c. (Original description of Gotmmbonites plana retroflexa by de Verneuil [Pander,

1830, p. 77] copied and variety from Cape Breton described and discussed. The specimens represented by
flgiues la and lb are redrawn in this monograph, PI. XC, figs. Ig and If, respectively.)

Clitambonites planus retroflexus (Matthew), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 184. (Merely changes

generic reference.)

Billingsella retroflexa Matthew, 1903, Geol.-Survey Canada, Rept. Cambrian Rocks Cape Breton, pp. 148-151, PI.

X, figs. 2a-e. (Described and discussed. Figs. 2a, 2c, and 2e are copied fi-om Matthew, 1895b, PL II, figs.

la-c, respectively. The specimens represented by figs. 2a, 2c, and 2d are redrawn in this monograph, PI. LX,
figs. Ig, If, and Ic, respectively.)

Orthis (PlectortMs) retroflexa (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 270-271. (Characterized

and discussed essentially as below.)

This species is distinguished by the fine radiating costse on the ventral valve (PL XC,
figs. 1, la-c) and coarser costee on the dorsal (fig. If). The fine longitudinal strige on the

costse are sho\vn by figure le. The latter are similar to those of Eoorthis remnicha (PI. XCII
fig. 2c). All that could be definitely determined of the interior of the valves in the type

material sent me by Matthew is shown by figures If, Ig, and Ih. In figure Ig of the ventral

valve the casts of the pseudospondyHum, area, and base of the main vascular sinuses are

shown. In figure If of the dorsal valve the casts of the strong cardinal process, dental sockets,

and crura are shown, and in figure Ih the ovarian areas and the visceral area between them.

Matthew [1903, p. 148] describes other features of the interior of the valves.

The character of the costse and general features of this shell, as far as known, appear to

class it with Billingsella romingeri (Barrande) (PI. XC) and B. coloradoensis (Shumard) (PI.

LXXXV).
Matthew's very full description [Matthew, 1903, pp. 148-151] should be read by the

student of this species. By inadvertence [Walcott, 1905a, p. 270] I referred it to OrtJiis (Plec-

tortMs), a name wliich I was then using to include those forms which are now placed under
Eoorthis.

Formation and locality.—Uiddle Cambrian: (307d [Matthew, 1903, p. 149]) Sandy limestone of Matthew's

[1903, p. 19] Etcheminian, on Young (McFees) Point, near George River, Cape Breton, Nova Scotia.

Billingsella richthofeni Walcott.

Plate LXXXIX, figure 1.

Billingsella richthofeni Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 242-243. (Characterized and discussed as

below as a ne-w species.

)

This species is represented by two specimens of the exterior of the ventral valve measuring
4 and 5 mm., respectively, in length and width, these being about the same. The outer sur-

face is marked by fine, obscure, radiating ribs and very fine concentric strise. The general
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form is much like that of the ventral Talve of Billingsella pumpellyi. It differs from the

latter in having, a shorter hinge line in proportion to the width, in the more uniform and

stronger convexity of the surface, and in the more elevated apex.

The species is named after Dr. Ferdinand von Richthofen.

Formation anb locality.—Lower Cambrian: (C3) Lower part of the Manto shale [Blackwelder, 1907a, p. 28

(list of fossils at bottom of page), and fig. 8a (bed 20), p. 28] 2.5 miles (4 km.) southwest of Yenchuang, Sintai district.

Shantung, China.

A single specimen of a fragmentary ventral valve that may belong to this species occurs

in the following locality

:

Lower Cambrian: (C20) Central part of the Manto shale [Blackwelder, 1907a, p. 26 (last list of fossils), and

fig. 6 (bed 14), p. 25] on the west side of an isolated butte 1 mile (1.6 km.) south of Changhia, Shantung, China.

Billingsella romingeri (Barrande).

Plate XC, figures 2, 2a-n.

Orthis romingeri Barrande, 1848, Naturw. Abhandl., von Haidinger, Bd. 2, Abth. 1, No. 5, p. 203, PI. XVIII, figs.

5a-d. (Described and discussed in German as a new species.)

Orthis romingeri Barrande, 1879, Syst^me silurien du centre de la Bohgme, vol. 5, pt. 1, PL LXII, figs, ii: 1-4.

(Figs. 3a, 3c, 3b, 3d, and 3e are copied in this monograph, PL XC, figs. 2, 2a-d, respectively.)

Orthis romingeri Barrande, Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt, Bd. 45, Hft. 3, pp. 513-514, PL XV,

figs. l-5a. (Described and discussed in German.) ,

Billingsella romingeri (Barrande), Walcott, 1905, Proc. IT. S. Nat. Mus., vol. 28, pp. 243-244. (Described and dis-

cussed as below.)

Shell transverse, the general outline being irregularly subquadrate to subsemicircular. On
the ventral valve the cardinal line slopes toward the beak at a low angle, while in the dorsal

valve it is approximately straight. In some shells the greatest width is at the hinge line, wliile

in others it is about the middle of the valve. There is considerable variation in length and

breadth, as may be seen by comparing the figures illustrating this species.

The ventral valve is rather strongly convex and the dorsal valve moderately so. The

dorsal valve is slightly flattened from the umbo to the frontal margin, the flattening sometimes

taking the form of a shallow depression. A low, broad mesial sinus occurs on the dorsal valve

and is strongly marked in the young shells. The surface is marked by roimded, bifurcating,

radiating costse crossed by concentric lines of growth and undulating concentric strise. The

radiating costse varj^ in size and character in specimens from the same locality. In some

specimens they are very regular, while in others there will be wider interspaces or a variation

in the manner of interpolation. The ridges of growth also vary in strength and elevation in

dift'erent shells.

The largest shell in a considerable quantity of material has a length in the ventral valve of

13 mm. and in the dorsal valve of 10 mm., \vith a Av-idth of 15 mm. Cardinal area of ventral

valve rather high and slightly incmwed. It is marked by transverse strise of growth that cross it

parallel to its base; the plane of the area extends backward at an angle of about 10° to the plane

of the margin of the shell; the delthj^rium is rather large; a deltidium is indicated in some of

the casts, but none of the specimens show it clearly. The cardinal area of the dorsal valve is

about one-half the length of that of the ventral valve; it extends backward at an angle of more

than 45° to the plane of the margin of the valve and is divided midway by a strong delthyrium

which is covered, for a part of its distance at least, by a convex chilidium.

The traces of the vascular system in the ventral valves are seen in the main vascular trunks,

which extend well forward toward the front margin, where they appear to bifurcate, the inner

branch extending toward the median line and the lateral branches apparently connecting with

the peripheral canal that arches backward about the ovarian areas between it and the main

vascular trunks. No points of attachment of the various muscles in the ventral valve have

been observed. The area in which the diductor muscles are attached is well marked in Plate

XC, figures 2h and 2i, and the cardinal process of the dorsal valve in figures 2j and 2k. There
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are also in the dorsal valve the anterior adductor imi^ressions, as shown in figure 2k. In the

interior of the dorsal valve the deltidial cavity separates a small cardinal process or callosity,

which is straight (fig. 21) or subtriangular (fig. 2k). The crura are relativelj' long and very

prominent, with distinctlj^ defined dental sockets beside them.

Ohservations.—This species was well illustrated by Barrande [lS79a, PI. LXII, fig. ii], and
I have copied five of his figures of a specimen showing the two valves united. In the material

of the collections of the Museum of Comparative Zoology, Cambridge, Massachusetts, there is

a fine series, illustrating the interior of the ventral and dorsal valves, that, through the kindness

of Dr. Alexander Agassiz, I was enabled to study and illustrate.

The species in its external and internal shape varies so decidedly from all described forms

that it is not necessary to point out differences between them.

The specific name was given in honor of Dr. Carl Rominger.

Formation and locality.—Middle Cambrian: (345 [Pompeckj, 1896b, p. 509]) " Greenish shale in the Paradox-

ides zone, on the DlouhA Hora, above the brook of Sbirov, near Skrej
;
(345c) " in shales of Etage C at Mleschitz; (345f)

in Etage C [Barrande, 1819a, PI. LXII], near Skrej; (345g) in Etage C [Barrande, lS79a, PL LXII], at Praschno Augezd;
(3451)<J shales of Etage Cat Jinec; and (345h) in Etage C [Barrande, 1879a, PL LXII], at Slap; all in Bohemia, Austria-

Hungary.

BiLLINGSELLA SALEMENSIS (Walcott).

Plate LXXXVII, figures 3, 3a.

Orthis salemensis Walcott, 1887, Am. Jour. ScL, 3d ser., vol. 34, pp. 190-191, PL I, figs. 17 and 17a. (Described and
discussed as below as a new species. The specimens represented by figs. 17 and 17a are redrawn in this mono-
graph, PL LXXXVII, "figs. 3 and 3a, respectively.)

Orthis salemensis Walcott, Oehleet, 1889, Annuaire g^ologique universel for 1888, tome 5, 1889, p. 1139. (Described

in French.)

Orthis salemensis Walcott, 1891, Tenth Ann. Kept. U. o. Geol. Survey, pp. 612-613, PL LXXII, figs. 6 and 6a. (The
text and figures are copied from Walcott, 1887, pp. 190-191, PL I, figs. 17 and 17a, respectively.)

Billingsella salemensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 245. (Text copied from Walcott, 1887, pp.
190-191.)

Shell about the average size of the Cambrian species of the genus. Transversely subquad-
rilateral; front broadly rounded and slightly sinuate midway; hinge line as long as the greatest

width of the shell.

Ventral valve convex, most elevated about one-fourth the distance from the beak to the

anterior margin; beak small and incurved to the margin of the medium-sized area; the surface

of the area and the foramen have not been observed; mesial sinus broad and shallow, it is

marked by a low median rib and laterally by two costse on each side, a third appearing just

outside the sinus.

The dorsal valve, associated in the same hand specimen of limestone, is slightly more
convex; frontal margin with a rather deep sinuosity to receive the projection of the ventral

valve; median fold broad and but slightly elevated, marked by two or three low costse; the

beak appears in the broken specimen in the collection to be scarcely elevated above the surface

of the shell, and to terminate at the cardinal margin; area imknown.
The surface of both valves is marked by fine concentric lines of growth, and low, rounded

costse, varying in number from six or seven, as in the specimens figured, to twelve to fourteen

in other specimens.

In the broad costse and the general aspect of the shell this species is un_ike any known to

me from the Cambrian, mth the exception of Billingsella whitfieldi (Walcott), from which,

however, it differs in strength and character of costse and outline of valves.

The specific name is derived from Salem, New York.

Formation and locality.—Lower Cambrian: (319b) Conglomeratic limestones at St. Simon; and (319h) lime-

stone bowlders in conglomerate at Metis on the St. Lawrence below Quebec; both in the Province of Quebec, Canada.

a These localities arc represented in the collections of the United States National Museum.
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(2b) Limestone just north of Beman Park, in the northeastern part of the city of Troy; Troy quadrangle (U. S.

Geol. Survey), Rensselaer County; (22a) limestone in Penrhyn quarries, Middle Granville, Mettawee quadrangle

(U. S. Geol. Survey), "Washington County; and (367a) limestone about 0.33 mile (0.5 km.) south of John Hulett's

farmhouse, 3 miles (4.8 km.) west of South Granville and 4.5 miles (7.2 km.) southwest of Granville, Fort Ann quad-

rangle (U. S. Geol. Survey) ; all in New York.

(338d) Limestone 1 mile (1.6 km.) south of Shushan; (21 and 37) shales and limestone 1.5 miles (2.4 km.) south

of Salem; (36) limestone 1 mile (1.6 hm.) south of Shushan and 3.5 miles (5.6 hm.) north-northeast of Cambridge; and (33)

limestone on the roadside near Rock Hill schoolhouse, near North Greenwich, about 5 miles (8 km.) northwest of Green-

wich; all in the Cambridge quadrangle (U. S. Geol. Survey), Washington County, New York.

Specimens that are doubtfully referred to this species occur at the following locality,

the stratigraphic horizon of which is doubtful

:

Lower Cambrian: (367b) Sandstone at LansLngburg, north of Troy, Cohoes quadrangle (U. S. Geol. Survey),

Rensselaer County, New York.

BiLLINGSELLA STRIATA Walcott.

Plate LXXXVI, figures 4, 4a-c.

Billingsella stnata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 245. (Characterized as below as a new species.)

The form of the ventral valve of this species is much like that of Billingsella plicatella'.

It differs- in having a finely striated outer surface, and in the strong development of the main
vascular sinuses, and the broader deltidial cavity. The only two specimens of the dorsal

valve are nearly fiat.

Formation and locality.—Middle Cambrian: (149a) Limestone at the forks of Pole Creek, above Cherry Creek

basin, Threeforks quadrangle (U. S. Geol. Survey), Madison County, Montana.

Billingsella whitfieldi (Walcott).

Plate LXXXVI, figures 5, 5a.

Kutorgina whitfieldi Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 18-19, PL IX, figs. 4, 4ar-b. (Described

and discussed essentially as below as a new species. The specimens represented by figs. 4, 4a-b are redrawn
in this monograph, PL LXXXVI, figs. 5 and 5a, respectively.)

Billingsella whitfieldi (Walcott), Schuchert, 1897, Bull. U. S. Geol. Survey No. 87, p. 159. (Merely changes generic

reference.)

Billingsella whitfieldi Walcott, 1905, Proc. U. S. Nat Mus., vol. 28, p. 246. (Described and discussed as below, an
almost exact copy of the original description, Walcott 1884b, pp. 18-19.)

Shell convex, hinge line straight and a little less than the greatest width of the shell, sides

rounding regularly into the slightly convex frontal margin.

Ventral valve fairly convex, elevated along the center to form a flat depressed fold, and
sloping somewhat rapidly from this to the lateral and cardinal margins ; median elevation with

about five rather faintly defined, simple plications, that reach up to the higher portion of the

valve; beak small, a little depressed, and rising above the area; cardinal margins straight and
diverging from the beak at an obtuse angle; character of area unknown.

Dorsal valve depressed convex, with a rather wide, shallow median depression, and two
short plications on each side of it toward the front, which are obsolete in some of the specimens;

the area between the cardinal edges and the elevation of the sides of the mesial depression is

depressed and corresponds to the flattened lateral slope of the ventral valve.

Surface marked by fine, very clearly defined concentric striee that are crowded together

into narrow ridges, and are subparallel to the front and lateral margins of the shell.

Billingsella whitfieldi belongs with the group of species including B. salemensis, or shells

with coarse plications and very fine concentric striae. The latter species occurs with the Olenel-

lus fauna in eastern New York, and B. whitfieldi in the Middle Cambrian of central Nevada.
The specific name was given in honor of R. -P. Whitfield.

Formation and locality.—Middle Cambrian: (55b) Top of the Eldorado limestone [see Walcott, 1908f, p. 1841,

west side of Secret Canyon; and (55) shaly limestone at the top of the Eldorado limestone [Walcott, 19081, p. 184], east

slope of Prospect Mountain, in New York Canyon; both in the Eureka district [Hague, 1892, Atlas], Eureka County,

Nevada.



BILLINGSELLIDiE. 765

Genus OBTJSIA Walcott.a

Orthis {Orusia) Walcott, 1905, Prpc. U. S. Nat. Mus., vol. 28, p. 273. (Characterized and discussed essentially as

below as a new subgenus.)

Orusia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 148. (Classification of genus.)

Orthis lenticularis of authors is not an Orthis as restricted by Hall and Clarke [1892c,

pp. 192-194]. It appears to belong more nearly to the group of species assembled under

Eoorthis. It departs from Eoorthis in its very thin shell, subequally convex valves, small

umbonal cavity, and Avide variation in form and surface characters.

Type.—Anomites lenticularis Wahlenberg [1821, p. 66].

Orusia? eurekensis (Walcott).

Plate CI, figures 7, 7a.

Orthis eurekensis Walcott, 1884, Mon. U. S. Geol. Survey, vol. 8, pp. 22-23, PI. IX, figs. 8 and 8a. (Described as

a new species. The specimens represented by figs. 8 and 8a are redrawn in this monograph, PI. CI, figs. 7a and

7, respectively.)

Protorthis? eurekensis (Walcott), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 232.

(Merely changes generic reference.)

Orthisf eurekensis Walcott, Schuchekt, 1897, Bull. U. S. Geol. Survey No. 87, p. 286. (Merely accepts the original

generic reference.)

Orthis (Onisia?) eurekensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 277. (Described and discussed as below.

General form rounded subquadrate; strongly convex. Surface marked by fine, rounded,

radiating ribs, five in the distance of 1 mm. Length of ventral valve, 4 mm.; width,

4.5 mm.; dorsal valve a trifle shorter.

Ventral valve with a high median fold over the umbo, that widens and flattens toward

the front margin, which is arched to receive the projecting median depression of the dorsal

valve. The umbo curves over to the apex, which overhangs the hinge line. Area low and
strongly inclined backward. The interior cast shows that there was a tliick pseudospondylium,

but no details of it are preserved.

Dorsal valve with a deep, gently curved median sinus or depression that extends from
the umbo to the front margin. In the cast strong anterior adductor muscle scars are shown
on the sides of the median depression, and just back of them, in the sinus, what may be the

smaller posterior adductor scars.

Observations.—This strongly marked shell suggests some of the more convex shells of

Orusia lenticularis (Wahlenberg); it differs in its fine ribs, deep median sinus in the dorsal valve,

and the sharp fold of the ventral valve; also in the presence of a thickened shelf beneath the

umbo of the ventral valve that suggests a spondylium; this character, however, is sometimes
indicated m 0. lenticularis (PI. XCVIII, figs. Ic and le).

The specific name is derived from Eureka district, Nevada.

Formation and locality.—Middle Cambrian: (55b) Top of the Eldorado limestone [Walcott, 1908f, p. 184]

west side of Secret Canyon, Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

Orusia lenticularis (Wahlenberg).

Plate XCVIII, figures 1, la-p, 2, 2a-k, 3, 3a-b, 6, 6a-c.

Anomites lenticularis Wahlenberg, 1821, Nova Acta Regies Soc. Sci. Upsaliensis, vol. 8, Petrificata telluris Svecanse,

pp. 66-67. (Described in Latin as a new species; see Matthew, 1892, p. 46, for copy of or?ginal, and translation.)

Atrypa? lenticularis (Wahlenberg), Dalman, 1828, K. Svensk. Vet. -Acad. Handl. for 1827, pp. 132-133. (Described

in Latin; see Matthew, 1892, p. 46, for copy of original, and translation.)

I Prior to the deflnition of the genus Orusia, the species now placed

Anomites Wahlenberg [1821, p. 66].

Atrypa? Dalman [1828, p. 132].-

Spirifcraf von Buch [1834, p. 48].

Atrypa? Hisinger [1837, p. 76].

Atrypa Kjerulf [1857, p. 92; 1866, p. 3).

Orthis Salter [1866, p. 339].

Orthis Davidson [1868, p. 314; 1869, p. 230].

OrtJiis Kayser [1876, p. 9].

Orthis Roemer [1876, PI. II, figs. 4a-c].

under that genus were referred to the following genera:

Atrypa Kjerulf [1S79, PI. XIII].

Orthis Salter and Etheridge [1881, p. 544].

Orthis Brogger [1882, p. 48].

Orthis Walcott [lS84b, p. 22].

Orthis Roemer [1S85, p. 33].

Orthis Matthew [1892, pp. 46, 48, and 49].

Protnrthis? Hall and Clarke [1892c, p. 232].

Orthis? Schuchert [1897, p. 286].

Orthis Matthew [1903, pp. 213, 216, and 217].
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Spiriferaf lenticularis (Wahlenberg), von Buch, 1834, Physikal. Abhandl. K. Akad. Wiss. Berlin, p. 48, PL I, figs.

13 and 14. (Described in German; see Matthew, 1892, p. 47, for translation.)

Atrypa? lenticularis (Walilenberg) Hisingee, 1837, Lethsea Svecica, p. 76. (Not seen.)

Atrypa lenticularis (Wahlenberg), Kjbrulp, 1857, Geologie des sudlichen Norwegens, p. 92. (Locality mentioned in

German.)

Atrypa lenticularis (Walilenberg), Kjerulf, 1865, Veiviser ved Geologiske Excursioner i Christiania Omegn, p. 1,

and figs. 7a-d, p. 3. (Mentioned and locality given in Norwegian.)

OrtMs lenticularis (Wahlenberg), Salter, 1866, Mem. Geol. Survey Great Britain, vol. 3, p. 339, PI. IV", figs. 8-10.

(Described and discussed; see Matthew, 1892, p. 47, for copy.)

Orthis lenticularis (Wahlenberg), Davidson, 1868, Geol. Mag., vol. 5, p. 314, PL XVI, figs. 20-22. (Occurrence men-
tioned and new localities given.)

Orthis lenticularis (Wahlenberg), Davidson, 1869, British Fossil Brachiopoda, vol. 3, pt. 7, No. 3, pp. 230-232, PI.

XXXIII, figs. 22-28. (Described and discussed, copying Wahlenberg's original description in Latin, 1821,

. p. 66. Figs. 22, 23 and 24, and 25 are copied from Salter, 1866, PL IV, figs. 9a, 9b, and 9c, respectively; figs.

28 and 28a are copied from Davidson, 1868, PI. XVI, figs. 22 and 22a; and figs. 26, 26a-b are redrawn from the

specimen figured by Davidson, 1868, PL XVI, figs. 21 and 21a.)

OrtMs lenticularis (Wahlenberg)?, Kayser, 1876, Beitrage zur Geologie und Palseontologie der argentinischen Repub-
lik, vol. 2, Paleontologischen Theil, Abth. 1, p. 9, PL I, figs. 11 and 12. (Characterized and discussed in

German; see pp. 767-768 for translation.)

Orthis STp.; Kayser, 1876, idem, p. 9, PL I, fig. 13. (Characterized in German; see p. 768 for translation.)

Orthis lenticularis (Wahlenberg), Roemer, 1876, Lethroa geognostica, pt. 1, Lethaea palaeozoica. Atlas, PL II, figs. 4a-c.

(No text reference. Fig. 4a is copied from Salter, 1866, PL IV, fig. 9a; figs. 4b and 4c are copied from David-

son, 1869, PL XXXIII, figs. 26b and 26a, respectively.)

Atrypa lenticularis (Wahlenberg), Kjerulf, 1879, Sydlige Norges Geologi, atlas, PL XIII. (Gives position in vertical

section.)

Orthis lenticularis (Wahlenberg), Salter and Etheridge, 1881, Mem. Geol. Survey Great Britain, vol. 3, 2d ed., pp.
544-545, PL IV, figs. 8-10. (Text and figures copied from Salter, 1866, p. 339, PL IV, figs. 8-10.)

Orthis lenticularis (Wahlenberg), Brogger, 1882, Die silurischen Etagen 2 und 3, p. 48. (Specimens from new locali-

ties discussed in German.)

Orthis lenticularis (Wahlenberg), Roemer, 1885, Paleontologische Abhandlungen von Dames und Kayser, Bd. 2, Hft.

5, pp. 33-34 (280-281), PL I (XXIV), figs. 9a-c. (Occurrences of the species discussed in German. Pig. 9a is

copied from Salter, 1866, PL IV, fig. 9a; figs. 9b and 9c are copied from Davidson, 1869, PL XXXIII, figs. 26b

and 26a, respectively.)

Orthis lenticularis (Wahlenberg), Matthew, 1892, Trans. Roy. Soc. Canada for 1891, vol. 9, sec. 4, No. 5, pp. 46^8,

PL XII, figs. 9a-d. (Gives original and translation of Wahlenberg, 1821, p. 66, translations of Dalman, 1828,

p. 132, and von Buch, 1834, p. 48, and copy of Salter, 1866, p. 339, and describes and discusses species. Speci-

mens from Matthew's material are figured in this monograph, PL XCVIII, figs. 3, 3a-b, but as far as can be
determined none of these specimens were figured by Matthew, 1892, PL XII, figs. 9a-d.)

Orthis lenticularis strophomenoides Matthew, 1892, idem, p. 49, PL XII, figs. 12a-b. (Characterized and discussed

as a new variety. The specimens represented by PL XCVIII, figs. Ic and 2b, of this monograph, are typical of

this proposed variety, but they are drawn from material in the collections of the United States National Museum,
and are not the type specimens.)

Orthis lenticularis (Wahlenberg), Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, pp.

213-216, PL XVII, figs. la-d-. (Text and figures copied from Matthew, 1892, pp. 46^8, PL XII, figs. 9a-d.)

Orthis lenticularis strophomenoides Matthew, 1903, idem, p. 217, PL XVII, figs. 4a-b. (Characterized. Figs. 4a-b

are copied from Matthew, 1892, PL XII, figs. 12a-b, respectively.)

Orthis {Orusia) lenticularis (Wahlenberg), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 273-276. (Described

and discussed essentially as below, giving translation of Kayser's references, 1876, p. 9.

Matthew [1892, pp. 46-48], in his excellent review of the descriptions of this species, gives

a translation of Wahlenberg's original description, together with the I^atin; also the descrip-

tions of Dalman [1828, p. 132], von Buch [1834^ p. 48], and Salter [1866, p. 339].

He calls attention [1892, p. 47] to the fact that if the reader will compare the several descrip-

tions of this species by the authorities named he will be surprised at the diversity they exlaibit.

This diversity, Matthew thinks, is due partly to the imperfect descriptions of the earlier writers,

but chiefly to the remarkable variability of the species. Matthew recognizes the species in the

Upper Cambrian, near St. John, New Brunswick, and has also distinguished three varieties.

Through his kindness I had the opportunity of studying the types of the varieties.

Through M. Schmalensee, a collector in the Geological Survey of Sweden, I secured a large

and fine series of this species from thin bands of limestone in the Olenus and alum shales on
Oeland Island and at Hunneberg. I also collected a quantity of the shells in the Upper Cam-
brian of Manuels Brook, Newfoundland. From this material an attempt has been made to
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select a series illustrating the great range of variation in form and surface markings, first, from
Sweden; second, from Newfoundland; and third, from New Brunswick. I was not able to

obtain satisfactory material from Wales, but Davidson's figures [1869, PI. XXXIII, figs. 22-28]
illustrate fully the peculiarities of the species as it occurs there.

The general form of the shell is fairly well shown by the series of figures on Plate XCVlII

;

also the great variation in surface characters. Only one specimen was found in which the two
valves were united (PI. XCVIII, figs. 6, 6a-c). The convexity of the two valves is subequal,
the ventral being a trifle greater. The cardinal view (PI. XCVIII, fig. 6c) shows how short the
hinge line of both valves is in a specimen where the cardinal extremities are rounded. The
side view shows the angle of slope of the areas of the two valves.

A very careful search of the casts of the interior was made for the purpose of illustrating

the muscle scars and vascular markings, and in a few instances traces of these have been found.
In one illustration (PI. XCVIII, fig. le) the area (pseudospondylium) beneath the umbo of

the ventral valve is outlined, also the main vascular sinuses; in another (PI. XCVIII, fig. Ip),

drawn from the cast of a small ventral valve, the area, main vascular sinuses, and the details

of the umbonal cavity are clearly shown. The backward extension of the cast of the grooves
occupied by the sinuses to the apex of the cavity is ver};- distinct; also the area between them
occupied by the path of advance of the scars of the adductor muscles. Matthew [1892, PI.

XII] illustrates some traces of the vascular markings and muscle scars, but they are almost too

indefinite to be of value.

In a single specimen of the ventral valve from Oeland Island (PI. XCVIII, fig. Ip) the cast

of the umbonal cavitj^ is nearly as sharp as in some specimens of Eoorthis remnicha. The
cavity is tripartite (PL XCVIII, fig. Ic), the central division being occupied by the diductor muscle
scars, and the two lateral divisions are continuous with the ridges representing the casts of the

main vascular sinuses. I have been unable to secure any illustrations to show clearly whether
there is a deltidium present or not. The delthyrium is clearly shown in several specimens.

Casts of the interior of the dorsal valve from Newfoundland (PI. XCVIII, figs. 2f and 2h) show
the presence of crural plates that extend to the bottom of the valve; also short but very

definite crura and small depressions beside the latter for the reception of the teeth of the ventral

valve. A cast of the ventral valve (PI. XCVIII, fig. 2d) shows that the dental plates extend

to the bottom of the valve; and specimens from Sweden (PI. XCVIII, figs. Ic and le) show
that in certain individual ventral valves the dental plates and a transverse arching ridge sharply

defiiie the umbonal cavitj^.

The average size of the specimens from Oeland Island is about 5 by 6 mm. One dorsal

valve is 7 by 9 mm. Those from Hunneberg average from 5 to 6 mm., with occasional shells

7 by 8 mm. In Newfoundland great numbers measure 4 by 5 mm., and some have a length

of 10 mm. and a width of 12 mm. Matthew [1892, p. 48] states that the average size of the

shells in the Acadian rocks is about 5 by 6 mm. Brogger [1882, p. 48] mentions an example
from Toien, Christiania, Norway, measuring 10.5 mm. by 12.5 mm.

I have not attempted any detailed description of the species, as it is so variable in form

and surface markings. An attempt was made to determine varieties in the material from

Sweden and Newfoundland, but there was such a gradation in all of the characters upon which

such differentiation might rest that it was finally abandoned. Matthew [1892, p. 48] considers

that he has reason for establishing varieties among the New Brunswick forms. Whether these

would be of value if a large amount of material were available for comparison is doubtful.

Kaj^ser [1876, PL I, figs. 11 and 12] illustrates a shell that is apparently identical with

Onisia lenticularis, which occurs in the sandstone at Tilcuya, Province of Jujuy, Argentina,

in association with Olenus, Agnostus, etc. He also illustrates [1876, PL I, fig. 13] a dorsal valve

of a small Orthis that in many respects looks more like 0. lenticularis than figures 11 and 12 of

the same work. I very much doubt if they represent this species; in fact, Kayser questions

his identification by an interrogation mark. He says of the shell [1876, p. 9]:

Another, much smaller, Orthis species occurs in the fine-grained sandstones of Tilcuya, associated with Olenus,

Agnostus, Arionellus, Theca, and Orthis saltensis, which has just been described. The smaller Orthis species is
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transversely oval in outline, with straight hinge edge, corresponding to the greatest hreadth of the shell. The ventral

valve is moderately arched, the dorsal somewhat less. The surface of both valves is covered with comparatively

strong ribs, arranged in bundles. On the middle of the ventral valve there is an especially well-marked rib or bundle

of ribs. Corresponding to this on the dorsal valve there is a well-marked sinus, limited on each side by a strong bundle

of ribs.

t'he form just described agrees in the main so well with the figures given by Salter and Davidson of the small

English form identified with Wahlenberg's lenticularis that I can hardly doubt its specific identity with the latter.

Of Orthis sp. Kayser remarks [1876, p. 9]:

Before me lies a cast from Tilcuya, representing a third Orthis species. It is almost equal in size to 0. saltensis,

but differs from it in outline, which is greatly prolonged transversely, the greatest breadth at the hinge edge, and the

feeble winglike projection of the hinge corners. This last-named characteristic and the much larger dimensions also

distinguish this fossil from 0. lenticularis. The surface of the shell has been covered with very strong bundles of ribs.

Matthew [1892, pp. 48-49] has named three varieties of Orusia lenticularis. I fiiid essen-

tially the same forms in the collections from Sweden and Newfoundland. Two of the varieties,

Orusia lenticularis atrypoides and 0. lenticularis lyncioides, have been illustrated in this mono-
graph from Matthew's type specimens. The third variety, Orusia lenticularis stropTiomenoides,

occurs associated with specimens of Orusia lenticularis in the Swedish material, and does not

appear to be of varietal value. It is illustrated in this monograph by Plate XCVIII, figures

Ic and 2b.

FoKjiATioN AND LOCALITY.—TTpper Cambrian: (9f) Limestones of the Olenus zone at Noersnses, west of Chris-

tiania; (3231) with Parabolina spinulosa at Toien, about 1 mile (1.6 km.) northeast of Christiania; (323m) Etage 2b

at Oslo, about 1 mile (1.6 km.) southeast of Christiania; (323n [Brogger, 1882, p. 48]) Etage 2b at Vestfossen, 10 miles

(16.1 km.) west-southwest of Christiania; (323o) « Etage 2b, in the city of Christiania; (323p) Etage 2b at Slemmestad,

about 3 miles (4.8 km.) southwest of Christiania; (323(j. [Brogger, 1882, p. 101]) Etage 2b at Kartveit, in the

Christiania region; (323r) <i Etage 2b at Krekling, in Sandsvar; (323s) « Etage 2b at Gjogrefos, in Sandsvar; (323t)

Etage 2b in Hedemarken, east of Lake Mjosen (Miosen), about 40 miles (64 km.) north-northeast of Christiania; (323u) "

!l6tage 2b at'Oxna (Oksna), valley of Glommen River; and (323v [Davidson, 1869, p. 231]) at Egeherg (about 1.5

miles (2.4 km.) southeast of Christiana?); all in Norway.

(310a) Shales of Olenus Iruncalus zone, Oeland Island; (390n) limestones of Olenus zone at Hunneberg, western

boundary of the Province of Skaraborg; (309m) limestones forming 3c of the Olenus series atAlunbruk (alum works),

southern part of Oeland Island; (390o) arenaceous shales at Andrarum, 20 miles (32 km.) northwest of Simrishamn,

Province of Christianstad ; and (390p [Davidson, 1869, p. 231]) at Kinnekulle, northeast of Lidkoping, Province of

Skaraborg; all in Sweden.

Drift bowlders of gray bituminous limestone at the following localities [Roemer, 1885, pp. 33 and 34]; (386e)

Between Vistula and Elbe rivers, in Schleswig-Holstein and Mecklenburg-Schwerin; (386f) near Wismar, Mecklen-

burg-Schwerin; (386g) near Rostock, Mecklenburg-Schwerin; and (386h) near Meseritz, Province of Posen; all in

Germany.

Upper Lingula flags at the following localities: (318s) & Ogof-ddu Cliff, Carnarvonshne; (366s) 5 miles (8 km.)

east of Ffestiniog, Merionethshire; (318t) 6 Penmorfa Church, Tremadoc, Carnarvonshue
;
(318u) 6 Gwerny-y-Barcud;

(318v)6 Rhiwfelyn; (318) & Penmain Pool, west of Dolgelly, Merionethshire; (318a) 6 Criccieth, Carnarvonshire; and

(318b [Davidson, 1869, p. 232]), near Portmadoc, Carnarvonshire; all in North Wales.

(3) Shaly limestone 300 feet (91.4 m.) above the Paradoxides zone; and (6v) shaly limestones 325 feet C99.1 m.)

above the Middle Cambrian; both on Manuels Brook, Conception Bay, Newfoundland.

(314i) Shale picked up on beach in Smith Sound, Trinity Bay, Newfoundland.

(lOh) Shale on small east branch of Barachois River, 0.75 mile (1.2 km.) north of the crossroad from Boisdale

to Upper Leitches Creek; (13q.) shales of the Bretonian division of Matthew's [1903, p. 45] section on Gillis Brook,

East Bay; (307h) c in Division C3b? (possibly C3e) of Matthew's section, on McLeod Brook=Barachois River; (307i) c

in Division C3b of Matthew's section on McNeil Brook, east of Mira River; (307]) « limestone in Division C3b? (pos-

sibly C3c) on East Bay, east of Bras d'Or Lake; and (307 1) = limestone in Division C3b? (possibly C3c) on Gillis Brook;

all in eastern Cape Breton, Nova Scotia.

Limestone lentils in black shales of Division C3a of Matthew's section at the following localities: (308b [Mat-

thew, 1892, p. 48]) on Germaine Street, St. John; and (308f) " on King Street, St. John; both in St. John County, New
Brunswick.

(389b [Kayser, 1876, p. 9]) Sandstone at Tilcuya, Province of Jujuy, Argentina, South America.

Middle Cambrian : (55b) Top of the Eldorado limestone [Walcott, 1908f, p. 184], west side of Secret Canyon,

Eureka district [Hague, 1892, Atlas], Eiu-eka County, Nevada.

(320f) Limestone at Andrarum, 20 miles (32 km.) northwest of Simrishamn, Province of Christianstad, Sweden.

a Brogger, 1882, p. 4. 6 Davidson, 1868, p. 314. c Matthew, 1903, p. 210.
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Oeusia lenticularis atetpoides (Matthew).

Plate XCVIII, figure 5.

Orthis lenticularis atrypoides Matthew, 1892, Trans. Roy. Soc. Canada for 1891, vol. 9, sec. 4, No. 5, p. 48, PI. XII,
figs, lla-b. (Characterized as a new variety; see below for copy. The specimen represented by fig. 11a is

redrawn in this monograph, PL XCVIII, fig. 5.)

Orthis lenticularis atrypoides Matthew, 1903, Geol. Survey Canada, Kept. Cambrian Rocks Cape Breton, p. 217, PI.

XVII, figs. 3a-b. (Characterized. Figs. 3a-b are copied from Matthew, 1892, PI. XII, figs, lla-b, respec-

tively.)

Orthis (Oricsia) lenticularis atrypoides (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 276. (Original

characterization copied as below.)

The original description by Matthew follows

:

This form is comparatively smooth, though the ventral valve is sometimes concentrically wrinkled. This valve
is distinguished by a medlar -idge and somewhat flattened sides, and the dorsal valve has an unusually deep sinus.

Size of the known examples, 6 by 6 mm., and 5 by 6 mm. for the two valves.

Formation and locality.—Upper Cambrian: (308b [Matthew, 1892, p. 48]) Limestone lentils in black shales

of Division CSa of Matthew's section, Germaine Street, St. John, St. John County, New Brunswick, Canada.

Orusia lenticularis lyncioides (Matthew).

Plate XCVIII, figure 4.

Orthis lenticularis lyncioides Matthew, 1892, Trans. Roy. Soc. Canada for 1891, vol. 9, sec. 4, No. 5, p. 49, PI. XII,
figs. lOa-c. (Characterized as a new variety; see below for copy. The specimen represented by fig. 10a is

redrawn in this monograph, PI. XCVIII, fig. 4.)

Orthis lenticularis lyncioides Matthew, 1903, Geol. Survey Canada, Rept. Cambrian Rocks Cape Breton, p. 216, PI.

XVII, figs. 2a-c. (Characterized. Figs. 2a-c are copied from Matthew, 1892, PL XII, figs. lOa-c, respec-

tively.)

OrfMs {Orusia) lenticularis lyncioides (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 277. (Original

characterization copied as below.)

^he original description by Matthew follows:

Distinguished by its sharp, strong, radiating ribs, large umbo, and high cardinal area. In some of the larger

examples the radiating ribs become subordinate to and are replaced on the newer part of the shell by concentric strije

reversing the usual position of the ribbed and the smooth parts of the shells of this species. Size of the valves about
6 by 8 mm.

I have illustrated a ventral valve from Matthew's material that is the most strongly marked.
The ventral valves are similar to those from Newfoundland represented by Plate XCVIII,
figures 2h and 2i.

Formation and locality.—Upper Cambrian: (308b [Matthew, 1892, p. 49]) Limestone lentiles in black shales

of Division C3a of Matthew's sect^'on, Germaine Street, St. John, St. John County, New Brunswick, Canada.

Genus OTXJSIA Walcott.a

Billingsella (Otusia) Walcott. 1905, Proc. U. S. Nat. Mus., vol. 28, p. 246. (Mentioned as a new subgenus.)

Otusia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 148. (Classification of genus.)

This name was proposed [1905a, p. 246] to include " Orthis sandbergi" of N. H. Winchell,

which was the only species known at the time the genus was named. One new species, Otusia

utahensis, has been added since. The generic and specific characters are included in the descrip-

tion of the sf)ecies.

Otusia sandbergi (N. H. Winchell).

i-^ Plate XCIII, figures 4, 4a-d.

Orthis sandbergi N. H. Winchell, 1886, Fourteenth Ann. Rept. Geol. and Nat. Hist. Survey Minnesota, p. 318, PI. II,

figs. 8 and 9. (Described as a new species.)

Orthis {">) sandbergi Winchell, Walcott, 1899, Mon. U. S. Geol". Survey, vol. 32, pt. 2, pp. 452-453, PL LXI, figs, 2, 2&-d.

(Described and discussed as on p. 770. Figs. 2, 2a-d are copied in this monograph, PL XCIII, figs. 4, 4a-d,

respectively.)

a Prior to the definition of tlie genus Otusia the type species was described under the genera Orthis N. H. Winchell [1886, p. 31SJ and OrtMs ?

Walcott [1890, p. 452].

62667°—VOL 51, ft 1—12 49
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Billingsella (Otusia) sandbergi (Wmchell), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 24&-247. (Described

and discussed essentially as in preceding reference, p. 769, and as below.)

Shell small, transverse, subquadrate in outline, exclusive of the acute cardinal extremities.

Valves slightly convex, with a straight hinge line longer than the greatest width of the shell;

cardinal area narrow, but well developed on each valve and divided by a rather large open

delthyrium.

The ventral valve slightly flattened at the cardinal extremities, rising toward the center

with a convex triangular swelling, broadening from the narrow beak to the front; beak small,

rounded, and extending slightly beyond the hinge line. Dorsal valve flattened at the cardinal

extremities, with well-marked rounded ridges rising between them, and a rather broad, well-

defined median sinus; beak very small, slightly encroaching upon the hinge line.

Surface marked by fine, regular, radiating striae, between which one or more faint interme-

diate striae are sometimes visible ; under favorable conditions very fine concentric striae can be

seen, and there are also usually present more or less distinctly marked lines of growth.

Very little is known of the interior of the ventral valve. Two fragments of the posterior

portion show a broad delthyrium, strong teeth, and a broad umbonal cavity opposite the

delthyrium. In the ventral valve the area is narrow and divided by a broad delthyrium, which

has a strong cardinal process that extends forward nearly three times the length of the area.

Anteriorly, it rests on a broad ridge that extends forward, gradually broadening out and disap-

pearing at the anterior margin of the shell.

In my former description [1899, p. 453] I stated that "the generic character of this species

has not been fully ascertained, but the material from the Yellowstone National Park and

specimens from the typical locality at Red Wing, Minnesota, lead me to think that this can not

be referred to the genus Billingsella. It appears to be an Orihis of the Plectorthis group of

Hall and Clarke." A closer study of this species and the forms referred to Billingsella led me
[1905a, p. 246] to refer it to Otusia on account of its surface characters, the character of the del-

thyrium in the two valves, and the strong cardinal process and median ridge in the dorsal valve.

A comparison of the specimens of this species from the type locality at Red Wing, Min-

nesota, with those from the Yellowstone National Park shows the two shells to be specifically

identical as far as the comparison of casts in sandstone can be made with well-preserved shells

on the surface of limestone.

The specific name was given in honor of Dr. J. H. Sandberg, of Red Wing, Minnesota, who
first called attention to the type locality of this species.

FoEMATiON AND LOCALITY.—Upper Cambrian: (86a) "(St. Croix sandstone^' near Red Wing, Goodhue County, Min-

nesota.

(302f) Upper part of the Gallatin formation, north, side of Elk Pass, between Buffalo and Slough creeks, Yellowstone

National Park, Livingston quadrangle (U. S. Geol. Survey), Montana.

Otusia utahensis n. sp.
u

Plate LXXXIX, figures 3, 3a-c.

This species is represented by several fragments of the two valves. One of the specimens,

represented by figure 3, indicates the general outline of the ventral valve, and figure 3b that of

the dorsal valve. The surface is marked by concentric lines and small ridges of growth and

numerous fine, rounded, radiating ribs that increase by the division of the ribs as they are

lengthened by the growth of the shell. A shallow median sinus occurs on the dorsal valve,

and a rounded median ridge on the ventral valve.

The largest dorsal valve has a width of 9 mm. at the hinge line, with a length of about 6 mm.
^he generic reference is made on account of the general resemblance of this form to Otusia

sandbergi (N. H. Winchell). It differs from the latter in outline and in the rounded character

of the ribs.

Formation and localitt.—Middle Cambrian : (31c) About 900 feet (274.3 m.) above the Brigham quartzite and

3,300 feet (1,005.8 m.) below the Upper Cambrian in the limestone forming lb of the Ute limestone [Walcott, 1908f,

p. 196], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache Comity; (32e) limestone at the
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same horizon as that of No. 31c, just south of the south fork of Paradise Dry Canyon (locally known as East Fork), east

of Paradise, Cache County; and (33r) limestonesfaulted against the Cambrian quartzites in a canyon about 1 mile {1.6 km.),

east of Cricket Spring, Cricket Range (locally known as the Beaver River Range or the Beaver Mountains), northwest of

Blackrock, Millard County; all in Utah.

Genus WYNNIA Walcott."

PTt/mwa Waicott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 148. (Classification of genus.)

The description of the type species includes all that is known of this genus. The material

is poor, but sufficient to indicate that the species belongs to an undefined genus. It differs

from OrtJiis (restricted) in the presence of the large vascular sinuses of the ventral valve and
pointed apex of the dorsal valve. The latter is of the type of the apex of the valves of Nisusia

festinata (Billings). From Billingsella it differs in the absence of dental plates and deltidium

in th^ ventral valve.

Type.—OrtMs warthi Waagen.
The generic name is given in honor of Mr. Arthur B. Wynne, of the Geological Survey of

India.

L Wynnia waethi (Waagen).

Text-figures 68A-A'; Plate LXXXIX, figures 4, 4a-f.

Orthis warthi Waagen, 1891, Mem. Geol. Survey India, Paleontologia Indica, 13th ser.. Salt Range Fossils, vol. 4,

pt. 2, pp. 102-104, PI. I, figs. 12-15, PI. II, figs. 1 and 2. (Described and discussed as a new species. The
specimen represented by fig. 12b is redrawn in this monograph, PL LXXXIX, fig. 4a. The specimen repre-

sented by fig. 14 is redrawn in the same position on PL LXXXIX (fig. 4b) of this monograph and in text fig. 68A'.

Different views of the same specimen are shown in this monograph, PL LXXXIX, fig. 4, and text fig. 68A, both
of which drawings are of the same shell in the same position. The
text figures are the correct representations in each case. PL II,

figs. 2a, 2b, and 2c, are copied in this monograph, PL LXXXIX
figs. 4e, 4d, and 4f, respectively.)

Shell small, biconvex, subcircular to broad oval in

outline. Exterior surface unknown. Cast of interior of

ventral valve strongly convex. Apex slightty incurved

over a rather high area that slopes forward at an angle of

about 45° to the hinge line. The area is formed of two p,^,,,,, ..^ ^,„^ „.,„r , , ^ . ,*=
. .

iiGUKE 08.— Hynmia wart/u (Waagen). A, Cast of

narrow sides separated by a large triangular delthyrium interior of a ventral valve (x 4). Thesheiiwas

without traces of a deltidium; the narrow, elongate sides
compressed laterally and hence the muscle .sears

'
_ .

''°" smuses are crowded toward the center.

are slightly concave and have in the cast a narrow raised a', Posterior view of same specimen, showing

margin next to the delthyrium. The dorsal valve is less
broken-oa heak.

,1 ,

,

, 1 •

,

1 c II. ,1 The specimen from which figures 6SA and 68A'

convex than tlie ventral, its area slopes forward from the are drawn is incorrectly figured on PlateLXXXIX,

hinge and at the apex of the valve bends slightly forward, figures 4 and 4b, of this monograph, and is the speei-

. r „, ^ UiT1it,v.£j.i ^1 1 £ men figured by Waagen [1S91, PI. II, fig. 14]. It is

givmg an effect somewhat like that of the ventral valve of trom the upper portion of the "Neoboius beds" at

Nisusia festinata (Billings), only very much reduced. The ^^^^ h"'- ^^^ ^™R«' ^'^'^ ('^™'- S"''™? India,

~ , . . „ , ,1 ,
Cat. No. 4/124).

casts of the interior of the ventral valve sfiow two strong

vascular sinuses and a faintly defined muscle area. This has an outline not unlike that of the

diductor scars in the ventral valve of Billingsella romingeri (Barrande) (PI. XC, fig. 2g). The
large main vascular sinuses also extend forward in the same manner in the two species. The
illustrations of the interior of the ventral valve of Wynnia warthi (PI. LXXXIX, figs. 4 and 4a)

fail to show the outline of the muscle area as well as it is shown in the specimen represented

by figure 4, so I have inserted text figures 68A and 68A', which are drawn from the same
specimen.

The casts of the interior of the dorsal valve show a median depression with a few radiating

lines, and a few very fine radiating lines extending from the apex a short distance forward.

In addition, by reflected light, the outlines of the anterior and posterior adductor scars can

be seen on the posterior half of the valve (PI. LXXXIX, fig. 4c).

The longest ventral valve in the collection has a length and width of 9 mm. The dorsal

valve is a little shorter.

a Prior to the definition of the genus Wynnia the type species was placed under Ortlris [Waagen, 1891, p. 102].
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Ohservations.—Waagen [1891, p. 102] describes this shell at length and also gives a num-
ber of illustrations that are more or less diagrammatic. Through the courtesy of Doctor

Holland, the director of the Geological Survey of India, I have been able to study the type

specimens. I can not see as much in them as Waagen did, but as far as my observations go

they agree with his, except that the characters shown on the specimen represented by his

figure 15 [1891, PI. I] and figure 1 [1891, PI. II] appear to me to be the result of fracture caused

by compression of the original shell and not to be muscle scars, etc., as interpreted by Waagen
[1891, Pis. I and II].

The differences between this shell and the nearest known forms are mentioned under the

description of the genus (see p. 771).

The specific name is given in honor of Dr. H. Warth, of the Geological Survey of India.

Formation and locality.—Uiddle Cambrian: (357d [Waagen, 1891, p. 104]) "Concretionary shales of the

Khussak group" at several localities between Chel Hill and Kiura (Khewra), eastern part of Salt Range, India.

Subfamily EOORTHINJE Walcott.

Genus EOOBTHIS Walcott. o

l^ivc, dawn; and 6p6dc, straight.]

Not Plectorthis Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, pp. 194-195. (Characterized

as a new genus; see below for copy. This genus, as now restricted, is not known to occur in the Cambrian.)

Orthis {Plectorthis) Walcott [not (Hall and Clarke)], 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 257-259. (Original

characterization copied and genus discussed somewhat as below.)

Plectorthis Grabau and Shimer (in part) [not Hall and Clarke], 1907, North American Index Fossils, vol. 1, pp.

250 and 251. (Characterized. Includes both true Plectorthis and Eoorthis.)

Eoorthis Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 102-104. (Described and discussed as below

as a new genus.)

Eoorthis Walcott, 1908, idem, vol. 53, No. 4, PL XI, and pp. 142 and 148. (Classification of genus.)

In their subdivision of the genus Orthis Dalman, Hall and Clarke [1892c, p. 192] restricted

the genus Orthis to the group of which Orthis callactis Dalman is the type, and, among American

forms, Orthis tricenaria of the Trenton and Hudson faunas. These forms show the existence

of a transverse apical plate in the delthyrium of the ventral valve. The name Plectorthis

was proposed for a second group, of which Orthis 'plicateUa was made the type (PL XCVI, figs.

4, 4a), and of this the authors [1892c, p. 194] say:

This is a persistent form, which in American faunas, so far as known, is limited to the Trenton and Hudson River

formations. \^1iile it retains the strong external ribs of the typical Orthis. these are not invariably simple (0. jissicosta

Hall; 0. triplicatella Meek; 0. xquivalvis Hall [not Davidson]; 0. jamesi, Hall) (PL XCVI, figs. 5, 5a-c). The cardinal

area of the pedicle valve is comparatively low and the valves are subequally convex. In the interior, the character

of the muscle scars, dental lamellse and cardinal process is essentially the same as in group I (Orthis), and the minute

structure of the shell appears to be in precise agreement with that of 0. calligramma though no evidence of tubulose

costee has been observed. In Orthis jamesi, which is placed in this association, there is occasionally a deviation toward

the resupinate contour exemplified in group IV (Orthis subquadrata) and group V (Orthis sinuata).

In the Cambrian faunas I find a group of species intermediate between the typical forms

of Billingsella and of Orthis, as limited by Hall and Clarke [1892c, p. 193], which I have referred

for a long time to Hall and Clarke's Plectorthis, placing that genus as a subgenus of Orthis.

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Eoorthis were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record for the species taken up in

this monograph the following mere generic references are listed:

Orthis de Verneuil and Bnrrande [1860, p. 532].

Orthis Kjerulf [ISeS, p. 1].

Orthis Barrande [ISOSa, p. 99; 18S8b, p. C90].

Orthis Meek [1870, p. 425; 1872, p. 295].

Orthis Mallada [1875, p. 31].

Orthis Kayser [1876, p. 8].

Orthis Reraele [1881, p. 69].

Orthis Brogger [1882, p. 48].

Orthis Kayser [1883, p. 34].

Orthis Eemele [1885, p. 6].

Orthis Roemer [1885, pp. 36, 37, and 38].

Orthis Winchell [18S6, p. 317].

Orthis Gagel [1890, pp. 10 and 34].

Orthisina? Matthew [1892, p. 49].

Strophomena Matthew [1893, p. 102].

Orthis Pompeckj [189ea, p. 4; 1896b, p. 514].

Rafinesquinaf Schuchert [1897, p. 338].

Orthis Kayser [1897, p. 280].

OrtAwf Walcott [1899, p. 451].

Orthis Pompeckj [1902, p. 7].

Orthis Weller [1903, p. 113].

Orthis ? Etheridge [1905, p. 249].

Orthis (Plectorthis) Walcott [1906, p. 570].

Orthis (Plectorthis) Moberg and Segerberg [1906, p. G9].

Nisusia Walcott [1908d, p. 97] (by mistake).
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This Cambrian group of shells which I now refer to a distinct genus may be defined as follows,

the type of the genus being "OrtTiis remnicha" Winchell (Pis. XCI and XCII):
Diagnosis.—Shells subquadrate to transversely elongate; with or without median fold

and sinus; valves subequally convex. Hinge line straight, usually forming nearly the greatest
diameter of the shell. Cardinal extremities broadly angular, rarely acuminate. Surface with
radiating ribs and stride which may be crossed hj concentric growth lines and striae. The ribs

increase by interpolation.

The ventral valve has the umbo more or less elevated over a hinge line, the apex acute
and usually incurved. The area is rather broad, flat or incurved, and transversely striated.

Teeth short and supported by dental plates that extend to the bottom of the valve, bounding
a space (pseudospondylium) including the main vascular sinuses and area of attachment of

the adductor muscle scars. Delthyrium open or partly closed by a convex deltidium. The
adductor muscle scars are included within a narrow median area beneath the umbo on each
side of the median line, and the diductors in a more or less flabelliform area outside of the
main vascular sinuses. Pedicle scars unknown.

Dorsal valve with low umbo and slightly incurved apex; area well developed, with a
broad delthyrium. Deltidial cavity with a straight, simple, cardinal process. Dental sockets
small, with short crura. The adductor muscle scars are small, the anterior being nearer the
median ridge, which usually extends forward from the base of the cardinal process.

Shell structure dense, with a minutely granular groundmass. Sections vertical to the

outer surface, however, show a few laminations of growth, but no fine fibers; sections on the
plane of the surface show a few coarse irregular fibers resembling matted wood pulp ; a dense
granular groundmass that is penetrated here and there by irregular openings of varying size.

The openings or pores appear to be confined to one or more lamellae of the shell and not to

pass through it from inner to outer surface, as in Orthis (Dalmanella) parva and allied punctate
orthoids. The openings are usually indicated by minute scattered dark spots.

Type.—Orthis remnicha Winchell.

Observations.—The Cambrian species referred to Eoorthis have relatively thin shells that

retain on the interior surfaces but slight traces of the muscle scars and vascular markings,

except in the umbonal cavity. Eoorthis may be distinguished from Orthis (s. s.) by (1) its ribs

increasing by interpolation; (2) its strongly defined pseudospondylium; (3) its relatively thin

shell; and (4) its dense, nonfibrous shell structure. The last three characters also distinguish

it from Plectorthis and other subgenera of Orthis. Eoorthis may be considered as the possible

connecting link between Billingsella and the orthoids of the Ordovician.

The geological range of Eoorthis is from the upper portion of the Middle Cambrian through
the Upper Cambrian and into the lower portion of the Ordovician.

Two of the species from strata referred to the Middle Cambrian are represented by material

too imperfect for specific description; they occur with Paradoxides in Bohemia, and it is not
improbable that they will be found to belong to some other genus. The remaining one of

the three species referred to the Middle Cambrian is E. wichitaensis, which occurs in the upper
portion of the Middle Cambrian and base of the Upper Cambrian, and E. hastingsensis, which
occurs in the Middle Cambrian (Paradoxides zone).

Eoorthis agreste (Walcott).

Plate LXXXIX, figures 6, 6a.

Orthis (Plectorthis) agreste Walcott, 1906, Proc. U. S. Nat. Mus., vol. 30, p. 570. (Described as below as a new species.)

Shell transverse, subsemicircular ; a ventral valve 9 mm. in length has a width of 12 mm.
and a hinge line 10.5 mm. in length; ventral valve moderately and regularly convex, with the

apex curved down to an area that is slightly inclined forward from the hinge line. The details

of the cardinal area are unknown.
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Surface marked by rounded radiating ribs and interspaces, 6 ribs in a space of 3 mm.
near the front margin; a few of the ribs bifurcate, but most of them extend from the umbo
to the front margin; the ribs are crossed by fine concentric striae and strong lines of growth.

Observations.—This shell is characterized by its regular convexity and the uniformity of

the rounded, radiating ribs.

Formation and locality.—Middle Cambrian: (C28) Upper part of the thin-bedded gray limestone at the base

of the Changhia formation [Blackwelder, 1907a, p. 32 (first list of fossils), and fig. 6 (bed 20), p. 25] 1 mile (1.6 km.)

east-southeast of Changhia, Shantung, China.

EOORTHIS ATAVA (MattllCw).
W

Plate XCV, figures 7, 7a-b.

Strophomena atava Matthew, 1893, Trans. Roy. Soc. Canada for 1892, 1st ser., vol. 10, sec. 4, No. 7, pp. 102-103, PI.

VII, fig. 8a-f. (Described and discussed as a new species; see below for copy. The specimens represented

by figs. 8c, 8a, and 8b are redrawn in this monograph, PL XCV, figs. 7, 7a-b, respectively.)

Rafinesquina? atava (Matthew), Sohucheet, 1897, Bull. U. S. Geol. Survey No. 87,.,p. 338. (Merely changes generic

reference.)

Orihis {Plectorthis?) atava (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 259-260. (Original descrip-

tion copied and species discussed as below.)

Strophomena? atava Matthew, Mobeeg and Segbrberg, 1906, Medd. bka Lunds Geol. Faltklubb, Ser. B, No. 2

(Aftryck ur K. Fysiografiska Sallskapets Handl., N. F., Bd. 17), PI. II, figs. 7, 7a-b. (No text reference. Figs.

7, 7a-b, in common with the remaining figures on PL II of Moberg and Segerberg's paper, were copied from

a preliminary photograph of PL XCV of this monograph.)

The original description by Matthew follows

:

Narrow semicircular. Valves slightly arched, rather wider than the hinge line, compressed at the cardinal

angles; sides of the valves nearly straight behind, regularly rounded in front.

Ventral valve moderately convex, highest and somewhat angulated at the middle of its length. Umbo incon-

spicuous and appressed to the very narrow area.

Dorsal valve somewhat concave, especially toward the umbo, which is depressed to the general level of the

valve.

The interior of the ventral valve has characters intermediate between those of Orthis and Strophomena. The

rido-es inclosing the cardinal muscles are shorter and closer at their extremities than in Strophomena, and the scar of

the adductor muscle is broader and shorter, but extends halfway to the front of the valve. There is a low, sharp

ridge at the umbo between the branches of the posterior cardinal muscle, and the ventral cavity is faintly outlined

in front. Another cast of the ventral valve of a larger individual, perhaps of this species, shows the impressions of

the muscles more distinctly; in this the impression of the adductor muscle is much nearer to the hinge, being about

two-thirds from the front of the valve. There is a low callus in front of the imprint of the adductor muscle.

A partly decorticated example of the dorsal valve exhibits a small bifid scar at the hinge line, due to the adductor

muscle. There is no median ridge, such as is found in Orthis, the median sinus being almost obsolete. In front of the

impression of the adductor muscle is a small, low callus.

Sculpture: This consists of sharply raised, rounded, radiating ridges, slightly crenulated by obscure, transverse

lines. These ribs are of varying size, every third or fifth rib being larger than the others. These large ribs extend

outward from the umbo, and the smaller ones are intercalated between them, or spring from them. On the dorsal

valve there are two main ribs in the sinus of the valve and three others extending to the lateral margins; smaller ribs

are intercalated between these. On each side of the group of ribs on the middle third of the shell are four fainter,

but more strongly arched groups of ridges which throw off minor ridges at the back, directed toward the lateral mar-

gins. On the ventral valve the small ribs are alrdost all intercalated and do not spring from the back of the primary

ribs, as in those of the dorsal valve.

Size: Length, 12 mm.; width, 14 mm. Height of area of dorsal valve, 0.5 mm.; of ventral valve, 1 mm. A
valve supposed to be of this species is 15 mm. long and 19 mm. wide.

Ohservations.—With the available data this species appears to be quite as near to Eoorthis

as any described genus. It does not appear to belong with the typical forms of Strophomena

or Rafinesquina. The surface ribs, increasing by interpolation, and possibly bifurcation, and the

form of the pseudospondylium in the ventral valve, strongly suggest a relationship with Eoorthis.

It will probably require better preserved material to determine satisfactorily the correct

generic reference for the species.

Formation and locality.—Upper Cambrian: (308a [Matthew, 1893b, p. 103]) Dark shales of division C3a of

Matthew's section of the St. John formation, Navy Island, St. John Harbor, St. John County, New Brunswick, Canada.



BILLINGSELLID^. 775

EooETHis BAVARiCA (Barrandc).

Plate XCVII, figure 4.

Orthis bavarica Barrandb, 1868, Faune silurienne des environs de Hof , en Bavifere, p. 99, fig. 76. (Described in French
as a new species; see below for translation. Fig. 76 is reproduced in this monograph, PL XCVII, fig. 4.)

Orthis bavarica Barrande, 1868, Neues Jahrb. fiir Mineralogie for 1868, p. 690, unnumbered plate, fig. 76. (Copy
of preceding reference.)

Orthis sp., PoMPECKj, 1896, Tremadoc Fossilien bei Hof, p. 4. (Discussed in German; ^ee below for statement of

probable relationships.)

The original description by Barrande follows

:

This very rare species is only represented by two specimens, reduced to a single valve, of which the less imperfect

of the two is figured. It has been deformed by compression, but we recognize that it represents the ventral valve,

the beak of which appears remarkably acute and projecting, doubtless by reason of compression. This valve shows

a barely indicated sinus, very shallow, but rather broad on the frontal contour. The surface is ornamented with
projecting longitudinal striae, close together, most of which end at the beak, but some are bifurcated in their exten-

sion. A trace of some concentric strise is seen.

Length, 14 mm. ; breadth, somewhat reduced by compression, 9 mm.

Pompeckj [1896a, p. 4] mentions the finding of two impressions of a species of Orthis

agreeing in form with E. iavarica (Barrande) at Neuhof, near Hof. The species differs in

having a sharper, higher rib intercalated between every three or four finer ribs, while the ribs

of E. havarica are all equally strong. The variation in the strength and number of the ribs

in species of Eoorihis is often so great that it may be that the form mentioned by Pompeckj
[1896a, p. 4] will prove to be only a variation of Eoorthis havarica.

From the description and illustration, I think tliis species should be referred to Eoorthis.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (303c [Barrande,

1868a, p. 99]) suburbs of Hof; and (303f [Pompeckj, 1896a, pp. 7 and 8]) railway cut near Schellenberg, a little dis-

tance back of the railway station at Neuhof, near Hof; both in Bavaria, Germany.

Eoorthis christiani^ (Kjerulf).

Plate XCV,-figm-es 1, la-h.

Orthis christianix Kjerulf, 1865, Veiviser ved Geologiske Excursioner i Christiania Omegn, p. 1 and figs. 8a-c, p. 3.

(Locality given in Norwegian.)

Orthis christianix Kjerulf, Brogger (in part), 1882, Die silurischen Etagen 2 und 3, p. 48, PI. X, figs. 14a-c. (Men-

tions specimens from both the Ceratopyge slate and Ceratopyge limestone and thus probably includes the two

species, Eoorthis christianix and E. daunus. See below.)

Orthis (Plectorthis) christianix (Kjerulf), Waloott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 260-261. (Discussed

somewhat as below.)

Orthis (Plectorthis) christianix (Kjerulf), Mobbrg and Segerberg (in part), 1906, Medd. fran Lunds Geol. Faltklubb,

Ser. B, No. 2 (Aftryck ur K. Fysiografiska Sallskapets Handl., N. F., Bd. 17), p. 69, PL II, figs. 1, la-h; PL
III, figs. 12 and 13. (Described and discussed in Swedish. Includes Eoorthis daunus and E. tullbergi. Figs.

1, la-h, in common with the remaining figures on PL II of Moberg and Segerberg's paper, were copied from a

preliminary photograph of PL XCV of this monograph.)

The general form and character of this shell as it occurs in the shales are shown by the

figures illustrating it. It appears to differ from any described species in the peculiarity of the

bifurcation of the radiating ribs. In all the species I have referred to Eoorthis the increase

in the number of ribs is by interpolation and not by true bifurcation. In E. christianise the

increase is by both methods, as shown by figures la, lb, and Ig. The reference to Eoorthis

is somewhat doubtful, as there are not sufRcient data to base a reference on the characters of

the interior, cardinal areas, or convexity of the valves.

I have received a large number of specimens from Norway and Sweden labeled "Orthis

christianix." After a study of all the available material only the shells from the argillaceous

shale of Russelokken and Toien, Norway, and of Oeland Island, Sweden, appear to belong to

the species. The shells in the Ceratopyge limestone (Eoorthis daunus) have ribs that increase

in number by interpolation of ribs in the interspaces between the older ribs, and a second

species {E. wimani), that occurs in both the shale and the limestone, has simple ribs with few
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interpolated beyond the umbo. Another transverse form has sunple strong ribs that increase

in number by the interpolation of a few new ribs.

Brogger's illustrations of this species [1882, PL X, figs. 14a-c] suggest E. daunus more

than the typical form of E. christianise, as I understand and interpret it. "OrtJiis parva"

Dahnan (PI. XCVI, figs. 6, 6a-g) has sometimes been referred to E. christianise.

Gagel [1890, p. 34] described the form usually found in the limestone, stating that the

surface is covered with strong, dichotomous ribs. He found it in drift blocks of the Ceratopyge

limestone near Belschwitz, East Prussia; and of glauconitic limestone near Prussian Holland,

and near Wehlau, East Prussia, Germany.

Eoemer [1885, p. 36] calls attention in his description of the drift in the North German

plain to the fact that Remele [1885, pp. 695-698] was the first to identify with certainty blocks

of the Ceratoptjge limestone of Sweden in the drift of Germany, the presence of a form like E.

christianise being part of the evidence. This shell is probably E. daunus. Eoemer [1885,

p. 36] states in description of the Ceratopyge limestone that a small "Orthis if Orthis christianise

Kjeruh)" predominates.

The specific name is derived from Christiania, Norway.

Formation and locality.—Tipper Cambrian: (323x) Ceratopyge slate, at Russelohhen; and (323y) Ceratopyge

slate at Toien; both near Christiania, Norway.

(310d.) Ceratopyge slate, at Borgholm, Oeland Island, Sweden.

(309e) Shales of the Acerocare zone at Akarpsmolla, midway between K^gerod and Rost&nga, Province of Mal-

mohus, Sweden.

y EOOBTHIS DAUNUS (Walcott).

Plate XCV, figures 2, 2a-c.

Orthis sp. Remele, 1881, Zeitschr. Deutsch. geol. GeselL, Bd. 33, p. 696. (Characterized and compared in German.)

Orthis christianix Brogger (in part) [not Kjbrulf], 1882, Die silurischen Etagen 2 und 3, p. 48, PI. X, figs. 14a-c.

(Mentions specimens from both the Ceratopyge slate and Ceratopyge limestone and thus probably includes the

two species, Eoorthis christianix and E. daunus.)

Orthis christianix Roemek [not Kjerulf], 1885, Paleontologische Abhandlungen von Dames und Kayser, Bd. 2, Hft. 5,

pp. 36, 37, and 38. (Mentioned in German, in review of literature.)

Orthis christianix Remele [not Kjerulf], 1885, Katalog der beim intern. Geologen-Congress zu Berlin ausgestellten

Geschiebesaromlung, p. 6. (Locality mentioned.)

Orthis christianix Gagel [not Kjerulf], 1890, Beitr. zur Naturkunde Preuasens, von Physikal.-oekonom. Gesell.

Konigsberg, No. 6, pp. 10 and 34, PI. II, figs. 22a-b. (Described and new localities mentioned in German.)

Orthis christianix Pompeckj [not Kjerulf], 1902, Neues Jahrb. fiir Mineralogie, Bd. 1, p. 7. (Occurrence mentioned,

in German.)

Orthis (Plectorthis) daunus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 261. (Characterized as a new species.)

Orthis {Plectorthis) daunus Walcott, Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B, No. 2

(Aftryck ur K. Fysiografiska Sallskapets HandL, N. F., Bd. 17), p. 69, PI. II, figs. 2, 2a-c. (Characterized in

Swedish. Figs. 2, 2a-c, in common with the remaining figures on PI. II of Moberg and Segerberg's paper, were

copied from a preliminary photograph of PL XCV of this monograph.)

The illustrations show the principal characters of this species. It differs from Eoorthis

christianise in having sunple ribs that increase in number toward the front and lateral margins

of the shell by interpolation of new ribs; no true bifurcation of the ribs was observed. A strong

median sinus occurs on specimens of the dorsal valve in both shale and limestone. The shell

is fibrous and impunctate. No traces have been seen of the fine, rounded, radiating stride that

occur on the broader ribs and interspaces of E. christianise. This species differs from E. wimani

in its more transverse form and less simple ribbing of the shell.

Moberg and Segerberg [1906, pp. 69-70] regard this form as one of the variations of E.

christianix. This may be a correct view, but I am not prepared, after a careful study of the

material before me, to accept it. To support such an interpretation we should find, in a very

full series of E. christianise from the same bed or matrix, the gradations or varieties that I have

named tuUbergi and daunus.

Formation and locality.—Passage beds between the Upper Cambrian and Ordovician: (386) Drift

blocks of Ceratopyge limestone near Belschwitz; (386a) drift blocks of "Glauconite limestone" near Prussian Holland,
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90 miles (145 km.) south-southwest of Konigsberg; and (386b) drift blocks of "Glauconite limestone" near Wehlau,

30 miles (48 km.) east of Konigsberg; all [Gagel, 1890, p. 34] in East Prussia, Germany.

(323z) Ceratopyge limestone at Toien, near Christiania; and (8x) Ceratopyge limestone at Slemmestad, about 3 miles

(4.83 km.) southwest of Christiania; both in Norway.

(323h) Blue Ceratopyge limestone at Vestfossen; and (323f) lower part of tbe Ceratopyge liinestone at Vestfossen;

both [Brogger, 1882, p. 17] 10 miles (16.1 km.) west-southwest of Christiania, Norway.

(310j) Ceratopyge limestone at Borgholm; and (310 [Moberg and Segerberg, 1906, description of PI. Ill]) Ceratopyge

limestone (zone 4) at Ottenby; both on Oeland Island, Sweden.

EooRTiiis DESMOPLExiRA (Meek).

Plate XCVI, figures 1, la-r.

Not Orthis coloradoensis Shumaed, 1860, Trans. Acad. Sci. St. Louis for 1856-1860, vol. 1, p. 627. (Referred in this

monograph to Bittingsella.)

Orthis coloradoensis Meek [not Shumard], 1870, Proc. Am. Philos. See, vol. 11, No. 84, p. 425. (Described as a new
species.)

Orthis desmopleura Meek, 1872, U. S. Geol. and Geog. Terr., Geol. Survey Wyoming, Prelim. Kept., p. 295. (Merely

proposed as a new specific name, coloradoensis being preoccupied.)

Orthis {Plectorthis) desmopleura (Meek), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 261. (Characterized.)

This shell has the general form and external characters of E. wichitaensis (Walcott) . It

differs in being less convex and in the details of the radiating ribs. The illustrations of the

two species will serve as a basis of comparison. Eoorthis desmopleura differs from E. remnicJia

(N. H. Winchell) in its uniformly smaller size, less convexity, and in thedetaUs of the radiating

ribs. The ribs have a wide range of variation, but when from the same character of matrix they

are all of the same type and the shells grade from one to the other. The ventral valves of

young shells 2 to 3 mm. long are highly convex and usually appear to be a little longer than wide
;

if in such shells the surface striae are in sharply elevated fasciculse, the result is to all appearances

a rhynchoneUoid shell.

The interior of the ventral valve shows a narrow area, broad delthyrium, spondylium
almost free from the bottom of the valve, and a median septum that may have supported the

front end of the spondyUum. In young and strongly convex shells the spondylium is narrow
and very strongly defined. The narrow area of the dorsal valve is divided by a broad delthy-

rium, in the center of which is a very slightly developed cardinal process.

The Wyoming variety of this species occurs in abundance in the Bighorn Mountains.

The specimens illustrated on Plate XCVI show the characteristic features of the species as it

occurs in Colorado, and also some phases of it not observed there. The typical form is

illustrated by figure Ih. For the variety the name of E. desmofleura nympha is used (PI.

XCVI, fig. 2).

Eoorthis Tiamiurgensis (Walcott) [1884b, p. 73] is closely related to E. desmopleura smd may
be identical with it. Eoorthis melita (HaU and Whitfield) [see Leptsena melita HaU and Whit-
field, 1877, p. 208] from the Pogonip Lower Ordovician limestone is near to the less convex,

more evenly striated forms of E. desmopleura. It is probably not more than a variety of the

latter. Schuchert's reference of the species L. melita to Dalmanella [1897, p. 202] does not

appear to be correct, as it has the pseudodeltidium of Eoorthis.

Formation and locality.—Lower Ordovician: (360f) Siliceous liinestone at Glen Eyre, Queens Canyon, north-

east of Manitou; (360a) red siliceous limestone on west side of Trout Creek below Bergen Park, 7 miles (11.2 km.)
north-northwest of Manitou; (186 and 186a) near line of contact between red and gray Ordovician limestone, in

siliceous red limestone about 30 feet (9.1 m.) above. the pre-Cambrian rocks, Williams Canyon, Manitou; (187) red

siliceous limestone 105 to 122 feet (32 to 36.7 m.) above the pre-Cambrian rocks, 2 miles (3.2 km.) below Manitou Park
Hotel; and (360) red siliceous limestone near Colorado Springs; all in El Paso County, Colorado.

(105t) Limestone [Walcott, 1908f, p. 173] at the summit of Notch Peak, House Range, Millard County, Utah.
(185z) Limestones at the base of the Lower Ordovician [Walcott, 190Sf, p. 191] in Blacksmith Fork Canyon, about

9 miles (14.4 km.) east of Hyrum, Cache County, Utah.

Passage heds between the Upper Cambrian and the Ordovician: (34g) Limestone about 1,000 feet (305 m.) above
the valley on the east side of the Fish Spring Range, just west of the high point southwest of the J. J. Thomas ranch,

Tooele County, Utah.
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Upper Cambrian: (30w) Drift bowlder 6i limestone supposed to have come from la of the Notch Peak limestone

on Notch Peak [Waleott, 1908f, p. 175], found about 2 miles (3.2 km.) south of Marjum Pass, House Range [Walcott,

1908f, PL XIII], Millard County; (331) limestones in pass between the Pavant Mountains and the Canyon Range, a

few hundred yards east of the divide, on the road between Holden and Scipio, Millard County; and (54r) drift pieces

of limestone from the west slope of the Wasatch Range, east of the Lakeview ranch, about 5 miles (8 km.) north of

Brigham, Boxelder County; all in Utah.

(54b) About 1,200 feet (365.8 m.) above the Middle Cambrian and 25 feet (7.6 m.) below the top of the Upper Cam-

brian in the upper part of the limestone forming 1 of the St. Charles formation [Walcott, 1908f, p. 191]; (54c) about

1,100 feet (335.3 m.) above the Middle Cambrian and 120 feet (36.6 m.) below the top of the Upper Cambrian, in the

central part of the limestone forming 1 of the St. Charles formation [Walcott, 1908f, p. 192]; and (54d) about 1,050 feet

(320 m.) above the Middle Cambrian and 175 feet (53.3 m.) below the top of the Upper Cambrian in the lower part

of the limestone forming 1 of the St. Charles formation [Walcott, 190Sf, p. 192]; all in Blacksmith Fork Canyon, about

10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

(158) Limestones north of East Gallatin River, near Hillsdale; and (3401j) limestone at the mouth of Fourmile

Creek; both in the Threeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

(327) Arenaceous limestone east of Gold Camp, in the Caballos Mountains, New Mexico.

(14k) Limestone on Wolf Creek, 15 miles (24.2 km.) west-southwest of Sheridan, Bighorn Mountains; and (168)

limestone on north side of Tepee Creek, beside the road from Sheridan to Dome Lake, Bighorn Mountains; both in

Sheridan County, Wyoming.

(346b) Conococheague limestone, 2.75 miles (4.4 km.) south of Mercersburg, Franklin County, Pennsylvania.

Specimens tliat are somewhat doubtfully referred to this species occur at the following

locaUties

:

Upper Cambrian.: (152) Limestone on ridge between Churn and Cottonwood Canyons, west side of Bridger Range;

and (154) limestone in hill on west side of Dry Creek, opposite mouth of Pass Creek, about 5 miles (8 km.) north of

Hillsdale, Threeforks quadrangle (U. S. Geol. Survey); both in Gallatin County, Montana.

Upper? Cambrian: (306) Sandy limestone on Gravel River, eastern slope of the Rocky Mountains, in the

Mackenzie River basin, British Columbia.

EOORTHIS DESMOPLEUEA NYMPHA (Walcott).

Plate XCVI, figure.2.

Orthis (Plectorthis) desmopleura nympha Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 262. (Characterized as below

as a new variety.)

This variety is based on strongly convex ventral valves in which the surface is marked by

fine radiating striae, separated into bands of 3 to 6 striae by stronger and more elevated strise.

Some shells show concentric lines and often ridges of growth that give an imbricated appear-

ance to the portion of the surface beyond the umbo.

Formation and locality.—Lower Ordovician: (186) Near line of contact between red and gray Ordovician

limestone, in red siliceous limestone about 30 feet (9.1 m.) above the pre-Cambrian rocks, Williams Canyon, Manitou,

El Paso County, Colorado.

Upper Cambrian: (168) Limestone on north side of Tepee Creeh, near the roadfrom. Sheridan to Dome LaJce, Bighorn

Mountains, northern Wyoming.

EOORTHIS ? DIABLO (Walcott) .

Plate XCIII, figure 3.

Orthis (Plectorthis) diablo Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 262. (Described as below as a new species.)

This species is founded on a small, transverse shell that is marked by a few prominent

radiating costse that extend from the umbo to the margin of the shell. In the cast the costse

have a sharp summit and slope evenly to a narrow space between them.

A ventral valve 9 mm. in height has a width of 14 mm., which is about the average propor-

tion of the specimens in the collection. The casts of the ventral valve show a rather low area

divided by a delthyrium, the inner angles of which have a rather strong tooth. The dental

plates extend backward farther than in most species of the genus, becoming attached to the

bottom of the valve only near the teeth, and not extending forward as in EoortJiis remnicha to

form a pseudospondylium. None of the specimens in the half dozen shells in the collection
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show the muscular or vascular markings. There may or may not be a mesial depression on

either valve. The reference of this species to Eoorthis is made with much reservation.

Formation and locality.—Upper Cambrian : (81b) "Si. Croix sandstone," near Devils Lake, Sauh County; and

(83) "St. Oroix sandstone," near Trempealeau, Trempealeau County; both in Wisconsin.

EooHTHis DOEis (Walcott)

.

Plate XCVII, figures 13, 13a.

Orthis (Plectorthis) doris Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 262-263. (Described and discussed as below

as a new species.)

Of this species a ventral and dorsal valve occur in the collection. General form rounded

subquadrangular. Ventral valve strongly convex, with the greatest height at the umbo, from

which the beak arches over a high backward-inclining area. Dorsal valve much like the ventral

in form except that it is less convex and less elevated at the area.

Surface of both valves with numerous radiating ribs that have an angular summit and an

angular depression between them. The ribs increase in number toward the front by interpola-

tion. The ventral valve has a length of 7 mm.; width, 8 mm. The dorsal valve is a little

shorter than the ventral.

Observations.—This shell is not unlike Eoorthis indianola in form and surface characters.

It differs in being more convex and in the absence of a sinus or median fold on either valve.

Formation and locality.—Upper Cambrian: (C64) Upper limestone member of the Kiulung group [Black-

welder, 1907a, pp. 37 and 42 (first list of fossils), and fig. 10 (bed 20), p. 38], 2.7 miles (4.3 km.) southwest of Yen-

chuang, Sintai district, Shantung, China.

Eoorthis hastingsensis (Walcott).

Plate XCIV, figures 3, 3a-c.

Orthis (Plectorthis) hastingsensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 263. (Described and discussed

as below as a new species.)

Shell transversely subelliptical. Surface with numerous strong, rounded, radiating ribs

increasing in number by interpolation; the ribs appear to be broader and with narrower inter-

spaces on the ventral valve; concentric ridges and fine striae of g^o^vth are a marked feature

of the surface. A ventral valve 4 mm. in length has a width of 6 mm. ; a dorsal valve 6 mm.
long is 10 mm. in width.

Ventral valve strongly convex, most elevated on the umbo, and without mesial fold; apex
incurved slightly over the delthyrium; area well defined, and divided midway by a large

delthyrium; it is inclined but little from the vertical.

Dorsal valve slightly convex in young shells, and becoming more so as they increase in

size; area low and inclined backward over the hinge line.

Observations.—This species is unlike other described forms in the character of its ribs,

with the exception of Eoorthis johannensis, which it resembles very closely. Matthew [1892,

p. 49] describes the latter species as having a very thin shell, and it is found in the Upper Cam-
brian at St. John. No interior features have been seen. Matthew [1897b, p. 170] mentions

having found fragments of Protorthis ox Orthis in the phosphate nodules at Hastings Cove, too

imperfect for description.

The species derives its specific name from its occurrence at Hastings Cove.

Formation and locality.—Middle Cambrian : (8 1 and 2m) » Limestone and superjacent shale at the base of the

Paradoxides zone [Matthew, lS95a, p. lOS], on Hanford Brook, St. John County; and (2s) limestone in upper part of

Paradoxides zone, Hastings Cove [Matthew, 1898b, p. 38], on Kennebecasis Bay, 0.5 mile (0.8 km.) northeast of Torry-

burn, on the Intercolonial Railway northeast of St. John, St. John County; all in New Brunswick.

o 21 is the type locality.
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^ EOOETHIS IDDINGSI (Walcott).

Plate XCI, figures 3, 3a-b.

Orthisf remnicha Walcott (in part) [not N. H. WiNCHEif.], 1899, Mon. U. S. Geol. Survey^ vol. 32, pt. 2, pp. 451-452,

PL LXII, figs, la and lb (not PL LXI, figs. 3 and 3a, or PL LXII, figs. 1, Ic, and Id). (Specimens now referred

to Eoorthis iddingsi were included with E. remnicha when this description was written, two being figured, PL
LXII, figs, la and lb. The specimens represented by these two figures are redrawn in this monograph, PL
XCII, figs. 3 and 3a, respectively. The specimens represented by PL LXI, figs. 3 and 3a, and PL LXII, figs.

1, Ic, and Id belong with EoortkU reinnicha.)

Orthis (Plectorthis) iddingsi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 264. (Characterized as below as a new
species.)

General form and convexity mucli like that of some varieties of Eoorthis indianola. Its

surface characters also approach those of the more regularly ribbed shells of the latter species.

The principal difference between the two species is the less convexity, lower umbo, and lower

area of E. iddingsi. The interior of the ventral valve shows a short, well-defined umbonal

cavity with a strong vascular sinus on each side of it that extends well forward into the valve.

The specific name is given in honor of Prof. Joseph P. Iddings.

Formation and locality.—Upper Cambrian: (302c) Shaly limestone on the south side of the Gallatin Valley, Yellow-

stone National Park, Wyoming; and (302d) limestone 200 yards (183 m.) north of the southwest corner sec. 18, T. 28

N., R. 113 W., Uinta County; both in Wyoming.

(71) Limestone in Cold Creek Canyon, Burnet County, Texas.

EOOETHIS INDIANOLA (Walcott)

.

Plate XCIV, figures It, lu, 2, 2a-h.

Orthis (Plectorthis) indianola Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 264-265. (Described and discussed

essentially as below, as a new species.)

Pectorthis indianola (Walcott), Grabau and Shimer, 1907, North American Index Fossils, vol. 1, pp. 251-252.

(Described.)

Shell small, transverse, with the cardinal extremities rounded, angular, and in some speci-

mens almost alate. Valves moderately convex, the ventral nearly twice as much so as the

dorsal; the length of the hinge line varies from slightly less than the greatest width of the

shell to one-fifth greater than the width of the shell across the center, in shells with extended

cardinal extremities.

The ventral valve may or may not have a mesial depression. In some examples the

depression is broad and rounded, and in others it is shallow \N\t\\ stronger ribs at each margin;

umbo somewhat elevated, and curving over toward the hinge line, beyond which it projects,

terminating in a small, incinved beak; dorsal valve considerably less convex than the ventral;

beak small and projecting slightly over the hinge line. The median sinus in the dorsal valve

varies from a broad, shallow depression to a narrow, rather deep, furrow, that gives a bilobed

appearance to the valve (PI. XCIV, fig. 2f)

.

The strength and arrangement of the strong and minor radiating elevated ribs and striae

are quite variable. On some shells the ribs or striae are very fine, of nearly equal size, and

separated by grooves of about the same width (PI. XCIV, figs. 2f, 2g, and 2h). In other

examples every third or more widely separated rib is stronger and elevated above a more

or less broad interspace, marked by fine ribs or costse (PI. XCIV, fig. 2). A few of the varia-

tions in surface are illustrated.

Almost nothing is Icnown of the interior of the valves. Below the umbo in a few speci-

mens there is a well-marked pseudospondylium that is much like that of E. remnicha. The

area of the ventral valve is inclined at an angle of about 65° to the plane of the margin of the

valve; it is rather low and broken midway by a strong delthyrium. The area of the dorsal

valve is low and inclined weU out over the hinge line.

Observations.—Eoorthis indianola is almost as variable in its form and surface markings

as E. wichitaensis, with which it is associated at a number of localities. It differs from the latter

in its bilobed dorsal valve, more strongly incurved umbo and apex of the ventral valve, and
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the general appearance of convexity and rotundity of the ventral valve. This may be seen

by comparing the shells marked W=E. wichitaensis with those marked X= S. indianola in

Plate XCIV, figure lu, which represents- a fragment of limestone in which the two species are

associated. Wlien the specimens of the two species are imperfect or the young shells of E.

wicMtaensis occur in association with the shells of E. ind,ianola it is difficult to determine

positively to which species they belong.

The specific name is derived from Indian Territory (now Oklahoma), in which the type

specimen was found.

Formation and locality.—Upper Cambrian: (369) Sandstones at the base of the Elvins formation, in the eastern

limits of the town of Flat River, St. Francois County; and (369b) limestone near Potosi, Washington County; both in

Missouri.

(9t) About 170 feet (52 m.) above the porphjrry contact in the limestones of the Reagan sandstone; and (9u)

about 195 feet (59.4 m.) above the porphyry contact in the limestones of the Reagan sandstone; both in the SE. \
NE. i sec. 2, T. 4 N., R. 13 W., about 15 miles (24.2 km.) northwest of Fort Sill, Comanche County, Oklahoma.

(9w) About 100 feet (30.5 m.) below the Arbuckle limestone, in the limestones of the Reagan sandstone, SW. \
eec. 17, T. 4 N., R. 12 W., about 11 miles (17.6 km.) northwest of Fort Sill, Comanche County, Oklahoma.

(12k) Limestones of the Reagan sandstone {in the section 7 miles {11.2 hm.) north of Springer this horizon is about

225feet {69 m.) above the porphyry contact and 65 feet {17 m.) below the Arbuckle limestone), on the west side of Honey
Creek, near the southeast corner of sec. 35, T. 1 S., R. IE., Ardmore quadrangle { U. S. Geol. Survey), Carter County;

(12n) limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is

about 240 feet (73 m.) above the porphjrry contact and 40 feet (12 m.) below the Arbuckle limestone), NW. J sec. 1,

T. 2 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Siu-vey), Carter County; and (13p) about 225- feet (69 m.) above
the igneous rocks in the limestones of the Reagan sandstone, at the northwest extremity of the Arbuckle Mountains,

about 4 miles (6.4 km.) east of Homer, Carter County; all in Oklahoma.
(14b) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2

km.) south of the San Saba County line, in Llano County; and (71) limestone in Cold Creek Canyon, Burnet County;
all in Texas.

Specimens that are doubtfully referred to this species occur at the following locality:

Upper Cambrian : (68) Limestone on Packsaddle Mountain, Llano County, Texaa

EooETHis joHANNENSis (Matthew).

Plate XCVII, figures 10, 10a.

Orthisina{f) johannensis Matthew, 1892, Trans. Roy. Soc. Canada for 1891, 1st ser., vol. 9, sec. 4, No. 5, pp. 49-50,

PI. XII, figs. 13a-c. (Described and discussed as a new species; see below for copy. The specimens repre-

sented by figs. 13a-c are redrawn in this monograph, PI. XCVII, figs. 10 and 10a, respectively.)

Orthis {Plectorthis) johannensis (Matthew), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 265-266. (Original

description copied and species discussed as below.)

The original description by Matthew follows

:

Shell subquadrate, doubly convex, rather flat, very thin.

Dorsal valve depressed at the sides and front, and having a broad, shallow median sinus. The valve is about
one-quarter wider than long, and the hinge line is nearly as long as the length of the shell. Umbo slightly elevated,

hinge plate weak and thin.

Ventral valve depressed at the sides, and having a few median ridges running from the umbo to the front of the

shell. This valve is somewhat geniculated at two-fifths of its length from the umbo, and from the bend faintly raised

ridges diverge to the anterior angles of the shell ; behind the geniculation the surface of the shell is marked by faint

undulations similar to those of Strophomena rhomboidalis.

The umbo is not prominent, but the back of the valve is regularly curved and the area rather low.

Closely set striae radiating from the umbo and faint concentric striae mark the shell.

Length of the ventral valve, 9 mm.; width, 10 mm. Length of dorsal, 8 mm.; width, 10 mm.
This species has a low umbo for an Orthisina, and in its form recalls the genus Strophomena, as also do the con-

centric undulations that are found on the back of the ventral valve. The dorsal valve, however, is convex, and the

area of this and the ventral valve too high for a Strophomena. It does not appear to agree with any described species

of Orthisina. It resembles 0. orientalis White somewhat in form, but is not so long nor so wide at the hinge. From
0. pepina Hall it differs in its lower umbo and area, shorter hinge, and smoother surface. It approaches more closely

to the form from the Potsdam sandstone of the West, figured by Hall [1863, PL VI, fig. 22], but not named, except

as
'

' Strophomena or Strophodonta.
'

'

Doctor Matthew very kindly sent me the types of tliis species. There is little that can

be added to his very complete description, but I had two enlarged drawings made to illustrate
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the character of the surface more fully than the illustrations given oy Matthew [1892, PL XII,

figs. 13a-c]. As far as known, the characters of the shell are those of the group of species

referred to Eoorthis.

Formation and localitt.—TJpper Cambrian: (308b [Matthew, 1892, p. 49]) Limestone lentiles in black shales

of Division C3a of Matthew's section, Germaine Street, St. John, St. John County, New Brunswick.

Eoorthis katseei (Walcott).

Plate XCVII, figures 6, 6a-b.

Orthis (Plectorthis) hayseri Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 266. (Characterized as below as a new

species.)

This is a larger shell than Eoorthis linnarssoni (Kayser), with which it is associated. Its

surface is marked by numerous fine radiating strise, four or five in a distance of 1 millimeter,

and the inner layers of the shell appear to be minutely punctate. The ventral valve is more

convex than the dorsal, the latter being nearly flat in young shells. Nothing is known of-

the interior, except one cast of the pseudospondylium of the dorsal valve, which is larger in

proportion than that of E. linnarssoni.

The largest ventral valve has a length of 14 mm.; width, 20 mm.
This species belongs in the group of Eoorthis represented by E. desmopleura (Meek) and

E. linnarssoni (Kayser).

The specific name was given in honor of Dr. E. Kayser.

FoEMATiON AND LOCALITY.—Upper Cambrian: (C64:) Upper limestone member of the Kiulung group [Blachwelder,

1907a, pp. 37 and 42 (first list of fossils), and fig. 10 {bed 20), p. 38], 2.7 miles (4.3 km.) southwest of Yenchuang, Sintai

district, Shantung; (C68) upper part of the Chaumitien limestone [Blackwelder, 1907a, p. 36 (part of third list of

fossils)], at Chaumitien, Changhia district, Shantung; and (C74) a dense blue dolomitic limestone at the top of

the Kic'hou limestones [Willis and Blackwelder, 1907, pp. 139 and 145 (5th list of fossils)], 4 mUes (6.4 km.) east of

Fanglanchon, Shansi; all in China.

Eoorthis kichouensis (Walcott).

Plate LXXXIX, figure 5.

Orthis (Plectorthis) kichouensis Walcott, 1906, Proc. U. S. Nat. Mus., vol. 30, p. 570. (Described as below as a new

species.)

This species is represented by one specimen of the dorsal valve. The outline of the shell

is transversely rounded subquadrilateral; length, 9 mm.; width, 13 mm.; the highest point

above the plane of the margin is about 3 mm. ; the shallow median sinus, which begins at the

umbo above the hinge line, gradually widens toward the front margin; the umbo curves over

beyond the hinge line and then under to the beak, which apparently is at or a little over the

upper edge of a very narrow area.

Surface marked by numerous radiating, rounded ribs, with narrow interspaces, 7 ribs in a

distance of 45 mm.; a few bifurcations of the ribs occur at irregular intervals between the

apex and the margins. There are no traces of concentric stri^; if on the shell originally, they

have been removed by the wearing off of the outer surface.

Ohservations.—This species is distinguished from all other species by the strong, incurved

umbo and rounded ribs with narrow interspaces.

The specific name was derived from the Kichou formation, in wliich the species occurs.

Formation and locality.—Middle Cambrian: (C75) Limestone near the base of Kichou formation [Willis and

Blackwelder, 1907, p. 143], 4.5 miles (7.2 km.) south of Wutaihien, Shansi, China.

Eoorthis linnarssoni (Kayser).

Plate XCVII, figures 5 and 5a.

Orthis linnarssoni Kayser, 1883, China, by Richthofen, vol. 4, p. 34, PI. Ill, fig. 1. (Described and discussed in

German as a new species, see p. 783 for translation. Fig. 1 is reproduced in this monograph, PI. XCVII, fig. 5a.)
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Orthis (Plectorthis) linnarssoni (Kayser), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 266. (Original description

copied and species discussed as below.)

The original description by Kayser follows:

Shell semielliptical in outline, broader than long, with hinge edge straight, corresponding to the greatest breadth

of the shell. Large (ventral) valve moderately convex. Small (dorsal) valve slightly arched, with a sinus which devel-

ops at the umbo and grows quite broad and deep toward the edge. Umbo of ventral valve small, area very low.

Surface of shell covered with rather sharp ribs, exceedingly variable in strength, separated by naiTow furrows. By
reason of repeated splitting, which begins close to the umbo, the ribs appear more like bundles of ribs. On the matrix

these bundles appear as broad, obtuse-angled folds, which, owing to repeated marginal splitting in even a higher

degree than on the shell itself, appear as bundles of ribs of very unlike strength. 'When the surface is well preserved,

a delicate concentric growth striation is perceptible.

Kayser [1883, p. 35] compares this shell with "Orthis liiclisi" Salter and "0. exporrecta"

Linnarsson, on account of the surface characters. It does not appear to be very closely related

to either species, but it is in many respects allied to Eoorthis desmopleura (Meek) and E.

mchitaensis (Walcott).

The specific name is given in honor of Dr. J. G. O. Linnarsson.

Formation and locality.—Upper Cambrian: (C64) Upper limestone member of the Kiulung group [Black-

welder, 1907a, pp. 37 and 42 (first list of fossils), and fig. 10 (bed 20), p. 38], 2.7 miles (4.3 km.) southwest of Yenchuang,
Sintai district; and (C67) stream gravels used in making the railroad grade 0.33 mile (0.5 km.) west of the west

city gate at Tsinan; both in Shantung, China.

(332a) [Kayser, 1883, p. 34] Taling, Liaotung, China.

>-' Eoorthis newberryi Walcott.

Text figures 69A-D.

Eoorthis neivherryi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 105, PL X, figs. 6 and 6a. (Described

and discussed as below as a new species. Figs. 6 and 6a are copied in this monograph as figs. 69B and 69D.)

Shell transversely subelliptical, with the cardinal extremities obtusely angular; valves

moderately convex, with the hinge line a little shorter than the greatest width of the valves.

The only ventral valve in the collection show-

ing a mesial fold (fig. 69A) is a small exfoli-

ated shell that is somewhat doubtfully referred

to the species. Two large valves, one of which
is illustrated by figure 69B, have the posterior

margin extended beyond the hinge line, with a

short incurved beak; a broad, shallow median
sinus begins in front of the umbo and widens

to nearly one-third of the width of the valve

at the frontal margin. On a shell 5 mm. in

length the sinus is very shallow; area un-

known. The dorsal valve is almost uniformly

convex and without a mesial sinus or fold ; the

front margin arches upward a little to provide

for the extension of the margin of the ventral

valve caused by its broad median sinus; beak

minute and marginal; area unknown. .

Surface marked by concentric lines and

ridges of growth and small, rounded, radiating

ribs, with two or three smaller ribs between

each two larger ridges. The shell structure is

fibrous and impunctate as far as can be de-

termined from the material available for study. The largest ventral valve has a length of 14

mm.; width, 18 mm. A dorsal valve 15 mm. in length has a width of 18 mm.
Observations.—In form this species resembles some species of Eoorthis remnicha (Winchell)

(Pis. XCI, XCII), but in surface characters it is quite unlike any of them.

Figure 69.

—

Eoorthis newberryi Walcott. A, Partly exfoliated ventral

valve (U. S. Nat. Mus. Cat. No. 52350a). B, Ventral valve, the type

specimen, preserving some of the surface characters (U. S. Nat.

Mus. Cat. No. S'lSSOWf"- C,.Small exfoliated ventral valve (U. S.

Nat. Mus. Cat. No. 52350b)..1 D, Partly exfoliated dorsal valve (U. S.

Nat. Mus. Cat. No. 5235011). 6
The specimens represented are from Locality 54c, Upper Cambrian

limestone of the St. Charles formation, in Blacksmith Fork Canyon,

east of Hyrum, Cache County, Utah. Figures G9B and 69D are copied

from Walcott [1908d, PI. X, figs. 6 and 6aJ.
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The specific name is given in honor of Dr. J. S. Newberry.

Formation and locality.—TTpper Cambrian: (54c) About 1,100 feet {335.3 m.) above the Middle Cambrian and

120 feet (36.6 m.) below the top of the Upper Cambrian in the central part of the limestonesforming 1 of the St. Charles

formation [ Walcott, 190Sf, p. 192] ; and (54d) about 1,050 feet (320 m.) above the Middle Cambrian and 175 feet (53.3 m.)

below the top of the Upper Cambrian, in the lower part of the limestones forming 1 of the St. Charles formation [Wal-

cott, 1908f, p. 192]j both in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

EooETHis NEWTONENSis (Weller).

Plate XCVII, figures 9, 9a.

Orthis newtonensis Weller, 1903, Geol. Survey New Jersey, Kept. Paleontology, vol. 3, pp. 113-114, PI. I, figs. 3-5.

(Described and discussed as a new species.)

Orthis (Plectorthis) newtonensis (Weller), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 267. (Described and dis-

cussed as below.)

Tliis Httle shell occurs in the form of casts in a sandstone that is too coarse to preserve

the details of the outer surface. The cast of the interior shows fine, simple, radiating ribs

that increase by interpolation and that are coarser on the ventral than on the dorsal valve.

Ventral valve shghtly fiattened at the front; dorsal valve with a broad mesial sinus. The
shell appears to have been thin. The cast of the pseudospondyhum of the ventral valve

shows it to have been clearly defined; the area is low and not sharply defined from the curve

of the cardinal margin; it is nearly vertical to the plane of the margin of the valve. The cast

of the area beneath the umbo in the dorsal valve is more triangular and less transverse than

usual; unfortunately the material is too imperfect to determine any details.

Ohservations.—This species is the eastern representative in the Upper Cambrian of EoortJiis

indianola (Walcott) and E. iddingsi (Walcott). As far as can be determined by the material

available for comparison it is closely related to those species but it is not probable that they

are specifically identical.

The specific name is derived from Newton, New Jersey.

Formation and locality.—Upper Cambrian: (lie) Hardyston quartzite [Weller, 1900, pp. 10 and 12], O'Don-

nell and McManniman's quarry, Newton, Sussex County, New Jersey.

EOORTHIS PAGODA (Walcott).

Plate XCVII, figures 12, 12a-d.

Orthis (Plectorthis) pagoda Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 267-268. (Described and discussed as

- below as a new species.)

Shell transverse, subsemicircular; a ventral valve 11 mm. in length has a width of 15 mm.,

and a dorsal valve 8 mm. in length has a width of 13 mm.; hinge line a little shorter than the

greatest width of the shell; cardinal angles vary from 75° to 111°; valves moderately convex.

Cardinal area narrow in both valves and inclined backward from the hinge line. Surface marked

by .equidistant, narrow, low ribs, 3 in a space of 2 mm. near the front margm of a shell 10 mm.
long, with fiiie, radiating striae between them; the radiating ribs and striae are crossed by

fine, concentric striae, and lines of growth.

Ventral valve with a strong, somewhat angular, median fold rising from a well-defined

depression on each side of it, or it might be designated as a very strong rib rising above the

general surface of the valve from a broad, median depression; the lateral slopes are gently

convex. Dorsal valve Avith a strong, angular, median depression, beginning at the posterior

margin and gradually widening to the front; the sides of the depression rise above the general

surface of the valve, and form with the outer slope a well-defuied low ridge on each side that

extends a httle forward on the front margin to fit into the depressions on each side of the

median fold of the ventral valve.

The interior of a small dorsal valve has a broad, strong ridge corresponding to the depres-

sion on the exterior surface ; ai main vascular sinus starts on each side of the base of the median

ridge and arches outward and then forward about a depressed oval space on each side of the



BILLINGSELLID^. 785

ridge; lateral branches extend from the main sinus toward the sides; the impressions of the

anterior and posterior adductor muscle scars occm- on the slopes of the median ridge and the

oval depressions; somewhat obscure radiatmg liaes mark the anterior portions of the siarface.

Observations.—This shell is distinguished by its strongly marked median ridge on the

ventral valve and sinus on the dorsal valve. In general form and surface markings it is not

unhke 'Eoorthis desmopleura (Meek) and E. wichitaensis (Walcott).

The specific name is derived from Pagoda Hill, the type locality.

Formation and locality.—Upper Cambrian: (C56) Lower part of Chaumitien limestone, at Pagoda Hill [Black-

welder, 1907a, p. 4S (part of last list of fossils)], 1 mile (1.6 km.) west of Tsinan; and (C64) lower part of the

Chaumitien limestone [Blackwelder, 1907a, p. 42 (part of last list of fossils)], 0.66 mile (1.1 km.) west of Tsinan;

both in Shantung, China.

Eoorthis papias (Walcott).

Plate XCI, figure 4.

Orthis (Plectorthis) papias Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 268. (Characterized as below as a new
species.)

This species is fomaded to receive a form represented by two small dorsal valves from the

Paradoxides zone of Newfoundland. They are moderately convex, with a low area divided by
a broad delthjrrium; surface marked by numerous, rounded, depressed ribs, crossed by con-

centric striae and ridges of growth. Length of shell, 4 mm. ; width, 5 mm.

Formation and locality.—Middle Cambrian: (61) Shales near the top of No. 6 of the Manuels Brook section

[Walcott, 1891b, p. 261], east side of Manuels Brook, Conception Bay, Newfoundland.

Eoorthis primordialis (de Vemeuil and Barrande).

Plate XCVII, figures 1, la-d.

Orthis primordialis de Verneuil and Barrande, 1860, Bull. Soc. g6ol. France, 2d ser., vol. 17, pp. 532-533, PI.

VIII, figs. 6, 6a-d. (Described and discussed in French, as a new species; see below for translation. Figs. 6,

6a-d are reproduced in this monograph, PI. XCVII, figs. 1, la-d, respectively.)

Orthis primordialis de Verneuil and Barrande, Mallada, 1875, Bol. Com. Mapa Geologico Espana, tome 2, p. 31. (Men-

tioned in Spanish.)

The origmal description by de Verneuil and Barrande follows

:

Shell transverse, rounded on the sides, wider than long. Hinge ridge does not extend to lateral extremities and
measures hardly more than three-fourths of the total breadth of the shell. The two valves are of about the same thick-

ness. The ventral valve" is provided with an area hardly higher than that of the opposite valve, but it is distinguished

from it by a sinus which is almost as deep as that of the Spirifers, and which in front forma a very pronounced and
more or less sharp fold. Surface ornamented with strite, very dichotomous on the sides and almost simple in the sinus;

at a distance of 5 mm. from the beak, 7 striae are counted in a space of 5 mm.
Breadth, 16 mm.; length, 12 mm.; thickness, 7 mm.
By its deep sinus , this species is distinguished from most of its congeners and establishes a sort of passage between

the genera Orthis and Spirifer; however, the pronounced area observed on each of the two valves is a characteristic

which links it with the former rather than with the latter genus. Orthis species provided with sinuses are rather rare;

the principal ones are 0. sinuata Hall and 0. striatula Schl., which for that matter have no other analogy with our

species. It might perhaps be assimilated to 0. lynx, which also has two areas equally developed, but the latter species

will always be recognized by the small number and nondichotomous nature of its folds.

Observations.—This shell is more strongly developed in the sinus of the ventral valve and
the fold of the dorsal valve than any other species of Cambrian Eoorthis, with the possible excep-

tion of E. indianola (Walcott) of the IVIiddle and Upper Cambrian of the Wicliita Mountains of the

United States. The latter has a higher area on the ventral valve and the sinus is often shallow,

while the fold is usually absent.

Formation and locality.—Middle Cambrian; (350 [de Vemeuil and Barrande, 1860, p. 538]) Red limestone of

the Paradoxides zone, near Adrados, north of Sabero and Bofiar, Cantabrian Mountains, Province of Leon, north-

western Spain.

a Following here the e.\aniple of Owen and Davidson, we call ventral valve the larger of the two, the one which is provided with a large area,

and which formerly was called dorsal valve.

62667°—VOL 51, ft 1—12 50
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EooRTHis EEMNiCHA (N. H. Wiiichell)

.

Text figure 7, page 299; Plate XCI, figures 1, la-s; Plate XCII, figures 2, 2a-d, 3, 3a-e.

Orthis remnicha N. H. Winohell, 1886, Fourteenth Ann. Kept. Geol. and Nat. Hist. Survey Minnesota, pp. 317-318,

PL II, fig. 7. (Described and discussed as a new species.)

Orthisf remnicha Winohell, Walcott (in part), 1899, Mon, U. S. Geol. Survey, vol. 32, pt. 2, pp. 451^52, PI. LXI,

figs. 3 and 3a; PI. LXII, figs. 1, Ic-d (not figs, la and lb). (Described and discussed essentially as below. The

specimens represented by PI. LXI, figs. 3 and 3a, and PL LXII, figs. 1, Ic, and Id, are redrawn in this mono-

graph, PL XCII, figs. 2b, 2a, 2, 2d, and 2c, respectively. The specimens represented by PL LXII, figs, la and

lb, are now referred to Eoorthis iddingsi.)

Orthis (Plectorthis) remnicha (Winchell), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 268-269. (Described and

discussed essentially as below.)

Plectorthis remnicha (Winchell), Geabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 252. (Described.)

Shell of medium size, usually slightly transverse, with an oblong, oval outline for the

ventral valve, and a subquadrate to semicircular outline for the dorsal valve. Valves moder-

ately convex, with an almost straight hinge line that varies in length from nearly the greatest

width of the shell to two-thirds the greatest width; cardinal angles varying from 90° or less in

the extreme forms, with extremities somewhat angular, to the other extreme, where they are

very obtuse and have the appearance of being almost rounded, their angle being not less than

120°. Cardinal area narrow but well developed on each valve, and divided by a rather large

delthyrium.

The ventral valve has in some specimens a shallow mesial depression, and in some examples

it is flattened toward the cardinal angles; beak small and curving down toward the hinge line,

beyond which it projects slightly. Dorsal valve slightly less convex than the ventral; beak

small, scarcely projecting beyond the hinge line.

Surface marked by bifurcating, radiating costse, that vary in number on shells of similar

size from 16 in the space of 5 mm. to 3 in the same space; this variation is shown in the speci-

mens from Texas, Wisconsin, and Wyoming. As the shell grew the ribs increased in number by

interpolation and by bifurcation from the sides of the larger ribs. In well-preserved specimens

very fine, radiating, raised striae occur both on the costse and on the intervening depressions .

(PI. XCII, fig. 2c). These are shown on the casts of the shells from the "St. Croix sandstone

of Winfield, Wisconsin, and on the larger shells from the limestones of Oklahoma and the

Yellowstone National Park. A very perfectly preserved fragment of the outer shell covering

the umbo and apex of a ventral valve from the limestone of the Reagan sandstone, Oklahoma-

has sharp ribs of varying size extending to the worn apex; the ribs are crossed by very fine,

threadlike striae and a few stronger lines of growth.

The interior of the ventral valve shows a slightly raised tripartite pseudospondylium

beneath the umbo, which is the only trace of interior markings of this valve observed. The

interior of the dorsal valve has a slightly elevated area upon which occm-s a narrow, short

median septum; the crural plates are also well shown. In casts of the interior of shells from

the "St. Croix sandstone" of Wisconsin, the dental lamellae of the ventral valve are finely

shown, and in the dorsal valve the median septum and crural plates.

Observations.—The shell is one of the most variable that occurs in the Cambrian fauna.

Its range of variation in all of the widely separated localities in which it occurs is such that one

would scarcely hesitate, if in possession only of the extremes, to identify two well-marked species.

The variation is not only in the radiating costse, but also in the general form of the shell. This

variation is expressed in three varieties that receive names, and others might be designated if

more minute variations were given consideration.

There does not appear to be any system governing the number or size of the radiating ribs;

the variation on adult shells is equally great with that between young shells 3 to 4 mm. long

and adults. A series from Winfield, Wisconsin, representing Eoorthis remnicha winfieldensis,

is uniform in radial ribs and form from young shells 3 mm. long to the largest adults 23 mm.
long, and there are also shells that serve to unite the numerously and uniformly ribbed speci-

mens with the more variable Eoorthis remnicha.
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Some of the shells referred to E. remnicha (PI. XCI, figs. 1,1a, and le) suggest Platystrophia

in their form and radiating ribs.

Formation and locality.—TTpper Cambrian : (80a) "St. Croix sandstone," 4 miles (6.4 km.) north of Reedsbm-g,

Sauk County; (328q) "St. Croix sandstone" in quarry at Ableman, Sauk County; and (97a) "St. Croix sandstone,"

near Winfield, Jefferson County; all in Wisconsin.

(86a) "St. Croix sandstone," near Red Wing, Goodhue County, Minnesotafi

(153a and 154) Limestone on west side of Dry Creek, near the mouth of Pass Creek, about .5 miles (8 km. ) north of

Hillsdale, Threeforks quadrangle (U. S. Geol. Survey), Gallatin County; (302n) limestone on the south side of the

Gallatin Valley, Gallatin County; and (4r) just above the Middle Cambrian in the limestones of the Gallatin formation of

Peale [1893, PL IV], on ridge 8 miles (12.8 km.) east of Yellowstone River, and 3 miles (4.8 km.) north-northeast of

Mount Delano, Livingston quadrangle (U. S. Geol. Survey), Park County; both in Montana.

(168) Limestone on north side of Tepee Creek, beside the road from Sheridan to Dome Lake, Bighorn Mountains,

Sheridan County, Wyoming.
(12k) Limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is

about 225 feet (69 m.) above the porphyry contact and 55 feet (17 m.) below the Arbuckle limestone) on the west side

of Honey Creek, near the southeast corner of sec. 35, T. 1 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Survey),

Carter County; (12n) limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this

horizon is about 240 feet (73 m.) above the porphyry contact and 40 feet (12 m.) below the Arbuckle limestone),

NW, isec. 1, T. 2 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Survey), Carter County; and (12p) about 225 feet (69 m.)

above the igneous rocks in the limestones of the Reagan sandstone, at the northwest extremity of the Arbuckle Moun-
tains, about 4 miles (6.4 km.) east of Homer, Carter County; all in Oklahoma.

Middle Cambrian: (302b) Limestone near Crowfoot Ridge, Gallatin quadrangle (U. S. Geol. Survey), Yellowstone

National Park, Wyoming.

Specimens that are somewhat doubtfully referred to this species occur at the following

locality

:

Middle Cambrian: (3x) About 2,200 feet (670.6 m.) above the Lower Cambrian and 2,200 feet (670.6 m.) below the

Upper Cambrian in the limestone forming Id of the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east

of Antelope Springs, in ridge east of Wheeler Amphitheater [Walcott, 1908f, Pis. XIII and XV], House Range,

Millard County, Utah.

EOORTHIS REMNICHA SULCATA (Walcott).

\y
Plate XCII, figures 1, la-c.

Orthis (Plectorthis) remnicha sulcata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 269. (Characterized somewhat
as below as a new variety.)

Tliis variet}^ is founded on the strongly sulcate dorsal valve. The ventral valve shows
only a slight flattening of the median portion. Finlcelnburgia osceola (PI. XCIII) has a mesial

fold on the dorsal valve, but it is not so sharp.

Formation and locality.—TTpper Cambrian : (80a) "St. Croix sandstone," 4 miles (6.4 km..) north of Reedshurg,

Sauh County; and (97a) "St. Croix sandstone" near Winfield, Jefferson County; both in Wisconsin.

(339d) "St. Croix sandstone " at Taylors Falls, Chisago County ; and (97x) "St. Croix sandstone " at Reads Landing,

foot of Lake Pepin, Wabasha County; both in Minnesota.

EOORTHIS REMNICHA TEXANA (Walcott).

Plate XCII, figures 4, 4a-g.

Orthis (Plectorthis) remnicha texana Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 270. (Characterized as below as

a new variety.)

The rounded, subquadrate form and the arrangement of the radiating costse serve to

differentiate this variety. The costae vary considerably on different shells, but the tendency

of the larger number is toward the surface represented by Plate XCII, figures 4c-g. Fine

radiating striae, similar to those represented by Plate XCII, figure 2c, of Eoorihis remnicha

occur on the ribs and interspaces.

Formation and locality.—Upper Cambrian : (12m) Arbuckle limestone (in the section 7 miles (11.2 km.) north

of Springer this horizon is about 30 feet (9.1m.) above the Reagan sandstone), NE. \ sec. 2, T. 2 S., R. 1 E.; and (12n)

limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is about 240 feet

oN.n. Winchell [1S86, p. 317] gives the type locality as "St. Croix sandstone" in sewer excavation at the corner of Brush and Main
streets, Red Wing, Minnesota.
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(73 m.) above the porphyry contact and 40 feet (12 m.) below the Arbuckle limestone), NW. J sec. 1, T. 2 S., R. 1 E.;

both in the Ardmore quadrangle (U. S. Geol. Survey), Carter County, Oklahoma.

(153a) Limestone in ravine on west side of Dry Creek, near the mouth of Pass Creek, about 5 miles (8.1 km.) north

of Hillsdale, Threeforks quadrangle (U. S. Geol. Sm-vey), Gallatin County, Montana.

(14b) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2km.)

south of the San Saba County line, in Llano County; (68) interbedded sandstone and limestone, Packsaddle Mountain,

Llano County; and (71) limestone in Cold Creeh Canyon, Burnet County; all in Texas.

Specimens that are somewhat doubtfully referred to this variety occur at the following

locahties

:

Upper Cambrian : (lid) Arenaceous limestone about 2 miles (3.2 km.) north of Montana, in sec. 22, T. 35 N., R. IE.,

Iron County; and (11 1) arenaceous limestone of the Elvins formation, 50 feet (15.2 m.) above the "Edgewise beds," St.

Francois County; both in Missoiui.

EOOETHIS REMNICHA WINFIELDENSIS (WalcottJ.

Plate XCI, figures 2, 2a-e.

Orthis (Plectorthis) remnicha vAnfieldensis Walcott, 1905, Pror. U. S. Nat. Mus., vol. 28, p. 270. (Characterized as

below as a new variety.)

This variety is characterized by having finer and more uniform costse than any of the shells

referred to Eoorihis remnicha (N. H.WincheU). The costse increase by interpolation rather than

bifurcation in the true sense of the word. The shorter costse begin as very narrow, sharp

ridges, merging into the sides of the larger costsB below the summit of the latter, or they may
arise entirely on the interspaces between the costse. The pseudospondylium is less strongly

developed than in E. remnicha. The young shells are usually narrower at the hinge line than

the adult; but this feature is sometimes present in large shells (PL XCI, fig. 2c).

The varietal name is derived from Winfield, Wisconsin.

Formation and locality.—Tipper Cambrian: (97a) "St. Croix sandstone" near Winfield, Jefferson County; and

(99a) "St. Croix sandstone" near Pilot Knob, Adams County; both in Wisconsin.

A specimen which is somewhat doubtfully referred to this variety occurs in the following

locality

:

Upper Cambrian: (83) "St. Croix sandstone" at Trempealeau, Trempealeau County, Wisconsin.

/ EooRTHis SALTENSis (Kaj^scr).

Plate XCVII, figure 11.

Orthis saltensis Kaysbe, 1876, Beitrage zur Geologie und Paleontologie der argentinischen Republik, vol. 2, Pale-

ontologischen Theil; Abth. 1, p. 8, PI. I, figs. 15, 16. (Described and discussed in German as a new species; see

below for translation. Figs. 15 and 16 are reproduced in this monogi-aph, PI. XCVII, figs. 11' and 11, respec-

tively.)

Orthis saltensis? Kayser, 1897, Zeitschr. Deutsch. geol. Gesell. for 1897, Bd. 49, Heft 2, No. 2, p. 280. (Mentioned in

German from new localities.)

Orthis (Plectorthis) saltensis (Kayser), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 271. (Characterized.)

The original description by Kayser follows

:

Shell nearly circular in outline, with straight hinge edge, which is about equal to three-fourtlis of the greatest

breadth of the shell, measured approximately across the middle. Ventral valve moderately and uniformly arched,

with a faint keel rising in the middle. Beak short, slightly curved. Dorsal valve slightly arched, with a median

depression which is flat but becomes rather broad, starting at the umbo. The surface of both valves is covered with

fine but plainly marked ribs, united into bundles, the lateral ones bending somewhat outward.

In the sandstones in the province of Salta this species fills whole beds. At the town of Salta it occurs alone. At

the Nevado de Castillo it is accompanied by Lingula. At both localities it occurs as impressions and casts, and as

white, well-preserved shell, peeling off in flakes. Finally it also occurs, associated with trilobites, Eyoliihes, and

other Orthis species, at Tilcuya in the province of Jujuy, but there it is without calcareous shell. I know only one

primordial Orthis with which this fine species might be compared, namely Orthis inenapix Hicks [of. Davidson, 1869,

PI. XXXIII, figs. 8-12], from the English Arenig group. In this, however, the ribs show less tendency to arrange

themselves in bundles, the sinus is narrower, and the ventral valve is much more strongly keeled.

Kayser's description and figures [1876, p. 8, PI. I, figs. 15-16] lead me to refer this species

to the genus Eoorthis. The general form of the valves, the casts of the interior of the ventral
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valve with the strong umbonal cavity, and the radiating ribs increasing in number by inter-

polation, appear to sustain the reference.

The species derives its name from its occurrence near Salta.

Formation and locality.—Tipper Cambrian : (389 [Kayser, 1876, p. 8]) Sandstone at Salta, Province of Salta; (389a

[Kayser, 1876, p. 8]) sandstone at Nevado de Castillo, Province of Salta; (389(1 [Kayser, 1897, p. 280]) at Iruya,

Province of Salta; (389c [Kayser, 1897, p. 280]) in conglomeratic sandstone at Ojo de Agua,' Province of Santiago del

Est; and (389b [Kayser, 1876, p. 8]) sandstone at Tilcuya, Province of Jujuy; all in Argentina, South America.

Kayser [1876, p. 9, PI. I, fig. 13] also describes and illustrates the dorsal valve of a shell

that he refers to Orihis sp. It suggests Orusia lenticularis.

EooRTHis TATEi (Etheridge).

Plate XCVII, figures 15 and 15a.

Orthis {f)tatei Ethekidge, jr., 1905, Trans. Roy. Soc. South Australia, vol. 29, p. 249, PL XXV, figs. 7 and 8.

(Described as below, and discussed as a new species. The specimens represented by figs. 7 and 8 are redrawn
in this monograph, PL XCVII, figs. 15 and 15a, respectively.)

The original description by Etheridge follows

:

Pedicle valve, dorsal margin comparatively straight; ventral and lateral margins rounded, the former nonmar-
ginate; umbo small, depressed; surface in the median line moderately convex, the wings rather flattened; sculpture

consisting of numerous, thick, sometimes bifurcating radiating costse, which die out, or are only faintly perceptible

on the wings or toward the lateral margins of the valves, the surface on these portions being also crossed by very fine

concentric lines; by the promLuence of two or three costse on each side of the middle, a flattened space, taking the

place of a sulcus, is marked off.

This species appears to belong to the group of Eoorthis represented by E. remniclia (N. H.
Winchell).

The specific name is given in honor of Mr. Ralph Tate.

Formation and locality.—Middle? Cambrian: (315b [Etheridge, 1905, p. 249]) Limestone at Wirrialpa,

Flinders Range, South Australia.

Eoorthis thyone Walcott.

^ Text figures 70A-C.

Nisusia rara Walcott (in part), 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 97, PL IX, fig. 13 (not fig. 13a, which
represents a specimen of Nisusia rara) (No text reference. Fig. 13, which is reproduced in this monograph
as fig. 70A, was inserted on PL IX ^-n^^

represent Nisusia rara in the paper A B C
referred to, one of the figures repre- Figuke 70.— Eoorthis thyone Walcott. A, Natural cast of a ventral valve, the type speci-

sentino- Eoorthis thyone was acci-
men, showing cast of a pseudospondylium (U.S. Nat. Mus. Cat. No. 52378). B, Natural

J ^ 1? 1,1% <=^t of ^ dorsal valve (0. S. Nat. Mus. Cat. No. 52377a). C, Cast of interior of dorsal
dentally mcluded.) valve (U. S. Nat. Mus. Cat. No. 52377b).

Eoorthis thyone Walcott, 1908, idem, pp. The specimens represented are from Middle Cambrian Marjum limestone, 2.5 miles (4

105-106, PL X, figs. 7 and 7a. (De- km-) <^^^^ "! Antelope Springs, in the ridge east of Wleeler Amphitheater, House Range,

scribed and discussed as below as a
™lard County, Utah (fig 70A from Locality 3x and figs 70B and 70C from Locality llq).

w- n J -7
Figure 70A was published [Walcott, 1908d, PI. IX, fig. 13] as representing the ventr-al valve

new species, i igs. 7 and 7a are of NisuMa rara and was given Cat. No. 52295a. As e.xplained in the note under the
copied in this monograph as figs. first reference in the synonymy this was a mistake. Figures 70B and 700 are copied

70B and 70C, respectively.) '™" '*^^"^''" tWOSd, Pl. X, figs. 7 and 7a, respectively].

In outline and size this species resembles Eoorthis wicTiitaensis (Walcott) (PI. XCIV, figs.

1, la-n), but in its sharp, uniform, radiating ribs it differs from that and other species having
a somewhat simUar outline. The ribs radiate from the beak and increase in number by inter-

polation of new ribs at irregular distances from the beak. Nothing is known of the area of

either valve. A cast of the interior of a dorsal valve shows rather large muscle scars.

A large ventral valve has a length of 8 mm. ; width, 9 mm. ; substance of shell unknown.



790 CAMBRIAN BRACHIOPODA.

Observations.—This species was at first compared with Nisusia {Jamesella) nautes (Walcott)

(PL XCIII, figs. 6, 6a-b), but the surface ribs are more regular and less numerous. It also

occurs 1,800 feet higher in the stratigraphic section than N. (J.) nautes.

Formation and locality.—Middle Cambrian: (3x) About 2,200 feet {670.6 m.) above the Lower Cambrian and

2,200 feet {670.6 m.) below the Upper Cambrian, in the limestones forming Id of the Marjum limestone [Walcott, 190Sf,

p. 180]; and (llq) about 2,350 feet (716.3 m.) above the Lower Cambrian, and 2,050 feet (624.8 m.) below the Upper

Cambrian, in the limestones forming Ic of the Marjum limestone [Walcott, 1908f, p. 180]; both 2.5 miles (4 km.) east

of Antelope Springs, in ridge east of Wheeler Amphitheater [Walcott, 1908f, Pis. Xlll and XV], House Range, Millard

County, Utah.

EOOETHIS TULLBEEGI (Walcott).

Plate XCV, figure 3.

Orthis {Plectorthis) tullbergi WAhcoTT, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 271. (Characterized as a new species.)

Orthis {Plectorthis) tullbergi Walcott, Moberg and Segerberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B,

No. 2 (Aftryck ur K. Fysiografiska Siillskapets Handl., N. F., Bd. 17), p. 69, PI. II, fig. 3. (Characterized

in Swedish. Fig. 3, in common with the remaining figures on PI. 11 of Moberg and Segerberg's paper, was

copied from a preliminary photograph of PI. XCV of this monograph.)

The transverse outline and simple strong ribs of Eoorthis tullbergi serve to distmguish it

from E. christianise. (Kjerulf) and E. daunus (Walcott).

Moberg and Segerberg [1906, pp. 69-70] are inclined to consider this form as identical

with Eoortliis christianix. Since reading their remarks and conclusions I have studied the

material representing the two forms Eoortliis christianise, and E. tullbergi and have decided

to leave the latter as a distinct species. There may be a complete gradation of form and surface

characters between the two shells, but I do not find it in the numerous specimens before me.

The specific name was given in honor of Mr. S. A. Tullberg.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (390) Boundary

stratum between the Orthoceras limestone and the Ceratopyge limestone [Moberg and Segerberg, 1906, p. 69], at

Alunbruk (alum works), southern part of Oeland Island, Sweden.

EOOETHIS WICHITAENSIS (Walcott).

Plate XCIV, figures 1, la-o, lu.

Orthis {Plectorthis) vAchitaensis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 271-272. (Characterized essen-

tially as below as a new species.)

In general form and outline this shell is related to Eoortliis desmopleura (Meek) and

E. remnicha (Wincbell). Its convexity and differences in the radial ribbing and striation sep-

arate it from the former species, and it occurs in an older geological formation. Its convexity

and surface characters distinguish it from E. remnicha. The series of figures illustrating the

species will enable the student to study all that is known to me of the species.

A considerable nuxnber of relatively smooth shells that occur in the collection are desig-

nated as the variety Iseviusculus, but it is often difficult to separate them from the more finely

ribbed specimens that are typical of the species.

Formation and locality.—lower Ordovician: (360a) Red siliceous limestone on west side of Trout Creek,

below Bergen Park, 7 miles (11.2 km.) north-northwest of Manitou, El Paso County, Colorado.

TTpper Cambrian: (13j) Lower part of Arbuckle limestone at Small Hill, 2 miles (3.2 km.) southwest of Signal

Mountain, about 8 miles (12.8 km.) west of Fort Sill; and (9z) basal beds of the Arbuckle limestone, about 25 feet above

the heavy-bedded limestone, near the middle of the west half of sec. 13, T. 4 N., R. 13 W., about 13 miles (20.8 km.)

northwest of Fort Sill; both in Comanche County, Oklahoma.

(9q) About 10 feet (3 m.) above the porphyry contact and 90 feet (27.4 m.) below the Arbuckle limestone in

limestones of the Reagan sandstone, in middle of west half of sec. 2, T. 4 N., R. 13 W.
;
(9u) about 195 feet

(59.4 m.) above the porphyry contact in the limestones of the Reagan sandstone, in SE. J NE.
-J .sec. 2, T. 4 N.,

R. 13 W.; (9s) about 85 feet (26 m.) below the Arbuckle limestone in the limestones of the Reagan sandstone, near

middleof west half of sec. 13, T. 4N., R. 13 W.; all about 15 miles (24.2 km.) northwest of Fort Sill, Comanche County,

Oklahoma.

(13k) Limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is

about 225 feet (69 m.) above the porphyry contact and 55 feet (17 m.) below the Arbuckle limestone), on the west
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side of Honey Creek, near the southeast corner of sec. 35, T. 1 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Survey),

Carter County; (12n) limestones of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this

horizon is about 240 feet (73 m.) above the porphyry contact and 40 feet (12 m.) below the Arbuckle limestone), NW.
J sec. 1, T. 2 S., R. 1 E., Ardmore quadrangle (TJ. S. Geol. Survey), Carter County; and (12p) about 225 feet {69 m.)

above the igneous rocks in the limestones of the Reagan sandstone, at the northwest extremity of the Arbudcle Mountains,
about 4 miles {6.4 hn.) east of Homer, Carter County; all in Oklahoma.

(14b) Limestone on Cold Creek at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2

km.) south of the San Saba County line, in Llano County; (68) limestone on Packsaddle Mountain, Llano County;

and (71) limestone in Cold Creek Canyon, Burnet County; all in Texas.

(150a) Limestone on the east side of Dry Creek, above the mouth of Pass Creek; and (153a) limestone in ravine

on west side of Dry Creek, near the mouth of Pass Creek; both about 5 miles (8 km.) north of Hillsdale, Threeforks

quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

(151) Limestone in point overlooking Churn Canyon, on the west side of the Bridger Range, Gallatin County,

Montana.

(302e) Limestone near the top of the Deadwood formation, in Middle Popo Agie Canyon, near Lander, Fremont
County, Wyoming.

Middle Cambrian: (369a) Limestone in or just beneath the "Edgewise beds" near Elvins, C miles (9.6 km.)
south of Bonneterre, St. Francois County, Missouri.

EOORTHIS WICHITAENSIS LJSVIUSCULUS (Walcott).

Plate XCIV, figures Ip-s.

Orthis {Plectorthis) wichitaensis Ixviusculus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 272. (Characterized

essentially as below as a new variety.)

A variety with small, narrow, numerous ribs is given the above name. So many grada-

tions exist between it and the typical forms of E. wichitaensis (Walcott) that the figures are

arranged on the plate rather to show the gradations in surface characters than to bring out

this special variety.

FoBMATio>f AND LOCALITY.—Tipper Cambrian: (12k) Limestones of the Reagan sandstone (in the section 7

miles (11.2 km.) north of Springer this horizon is about 225 feet (69 m.) above the porphyry contact and 55 feet (17 m.)

below the Arbuckle limestone), on the west side of Honey Creek, near the southeast corner of sec. 35, T. 1 S., R. 1 E.,

Ardmore quadrangle (U. S. Geol. Survey), Carter County; (12n) limestones of the Reagan sandstone (in the section

7 miles (11.2 km.) north of Springer this horizon is about 240 feet (73 m.) above the porphyry contact and 40 feet

(12 m.) below the Arbuckle limestone), NW. J sec. 1, T. 2 S., R. 1 E., Ardmore quadrangle (U. S. Geol. Siu-vey),

Carter County; and (12p) about 225 feet {69 m.) above the igneous rocks in the limestones of the Reagan sandstone, at the

northwest extremity of the Arbuckle Mountains, about 4 miles {6.4 km.) east of Homer, Carter County; all in Oklahoma.

(14b) Limestone at north end of gorge opposite the north end of Sponge Mountain, 2 miles (3.2 km.) south of

the San Saba County line; and (68) limestone in Packsaddle Mountain; both in Llano County, Texas.

EOORTHIS WIMANI (Walcott).

Plate XCV, figures 4, 4a-d.

Orthis {Plectorthis) wimani Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 272. (Discussed essentially as below as a

new species.)

Orthis {Plectorthis) wimani Walcott, Moeero and Segbrberg, 1906, Medd. fran Lunds geol. Faltklubb, Ser. B, No. 2

(Aftryck ur K. Fysiografiska Siillskapets Handl., N. F., Bd. 17), p. 70, PI. II, figs. 4, 4a-d; PI. Ill, figs. 14,

15a-b. (Discussed in Swedish. Figs. 4, 4a-d, in common with the remaining figures on PI. II of Moberg and
Segerberg's paper, were copied from a preliminary photograph of PI. XCV of this monograph.)

This shell is distinguished from EoorfMs christianise (Kjerulf) and E. daunus (Walcott) by
the rounded, narrow, simple ribs and the less transverse and more rounded outline. A ventral

valve discovered after the drawings were made shows a well-defined pseudospondylium, with

the tripartite division as seen in E. remnicha (Winchell) (PL XCI, fig. Ic). Two strong main
vascular sinuses extend forward from the lateral divisions of the umbonal cavity nearly to

the front of the valve, corresponding in position to those of the dorsal valve (PL XCV, fig.

4a) . The cast of the dorsal valve indicates the presence of rather strong crura, crural plates,

dental sockets, and delthyrium.

The ventral valve is rather strongly convex, and the dorsal valve about half as much so.

The average size is 6 to 7 mm. in diameter, the ventral valve being about 1.5 mm. larger
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than the dorsal. The largest ventral valve in the material available for study has a length

of 9 mm.
The specific name was given in honor of Dr. Carl Wiman.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (310j) Ceratopyge

limestone at Borgholm, Oeland Island, Sweden.

(8x) Limestone at Slemmeatad, about 3 miles (4.8 km.) southwest of Christiania, Norway.

Upper Cambrian: (390b [Moberg and Segerberg, 1906, p. 71]) Limestones of the Shumardia zone (zone 3) at Fogel-

sang, 5 miles (8 km.) east of Lund, Province of Malmohus; and (390c [Moberg and Segerberg, 1906, p. 70]) Ceratopyge

slate (Zone 3) at Wentlinge, on Oeland Island; both in Sweden.

(323w) Black argillaceous shale of Division 3a^, at Christiania, Norway.
.

EooETHis ZENO Walcott.

Text figures 71A-B'.

Eoorthis zeno Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 106, PI. 10, fig. 8. (Discussed as below as a

new species. Fig. 8 is copied in this monograph as fig. 71A.)

In outline the ventral valve of this species is somewhat similar to that of some forms of

Eoorthis remnicTia winfiel/lensis (Walcott) (PI. XCI, fig. 2d), but it differs in having finer radiating

ribs and in its smaller size.

It is also much smaller

than Eoorthis newherryi

Walcott, and it occurs

4,390 feet (1,338 m.) lower

in the same sti-atigraphic

section. The character of

the surface is shown by
text figure 7lB', and the

general form by text fig-

ure 71A. I do not know
of any similar form, with

such regular, fine, sharp

radiating ribs, from the

riGUKE 71.—Eoorthis zeno Walcott. A, A', Exfoliated ventral valve (U. S. Nat. Mus. Cat. No. 52397a).

B, Fragment of dorsal valve (U. S. Nat. Mu.«i. Cat. No. 52397b). B', Enlargement of portion of

surface of B (X 10).

The specimens represented are from Locality 54o, Middle Cambrian Ute limestone in Blacksmith

Fork, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah. Figure 71A is copied from

Walcott [1908d, PI. X, fig. 8). It is the type specimen.

Cambrian. The largest ventral valve in the collection has a length of 10 mm.; width, 18 mm.

Formation and locality.—Middle Cambrian: (31c and 64o) « About 900 feet (274.3 m.), above the Brigham

quartzite and 3,300 feet (1,005.8 m.) below the Upper Cambrian in the limestone forming lb of the Ute limestone

[Walcott, 1908f, p. 196], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

Eoorthis sp. undt. a (Pompeckj).

Orthis sp., Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45, Hft. 3, p. 514, PI. XV, fig. 6. (Charac-

terized in German; see below for translation.)

Orthis (Plectortkis) sp. (Pompeckj), Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 272-273. (Original

description copied.)

Tliis species appears, from the illustration given by Pompeckj [1896b, PI. XV, fig. 6], to

belong to the genus Eoorthis. The material is too imperfect for specific determination. The

original description is as follows:

Some impressions of dorsal valves depart from Orthis romingeri. The ribs are remarkably broad, flat, and separated

by narrow interspaces; ribs may be observed to be split several times.

Formation and locality.—Middle Cambrian: (345 [Pompeckj, 1896b, p. 514]) Greenish shale in the Paradoxddes

zone, on the Dlouhd, Hora, above the brook of Sbirov, near Skrej, Bohemia, Austria-Hungary.

Eoorthis sp. undt. b (Pompeckj).

(Char-Orthis sp. Pompeckj, 1896, Jahrb. K.-k. geol. Reichsanstalt for 1895, Bd. 45, Hft. 3, p. 514, PI. XV, fig. 7.

acterized in German; see p. 793 for translation.)

Orthis (Plectorlhis) sp. (Pompeckj), Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 272-273." (Original

description copied.)

54o is the type locality.
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Pompeckj [1896b, p. 514] mentions another species of Orthis that appears to belong to the

genus Eoortliis. The material, which is too imperfect for specific determination, was described

as follows

:

The impression of a dorsal valve departs from Orthis romingeri in its greater breadth and less distinct ribbing.

Formation and locality.—Middle Cambrian: (345e [Pompeckj, 1896b, p. 514]) Greenish shale in the Paradoxides

zone in the gorge above Luh, near Skrej, Bohemia, Austria-Hungary.

EooRTHis sp. undt. c (Walcott).

Plate LXXXIX, figure 7.

Orthis (Plectorthis) sp. undt. Walcott, 1906, Proc. U. S. Nat. Mus., vol. 30, p. 571. (These various shells are described

and discussed essentially as below as sp. undt. c, d, and e.)

This species is represented by a single specimen of the ventral valve. Ventral valve

convex, with the apex curving gently downward from the liighest point to the cardinal area,

transverse; length, 2.5 mm.; width, 3 mm.; hinge line a little shorter than the' greatest width;

cardinal area sloping slightly forward from the liinge hue.

Surface marked by about 16 strong, nearly regular, rounded, radiating ribs, that are

crossed by fine, concentric striae, lines of growth, and one strong ridge indicating interruption

of growth.

Oiservations.—Tliis little shell was at first placed with Eoorthis agreste (Walcott) (PI.

LXXXIX, fig. 6), but fui'ther study showed that its greatest convexity, elevated apex, and
stronger ribs distinguished it from that species.

FoKMATiON AND LOCALITY.—Middle Cambrian: (C26) Near the top of the black oolite group in the uppermost

layers of the Changhia formation [Blackwelder, 1907a, p. 33 (part of the last list of fossils)]; 2 miles (8.2 km.) north-

northeast of Changhia, Shantung, China.

^. EooETHis sp. undt. d (Walcott)."

Plate LXXXIX, figure 8.

A larger shell of the type of sp. undt. c occurs in Shensi, in the central portion of the

Kichou formation. It has a length of 6.5 mm. and a mdth of 7.5 mm. The surface is

naarked by numerous radiating ribs, similar to those of the shell from Changhia, also concen-

tric strise and several ridges resulting from interruption of growth.

Formation and locality.—Middle Cambrian: (C71) Massive cliff-making limestones in the central portion of

the Kichou formation [Willis and Blackwelder, 1907, pp. 139 and 145 (2d list of fossils)], 4 miles (6.4 km.) south-

southwest of Tungyu, Shansi, China.

Eoorthis sp. undt. e (Walcott)."

A tliird shell that appears to be a dorsal valve was found associated with Middle Cambrian

trilobite fragments in limestone pebbles in river gravel. The surface is partly exfoliated,

but it shows rounded, radiating ribs and concentric ridges, similar to those on the two specimens

described above as sp. undt. c and sp. undt. d.

Formation and locality.—Upper Cambrian : (C67) Stream gravels used in making the railroad grade, 0.33 mile

(0.5 km.) west of the west city gate, Tsinan, Shantung, China.

Genus FINKELNBTJBG-IA Walcott.

Orthis {Finhelnhurgia) Walcott, 1905, Proc. U. S. Nat, Mus., vol. 28, pp. 277-278. (Characterized and discussed as

below as a new subgenus.)

Finkelnburgia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 148. (Classification

of genus.)

This genus is based upon two species that differ from Eoorthis in having tliick shells and

strongly marked vascular trunks in the ventral valve. The type of the genus, Finkelnburgia

jinkelnburgi. with its acuminate and sometimes alate cardinal extremities and subequally convex

a See synonymy for Eoorthis sp. undt. c.
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valve, is a very strongly marked type; the second species, F. osceola, has obtuse cardinal extrem-

ities, and most of the examples closely resemble in form Eoortliis remnicha (WincheU). It is

only when the specimens from the fine-grained sandstone of Trempealeau are studied that one

finds the thick shell and strong interior markings that are unknown in species of the genus

Eoorfhis.

This genus is named after Mr. W. A. Finkelnburg, of Winona, Minnesota, who has been

one of the most inteUigent and enthusiastic collectors of Cambrian and Ordovician fossils in

Minnesota in recent years.

Type.—Orthis (Finkelnburgia) jlnkelnburgi Walcott.

FiNKELNBTJEGIA FINKELNBURGI (Walcott)

Plate XCIII, figures 2, 2a-e.

Orthis (Finkelnburgia) Jlnkelnburgi Wa-lcoit, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 278-279. (Described and dis-

cussed as below as a new species.)

Shell transverse with the cardinal extremities acuminate and in some examples almost

alate. On the ventral valve the hinge fine slopes toward the beak at a low angle; in the dorsal

valve it is nearly straight. There is considerable variation in the height and width of the shell,

this feature depending upon the extension of the cardinal angles. The convexity of the valves

is subequal. In some examples the ventral valve is much more elevated and convex than in

others, and the same is true of the dorsal valve. A low, clearly defined mesial sinus occurs on

the dorsal valve, being strongest in young shells, and there is frequently a flattening of the

mesial area on the ventral valve.

The surface is marked by fine, rounded, radiating costse, crossed by concentric lines, and,

occasionally, ridges of growth. In a ventral valve 7 mm. in length, 11 nam. in width, there are

two costse in a distance of 1 milhmeter.

The largest specimen of a ventral valve in the collection has a length of 10 mm. with a

width of 18 mm. The average shell is less than 8 mm. in length.

The cardinal area of the ventral valve is relatively high. It extends backward over the

hinge line at an angle varying from 15° to 45° from the plane of the valve. The delthyrium is

of moderate width and apparently partly covered by a deltidium. The cardinal area of the

dorsal valve averages about one-half the height of that of the ventral valve, although in some
shells it is fully two-tliirds as liigli. It extends backward at an angle of about 70° to the plane

of the valve. It is divided midway by a strong delthyrium. None of the specimens in the

collections show whether there was a chihdium present or not.

In the interior of the ventral valve the strong teeth were supported by dental plates that

extend to the bottom of the valve and bound the umbonal cavity (pseudospondyhum) . The
only traces of the vascular system are the bases of strong vascular trunks, as shown in Plate

XCIII, figure 2. The positions of the diductor and adductor muscle scars are shown in figure 2.

The latter appear to have been cai-ried into a very narrow space on an elevated ridge between

the deep impressions made by the main vascular trunks; in figure 2a the points of attachment

of the muscles are well advanced into the valve.

In the interior of the dorsal valve a cast of the interior of the pseudocruralium appears to

have a small cardmal process, or callosity, but its presence is too doubtful to state that the

cardinal process is present; there are traces of a median septum shown on the central ridge

toward the center of the valve. The cardinal process occurs in the anterior half of the umbonal
cavity. The casts of the interior show that the crura are short and well defined, with relatively

strong dental sockets beside them. The only traces of the muscle scars observed are those of

the adductor, as shown in figure 2e.

Observations.—The exterior surface and size of tliis shell recalls Finkelnburgia osceola

(Walcott). It differs, however, in the acuminate ventral angles and strongly convex dorsal

valve. In form the elongate cardinal angles relate tliis species to Otusia sandbergi (WincheU),

but in surface and interior markings it materially differs from the latter.
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The specific name was given in honor of Mr. W. A. Finkelnburg.

Formation and locality.—TTpper Cambrian: (78 and 78s) "St. Croix sandstone," quarry near St. Croix River

in subui'bs of Osceola, Polk County; (81) "St. Croix sandstone" 1 mile (1.6 km.) east-northeast of Devils Lake, Sauk
County; (81b) "St. Croix sandstone" near Devils Lake, Sauk County; and (83, 83', 135b, and 135c) « "St. Croix sand-

stone" near Trempealeau, Trempealeau County; all in Wisconsin.

(339f) "St. Croix sandstone" near Minneiska (Miniska) on Mississippi River near the line between Wabasha
and Winona counties, Minnesota.

i^'lNKELNBXJEGIA OSCEOLA (Walcott)

.

Plate XCIII, figures 1, la-h.

Orthis (Finkelnburgia) osceofa Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 279. (Discussed essentially as below

as a new species.)

The general form of this species is similar to that of EoortMs remnicJia (Winchell) except

that it is usually more transverse. It is a smaller shell, averaging for the ventral valve a

length of 8 mm. and width of 11 mm., while E. remnicha averages 12 mm. in length and 14 to

16 mm. in width in the adult shell. The radiating costse are more uniformly rounded and
regular, and more numerous, except when compared with the variety texana. The shell of

Finkelnburgia osceola is tliick, hke other forms of the genus, with a result that the vascular

markings are definitely outlined. In figure Id the vascular markings are beautifully shown;
also, the large main vascular sinuses so characteristic of many species of BiUingseUa. The
carchnal process and median septum are well brought out in the cast, figure If. Some of the

dorsal valves approach quite closely to those of E. remnicha sulcata (Walcott)

.

The specific name is derived from Osceola, Wisconsin.

Formation and locality.—Upper Cambrian: "St. Croix sandstone " at the following localities: (78 and 78s)

Quarry near St. Croix River, in suburbs of Osceola, Polk County; (78b) 50 feet (15 m.) above St. Croix River, near

the landing at Osceola, Polk County; (79a) quarry and ledge 0.5 mile (0.8 km.) southeast of the county courthouse,

Menomonie, Dunn County; (80) 0.33 mile (1.1 km.) southwest of the railway depot, Menomonie, Dunn County;

(79b) near Hudson, St. Croix County; (80a) 4 miles (6.4 km.) north of Reedsburg, Sauk County; (83, 83' and 135c)6

Tiear Trem,pealeau, Trempealeau County; (85x) near Mazomanie, Dane County; and (388i) 0.33 mile (1.1 km.) west

of the railway station, Lodi, Columbia County; all in Wisconsin.

(339g) Just below the Dicellocephalus minnesotensis zone, near Winona, Winona County, Minnesota.

(341) Sandstone near Lansing, Allamakee County, Iowa.

Finkelnburgia osceola coreugata (Walcott).

Orthis (Finkelnburgia) osceola corrugata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 280. (Characterized as below
as a new variety.)

At two of the localities at which FinTcelnhurgia osceola (Walcott) occurs there are also found

a few specimens with strong concentric ridges formed by the piling up of lines of growth. The
shefi has a corrugated appearance that is very distinctive, and it is designated a variety.

Formation and locality.—TTpper Cambrian: (78 and 78s)6 "St. Croix sandstone," quarry near St. Croix River, in

the suburbs of Osceola, Polk County, Wisconsin.

(339g) Just below the Dicellocephalus minnesotensis zone, near Winona, Winona County, Minnesota.

Superfamily STROPHOMENACEA Schuchert.

Family STROPHOMENIBJE King.

Subfamily RAFINE8QUIN.iE Scliucliert.

Genus EOSTBOPHOMENA Walcott.

[ijiir, davm; and Strophomena (<rTpe^i, a twist; and ^ijinj, the moon, a crescent).]

Strophomena {Eoslrophomena) Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 256. (Characterized as below as a

new subgenus.)

Eostrophomena Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 148. (Classification

of genus.)

ii83 is ttie type locality. i 83' is tlie type locality.
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The description of the type species gives all that is known of the genus. It differs from

Strophomena in ha\T.ng the cardinal process in the dorsal valve merged into a ridge formed by

the extension of the crural plates along the posterior margin so as to cover the delthyrium and

unite at the median line.

Ty2)e.—StropTiomena (EostropJiomena) elegantula Walcott.

Olservations.—The cardinal process is more like that of Orihoihetes than that of Strophomena;

it differs from both in being more simple in its construction. It is probable that there is a

group of shells having the characters of EostropTiomena elegantula (Walcott) , but owing to the

difficulty of obtaining interiors of the valves, it is impossible to designate them. Strophomena

aurora Billings [1865a, p. 218] is one of these; also, Leptaena decipiens [BilHngs, 1862c, p. 74].

EOSTEOPHOMENA ELEGANTXJLA (Walcott)

.

Plate XCV, figures 6, 6a-b.

Strophomena (Eostrophomena) elegantula Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 256-257. (Described

and discussed as below as a new species.)

Strophomena (Eostrophomena) walcotti Moberg and Segekberg, 1906, Medd. fran Lunds Geol. Faltklubb, Ser. B,

No. 2 (Aftryck ur K. Fysiografiska Sallskapets Handl., N. P., Bd. 17), p. 71, PI. II, figs. 6, 6a-b ; PI. Ill, fig. 16?.

(Described and discussed in Swedish. The specific name "walcotti" is proposed because of the preoccupation

of "elegantula." The generic value now assigned to Eostrophomena permits the use of "elegantula." Figs. 6,

6a-b, in common with the remaining figures on PI. II of Moberg and Segerberg's paper, were copied from a

preliminary photograph of PI. XCV of this monograph.)

General form transversely subsemicircular or subelliptical, greatest width at the straight

hinge line. Surface concavo-convex and marked by fine, radiating, even strire, separated into

flat bands by stronger and more prominent strise or ribs; fine concentric striae, and more or

less prominent lines of growth cross the radiating strias. The ventral valve is slightly convex,

with low umbo and small, incurved apex. The dorsal valve is flattened in the umbonal region

and concave toward the margins; the interior shows a narrow, rounded median furrow, also

rounded crural plates that unite with the cardinal process to form a continuous ridge covering,

the anterior portion of the delthyrium; the dental sockets appear to have been relatively large

and deep ; the adductor muscle scars are a httle to the front, as shown in figure 6b.

A ventral valve 6 mm. wide has a length of 4 mm., and a dorsal valve 5.5 mm. wide is

3 mm. in length.

Ohservations.—The concavo-convex shells and the ridge representing the cardinal process

place this little shell with the strophomenoid forms, but as no described genus possesses the

characters shown a genus is made to receive it.

Formation and locality.—Passage beds between the Upper Cambrian and the Ordovician: (310j) Ceratopyge

limestone, at Borgholm; (310 [Moberg and Segerberg, 1906, description of PL III]) Ceratopyge limestone (Zone 4) at

Ottenby; and (390e [Moberg and Segerberg, 1906, pp. 71 and 109]) "Apatocephalus zone of the Ceratopyge suite," at

Ottenby; all on Oeland Island, Sweden.

Superfamily PENTAMERACEA Schuchert.

Family SYNTROPHIID^ Scliucliert.

Genus SWANTONIA Walcott.

«

Swant07iia Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 296. (Mentioned as below as a new genus.)

Swantonia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PL XI, and pp. 142 and 148. (Classification of

genus.)

The description of the type species includes that of the genus, as there is only one other

species now referred to the genus, and that is very imperfectly known.

a Prior to the definition ot the genus Swantonia the species now placed under that genus were referred to the following genera:

Camerella Billings [ISC.lb.p. 10; 1861c, p. 949; 1862e,
|

Camarella ? Hall and Clarke [1893, p. 220].

p. 221; 1863, p. 284). Protmhyncha? Schuchert [1897, p. 334).

Camarella, Walcott [1886b, p. 122; lS91a, p. 613]. I
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Type.— Camerella antiqua Billings [1861b, p. 10].

The generic name is derived from the town of Swanton, Vermont, near which the type
species occurs.

SWANTONIA ANTIQUATA (BlUings)

.

Plate CIV, figures 5, 5a-b.

Camerella antiquata Billings, 1861, Geol. Survey Canada, Paleozoic Fossils, vol. 1, pp. 10-11, fig. 13, p. 10. (De-

scribed and discussed as a new species.)

Camerella antiquata Billings, 1861, Report on the Geology of Vermont, vol. 2, p. 949, fig. 353. (Copy of preceding

reference.)

Camerella antiquata Billings, 1862, Report on the Economic Geology of Vermont, by Hager, p. 221, fig. 353. (Copy
of Bilhngs, 1861b, pp. 10-11, and fig. 13.)

Camerella antiquata Billings, 1863, Geol. Survey Canada, Fifteenth Rept. Progress, fig. 290, p. 284. (No text refer-

ence. Fig. 290 is copied from Billings, 1861b, fig. 13, p. 10.)

-Camarella antiquata Billings, Walcott, 1886, Bull. U. S. Geol. Survey No. 30, pp. 122-123, PI. VII, fig. 8. (Original

description, Billings, 1861b, pp. 10-11, copied. The specimen represented by fig. 8 is redrawn in this mono-
graph, PL CIV, fig. 5.)

-Camarella antiquata Billings, Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 613, PL LXXII, fig. 3. (No
text reference. Fig. 3 is copied from fig. 8 of the preceding reference.)

Camarella ? antiquata Billings, Hall and Clakkb, 1893, Nat. Hist. New York, Paleontology, vol. 8, pt. 2, pp. 220-221.

(Mentioned in discussion of genus Camarella.)

Protorhyncha f antiquata (Billings), Schuchekt, 1897, Bull. U. S. Geol. Survey No. 87, p. 334. (Merely changes generic

reference.)

Swantonia antiquata (Billings), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 296-297. (Described and discussed

as below.)

Ventral valve ovate, moderately convex; apex pointed and incurved over the area nearly

to the plane of the margins of the valve; surface marked by from 8 to 12 or more rounded
ribs that extend back well toward the apex; a slight flattening of the median portion suggests

that a shallow median sinus may be found on old shells. The shell illustrated has a length

and width of 11 mm.
A cast of the interior of a ventral valve shows no traces of muscle scars or vascular mark-

ings; two strong teeth are indicated, also a narrow, strong, concave shelf or area; the area or

shelf is free from contact with the bottom of the valve, a recess or chamber existing beneath it.

Observations.—The area or shelf may be considered as a short, free spondylium, corre-

sponding to the short spondylium of Camarella volhorthi Billings as illustrated by Hall and
Clarke [1892c, PL LXII, fig. 18]. Swantonia is closely related to Camarella, but it differs in

the absence of a supporting median septum beneath the spondylium of the ventral valve.

No specimens of the dorsal valve have been observed.

Formation and locality.—lower Cambrian: (319e)<» Sandy shales 2 miles (3.2 km.) east of Swanton, Franklin

County, Vermont.

Swantonia weeksi Walcott.

Plate CIV, figure 6.

Swantonia weehsi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 297. (Characterized as below as a new species.)

This shell has the general form of Swantonia antiquata (Billings), but the ribs are finer,

more numerous, and crossed by fine, sharp, concentric strise. Only the exterior of the ventral

valve appears to be represented in the collection made by Mi\ F. B. Weeks.

Formation and locality.—lower Cambrian : (Iv) Shales of No. 3 of the Silver Peak group, Barrel Spring

section [Walcott, 1908f, p. 189], 3 miles (4.8 km.) north of Valcalda Spring and 4 miles (6.4 km.) west-northwest of the

Drinkwater mine. Silver Peak quadrangle (U. S. Geol. Survey), Esmeralda County, Nevada.

o Billings [1861b, p. 11] gives the locality as 1.5 miles (2.4 km.) east of Swanton, Vermont.
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Genus SYNTBOPHIA HaU and Clarke, a

Syntrophia Hall and Clabke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, footnote, p. 270. (Discusses

species which appear to belong to a distinct genus and announces the future use of the term Syntrophia to

include them.)

Syntrophia Hall and Clarke, 1893, idem, pt. 2, pp. 216-218. (Described and discussed as a new genus, copying

the original note proposing the genus. The description of
'

' Triplesia lateralis " Whitfield, which is given on

p. 217, is copied in this monograph; see below.)

Syntrophia Hall and Clarke, Hall, 1894, Thirteenth Ann. Rept. State Geologist New York for 1893, vol. 2, pp. 836-

837. (Copies the description of "Triplesia lateralis " given on p. 217 of the preceding reference.)

Syntrophia Hall and Clarke, Walcott (in part), 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 288-289. (Gives an essential

copy of the description of "Triplesia lateralis" given by Hall and Clarke, 1893b, p. 217, a description which

is copied below, and discusses the genus essentially as below. Species were included in the genus which are

now placed under Euenella.)

Syntrophia Hall and Clarke, Grabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 270. (Described.)

Syntrophia Hall and Clarke, Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 4, PI. XI, and pp. 142 and 148.

(Classification of genus.)

The description of "Triplesia lateralis" by Hall and Clarke [1893b, p. 217] follows:

Shell transversely elongate, biconvex with a straight hinge line whose length nearly equals the greatest diameter

of the valves, and each valve is medially divided by an open delthyrium. The external surface is smooth, with fine

concentric lines \dsible only about the margins; the inner shell layers show a strongly fibrous radiating structure

without punctation. The pedicle valve bears a more or less clearly developed median sinus and the brachial valve

a broad, indistinct fold.

On the interior the teeth are very small, lying at the extremities of the delthyrial margins and supported by

dental plates which converge and unite before reaching the bottom of the valve. Thus is formed a deep but short

spondylium, which is supported, near its apical portion, by a median septum, but is free for fully one-half its length.

In the brachial valve there are also two convergent plates bounding the deltidial cavity, larger and stronger than

those of the opposite valve. These plates may rest upon the bottom of the valve, and probably always do so toward

the posterior extremity, but anteriorly they become free, forming a spondylium which is supported by a median septum

extending beyond the anterior edge of the plate. Thus these two valves which are very similar in exterior, the pedicle

valve being only slightly the more convex and with a low median sinus, are also closely alike on the interior, each

being furnished with a spondylium.

Type.— Triplesia lateralis Whitfield.

Observations.—Hall and Clarke [1893b, p. 216] referred Ortliis harahuensis and Triplesia

primordialis among Cambrian species to Sijntrophia, and of Ordovician species, Triplesia

lateralis, StricMandinia? aretliusa, S.f aracJine, and Camarella calcifera.

Orthisf armada Billings, of the Lower Ordovician, certainly has a close resemblance in the

spondylium of its ventral valve to this genus, and it may represent a radially striated form, as

suggested by Hall and Clarke [1893b, p. 218]. Concerning the relations of Syntrophia to Strick-

landinia, they consider that the structures represented in the species referred to the former

genus may be the equivalents of those represented by the Stricklandinias of the later Silurian

and Devonian. Billings [1862b, p. 84] noted the relationship existing between his Camarella

calcifera and StricMandinia. It is probable that S. f arachne, S. aretliusa, and similar forms

should be referred to a distinct genus. They are not typical Stricklandinias and they differ

in surface and shape from Syntrophia lateralis.

The Cambrian type of Syntrophia is S. rotundata of the Upper Cambrian. It has a spondyl-

ium in each valve supported by a median septum, and a short area divided by a large open

delthyrium.

The structure of the shell of Syntrophia is fibrous, with rows of minute pores between

the fibers.

a The synonymy for this genus does not give a complete record of the various genera under which the species now included in Syntropliia were

formerly placed; it gives only those references in which the genus is discussed or described. To complete the record tor the species taken up in

this monograph the following mere generic references are listed; s

Camerella Billings [1861a, p. 318; 1863, p. 231].

Orlhis A. Winchell [1864, p. 228].

Camerella Billings [1865a, p. 220].

Triplesia Whitfield [1878, p. 51].

iepteM Whitfleld[1878, p. 60; 1882, pp. 171 and 195).

Triplesia Whitfield [1882, p. 172].

Triplesia Walcott [1884b, p. 75].

Triplesia Whitfield [1886, p. 303].

Triplecia Hall and Clarke 11892c, p. 270).
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All of the species of the Syntrophiidfe with nonplicated, smooth surface and spondylium

raised on a median septum are referred to Syntrophia, and the species with a more or less

plicate surface, with sessile spondylium or pseudospondylium, to the genus Huenella. The

nonplicate or smooth species are: S. camhria and S.? unxia of the Middle Cambrian; S. alata,

S. harahuensis, S. camphelli, S. orihia, S. primordialis, and S. rotundata of the Upper Cambrian;

and S. calcifera, S. lateralis, and S. nundina of the Ordovician.

Syntrophia alata Walcott.

Plate cm, figures 3, 3a-e.

Syntrophia alata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 290. (Characterized as below as a new species.)

This species is characterized by its transrerse form and extended cardinal angles. Exterior

surface marked by concentric striae and lines of growth and interior surface by fine, radiating

striae. A transverse section of the ventral valve at the umbo shows the spondylium with a

strong median septum supporting it. The interior of the ventral valve was marked by two

strong main vascular sinuses starting from the sides of the spondylium.

Formation and locality.—tTpper Cambrian: (69) Limestone near Honey Creek, Bm-net County, Texas.

Syntrophia barabuensis (A. Winchell).

Plate CII, figures 1, la-g.

Orthis barabuensis A. Winchell, 1864, Am. Jour. Sci., 2d ser., vol. 37, p. 228. (Described and discussed as a new
species.)

Leptxna barabuensis (Winchell), Whitfield, 1878, Ann. Rept. Wisconsin Geol. Survey for 1877, p. 60.

Leptxna barabuensis (Winchell), Whitfield, 1882, Geology of Wisconsin, vol. 4, pt. 3, pp. 171-172, PI. I, figs. 6 and 7.

(Described and discussed; see below for copy.)

Leptaena barabuensis Winchell, Whitfield, 1882, idem, p. 195, PL III, fig. 6. (Described from a higher horizon than

that containing the specimens referred to in the preceding.)

Syntrophia barabuensis (Winchell), Hall and Olaeke, 1893, Nat. Hist. New York, Paleontology, vol. 8, pt. 2, p. 216.

(Changes generic reference.)

Syntrophia barabuensis (Winchell), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 27, pp. 290-291. (Description by
Whitfield copied, and species discussed as below.)

The description by Whitfield [1882, pp. 171-172] follows:

Shell of medium size or smaller, measuring about half an inch or less than half an inch along the hinge line;

form semielliptical, longest on the hinge and more than half as wide again as long; extremities of the hinge often sub-

mucronate; front of the valves rounded or slightly emarginate in the middle. Ventral valve the most convex, and

marked by a strong, angular mesial elevation, nearly one-fourth as wide on the front of the valve as the width of the

shell; area moderately high and nearly in the plane of the valve; cardinal borders very gradually sloping from the

center to the extremities of the cardinal line. Dorsal valve less convex than the opposite, and marked by a suban-

gular mesial depression, corresponding to the fold of the opposite valve; area linear. Surface of the shell apparently

smooth, or at least so far as can be determined from either the internal casts or from the matrix.

I had some doubt regai-ding the positive identity of this species with that described by Professor Winchell [1864,

p. 228] in consequence of the following remarks which occur in his description: "Surface with sixteen or eighteen ribs

visible on the casts, the strongest of which limit the mesial sinus," and again, "apparently of the type of Orthis biforta."

In examining a number of specimens, I had not been able to detect any strise or ribs, and felt somewhat inclined to

regard it as a distinct species from that one. I have, however, through the kindness of Prof. W. [Winchell], been able

to make a direct comparison with one of his original specimens, and should consider them as identical. The specimen

sent me has the mesial told (of the ventral valve) remarkably strongly defined by a depressed line on each margin, the

center appearing tumid, which I think is in part due to accident. The specimen coiTesponds closely with the ventral

valve we have figured, except in the strongly defined mesial fold.

Observations.—Tliis is the same type of Syntrophia as S. primordialis. It differs in its

more rounded outlines, shallow, rounded sinus in the ventral valve, and, usually, a less pro-

nounced fold on the dorsal Valve. Evidence of a short median septum at the end of a very

short spondylium in the dorsal valve is shown by one cast (PL CII, fig. Ig).

The species derives its specific name from its occurrence at Devils Lake, which is near

Baraboo, Sauk County, Wisconsin.

Formation and locality.—Tipper Cambrian: "St. Croix sandstone " at the following localities: (328 [Whitfield,

1882, p. 172]) Upper layers near the north end of Devils Lake, Sauk County; (81b) near Devils Lake, Sauk County; (81o)
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on the railroad track below the Cliff House, Devils Lake, Sauk County; (83) near Trempealeau, Trempealeau County;

(78) quarry near St. Croix River in the suburbs of Osceola, Polk County; and (134a) in a quarry 1 mile (1.6 km.) south-

east of the county courthouse in Menomonie, Dunn County; all in Wisconsin.

Stntrophia calcifera (Billings)

Plate CIV, figm-es 1, la-i.

Camerella calcifera Billings, 1861, Canadian Naturalist, vol. 6, pp. 318-320, figs. 3a-c, p. 319. (Described and discussed

as a new species. Figs. 3a-c are copied in this monograph, PI. CIV, figs. 1, la, and lb,. respectively.)

Camarella calcifera Billings, 1863, Geol. Survey Canada, Fifteenth Bept. Progress, figs. 247a-c, p. 231. (No text

reference. Figs. 247a-c are copied from figs. 3a-c of the preceding reference.)

Camerella calcifera Billings, 1865, Geol. Survey Canada, Paleozoic Fossils, vol. 1, p. 220. (Localities mentioned.)

Triplecia? calcifera (Billings), Hall and Claeke, 1892, Nat. Hist., New York, Paleontology, vol. 8, pt. 1, p. 270. (Merely

changes generic reference.)

Syntrophia? calcifera (Billings), Hall and Clarke, 1893, idem, pt. 2, p. 218, PI. LXII, fig. 24. (Changes generic

reference.)

Syntrophia calcifera differs from S. nundina in its more pointed and incurved apex, stronger

ventral sinus, and dorsal fold. It is more convex and rotund than S. primordialis.

The only interior parts known are in the form of a cast illustrated by Billings [1861a, fig. 3c,

p. 319] and copied in Plate CIV, figure lb; this indicates a well-developed spondylium and

a mecUan supporting septum in the ventral valve.

The form owes its specific name to its occurrence in the "calciferous sandrock."

Formation and locality.—Lower Ordovician: (319t)a "Calciferous sandrock" at St. Timothy on the St. Law-

rence, near the head of the Beauharnois Canal; (319u [Billings, 1861a, p. 320]) "calciferous sandrock" in the Township

of Edwardstown, between Beauharnois and Lake

Champlain; (392) o at Nortons Creek; (392j)« litne-

stones of the
'

' Quebec group
'

' at Point Levis; and

(3931) o limestone at Phillipsburgh; all in the

Province of Quebec, Canada.

(314c) a Nodules of white limestone belonging

to Division P of Billings's section at Cow Head,

Newfoundland.

Syntrophia Cambria Walcott.

Text figures 72A-D.

Syntrophia cambria Walcott, 1908, Smithsonian.

Misc. Coll., vol. 53, No. 3, pp. 106-107,

PI. X, figs. 11 and 11a. (Described and

discussed as a new species. With the ex-

ception of the third paragraph the reference

is copied below. Figs. 11 and 11a are copied

in this monograph as figs. 72B and 72C, re-

spectively.)C D
FiGimE 72.—Syntrophia cambria Walcott. A, A', Top view and side outline of

ventral valve (U. S. Nat. Mus. Cat. No. 57029a). B, Ventral valve, the type

specimen (U. S. Nat. Mus. Cat. No. 52477a). C, Dorsal valve (U. S. Nat.

Mus. Cat. No. 5247S). D, Partly exfoliated ventral valve (U. S. Nat. Mus.

Cat. No. 52477c).

Figures 72B and 72C are copied from Walcott tl908d, PI. X, figs. U and 11a].

The specimen represented by figure 72C is from Locality 34m ; those represented

by figures 72A, 72B, and 72D are from Locality 32e ; and that represented by figru-e

72A is from Locality 31c, all in the Middle Cambrian of northeastern Utah.

General form transversely oval,

strongly convex but not rotund. Ven-

tral valve moderately convex, with the

frontal margin in adult shells prolonged

;

a flattened median sinus begins on the

umbo and widens to two-tliirds the

width of the shell in front; area un-

known. Dorsal valve moderately convex except on the median fold, which is rounded but

not unusually prominent; area unknown.

Surface marked by a few concentric lines of growth. The largest dorsal valve has a length

of 8 mm.; width, 11 mm. A ventral valve 9 mm. in length has a width of 14 mm.

a Billings, lS65a, p. 220.
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Observations.—In form this species is usually most nearly related to Syntrophia calcifera

(Billings) (PI. CIV, figs. 1, la-i). It differs in having a less clearly defined beak and less promi-
nent fold on the dorsal valve. There are many points in common between Syntrophia camhria
and S. nundina Walcott (PL CII, figs. 4, 4a-c), but they difl'er in the shorter beak and sharper

mechan fold of the latter. Syntrophia camiria occurs in the Wasatch range, about 4,500 feet

below the base of the Ordovician, while S. calcifera and S. nundina occur in the Lower Ordovi-

cian. It is the oldest species of the genus and is of interest also on account of being closely

related in form to the Ordovician species mentioned.

Formation and locality.—Middle Cambrian: (31c and 54o) 900 feet (274.3 m.) above the Brigham quartzite and
3,300 feet (1,005.8 m.) below the Upper Cambrian, in the limestone forming lb of the Ute limestone [Walcott, 1908f

p. 196], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) ea?t of Hyrum, Cache County; (32e) the same strati-

graphic horizon as Locality 31c just south of the south fork of Paradise Dry Canyon {East Fork), east of Paradise, Cache

County; and (34m) limestone about 765 feet (233.2 m.) above the Brigham quartzite [Walcott, 1908a, p. 8], 1 mile
(1.6 km.) northwest of Geneva (Copenhagen), east of Brigham, Boxelder County; all in Utah.

Syntrophia campbelli Walcott.

Text figures 73A-F.

Syntrophia campbelli Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 107-108, PL X, figs. 9, 9a-c. (De-
scribed and discussed as below as a new species. Figs. 9, 9a-c are copied in this monograph as figs. 73B 73C
73E, and 73F, respectively.)

General form rotund, unequally biconvex; hinge line short. Ventral valve moderately
convex, exclusive of the prolonged frontal margin; it is depressed toward the front in adult

FiGUEE 73.—SyniropUa campbelli Walcott. A, Ventral valve, the type specimen (U. S. Nat. Mus. Cat. No. 524801). B, Cast of ventral valve,

showing cast of septum supporting the spondylium (U. S. Nat. Mus. Cat. No. 52480a). C, C, Dorsal valve (tJ. S. Nat. Mus. Cat. No. 52480b).

D, Dorsal valve (U. S. Nat. Mus. Cat. No. 52480e). E, Section of ventral valve, showing cast of septum and spondylium (U. S. Nat. Mus.
Cat. No. 52480c). F, Cast of dorsal valve, showing cast of spondylium (U. S. Nat. Mus. Cat. No. 524S0d).

The specimens represented are from Locality 12q, Upper Cambrian, near Rogersville, Tennessee. Figures 73B, 73C, ^3E, and 73F are

copied from Walcott [1908d, PI. X, flgs. 9, 9a-c, respectively].

shells by a broad median sinus that disappears on the umbo ; area short and divided midway by a

relatively large, open, triangular delthyrium. Dorsal valve convex with an elevated, rela-

tively narrow median fold that does not extend back to the beak; area short and divided by
a strong, open, triangular delthyrium.

Surface marked by concentric striae and a few strong lines of growth. The largest shell

is represented by a dorsal A^alve that has a length of 12 mm.; width, 14 mm. A ventral valve

7 mm. in length has a width of 1 1 mm.
Casts of the ventral valve show a spondylium supported on a septum that extended from

the beak about one-third the distance to the front margin. The spondylium of the dorsal

valve rests directly on the interior of the shell without trace of a supporting median septum.

62667°—VOL 51, pt 1—12 51
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Observations.—The young shells of this species are almost evenly convex, the fold of the

dorsal valve and the sinus of the ventral valve of the adult shell not having developed. The
characteristic spondylium of each valve is shown in the youngest shells observed. The general

form of Syntropliia campielli is much like that of SyntropMa rotundata Walcott (PI. GUI, figs.

4, 4a-c) and somewhat like that of Huenella texana (Walcott) (PI. CIII, figs. 1, la-g). It

differs from the former in having the spondylium of the dorsal valve resting on the interior of

the shell and not supported on a septum, in this respect resembling the spondylium of Huenella

texana (Walcott) (PI. CIII, figs. Ih, li). Some shells have a somewhat transverse posterior

margin like that of H. texana, but the larger number have the broadly acuminate outline of

5. rotundata. The muscle scars of the dorsal valve, as far as known, are similar to those of

Huenella ahnormis (Walcott) (PL CIII, figs. 2i, 2s).

The specific name was given in honor of Mr. M. R. Campbell of the United States Geological

Survey, who collected the specimens.

FoEMATioN AND LOCALITY.—TTpper Cambrian: (12c() Knox dolomite, on Bunker Hill, 6 miles (9.6 km.) northeast

of Rogersville [Keith, 1905, areal geology sheet], Hawkins County, Tennessee.

1 Synteophia lateralis (Wliitfield).
V

Text figure 11, page 299; Plate CII, figm-es 6, 6a-g.

Triplesia lateralis Whitfield, 1886, Bull. Am. Mus. Nat. Hist. No. 8, p. 303, PI. XXIV, figs. 9-11. (Described as

a new species.)

SyntropMa lateralis (Whitfield), Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, footnote,

p. 270. (Generic reference changed.)

SyntropMa lateralis (\^'hitfield), Hall and Clarke, 1893, idem, vol. 8, pt. 2, p. 217, PI. LXII, figs. 1-10. (Described,

giving on p. 216 the footnote referred to in the preceding reference. The description of this species is copied

in this monograph, under the genus SyntropMa. ' Figs. 9 and 10 ai-e copied in this monograph, PI. CII, figs.

6f and 6g, respectively.)

SyntropMa lateralis C^^Tiitfield), Hall and Clarke, 1894, Thirteenth Ann. Rept. State Geologist New York for 1893,

vol. 2, pp. 836-837, PL XLV, figs. 7-12. (Copy of the description given on p. 217 of the preceding reference.

Figs. 7-12 are copied from Hall and Clarke, 1893b, PI. LXII, figs. 1, 2, 6, 9, 5, and 10, respectively.)

I have illustrated a few of the shells representing the species that, taken with those of

Hall and Clarke in part 2 of volume 8 of their great work, illustrate about all that is known
of S. lateralis. (See p. 798 for a copy of Hall and Clarke's description of the species.)

Formation and locality.—Lower Ordovician: (227) Limestone near Fort Cassin, Addison County, Vermont.

Syntrophia nundina Walcott.

Plate CII, figures 4, 4a-d.

Triplesia calcifera Walcott [not Billings], 1884, Men. U. S. Geol. Sm-vey, vol. 8, pp. 75-76, PL XI, figs. 7 and 8.

(Chai'acterized. The specimens represented by figs. 7 and 8 are redrawn in this monograph, PL CII, figs. 4

and 4a, respectively.)

SrjntropMa nundina Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 292. (Characterized as below as a new species.)

SyntropMa calcifera Walcott, Ghabau and Shimer, 1907, North American Index Fossils, vol. 1, p. 271, figs. 325. (De-

scribed. The two figures in fig. 325 are copied from Walcott, 1884b, PL XI, figs. 7 and 8, respectively.)

The nonplicats, convex species that is found in the Lower Ordovician of the western

United States has usually been referred to Camerella or Triplesia calcifera. It is much like

the latter but differs in being less convex, with apex of valves less pointed and incurved.

Formation and locality.—Lower Ordoviciaii: Pogonip limestone at the following localities: (63) Northeast of

Adams Hill; (201a) east slope of the ridge east of Hamburg Ridge; (203) on spur on ridge extending southwest from

Wood Cone; (204) on the lower part of the eastern slope of the ridge east of Hamburg Ridge, facing Secret Canyon road;

and (209) on the west side of Goodwin Canyon; all in the Eureka district [Hague, 1892, Atlas], Eureka County, Nevada.

(185z) Limestones at the base of the Lower Ordovician [Walcott, 1908f, p. 191], in Blacksmith Fork Canyon,

about 9 miles (14.4 km.) east of Hyrum, Cache County, Utah.

(186 and 186a) Near line of contact between red and gray Ordovician limestone, in red siliceous limestone, 30

to 35 feet (9.1 to 10.7 m.) above the pre-Cambrian rocks, Williams Canyon, Manitou, El Paso County, Colorado.

Tipper Cambrian: (54b) About 1,200 feet (365.8 m.) above the Middle Cambrian and 25 feet (7.6 m.) below the

top of the Upper Cambrian in the upper part of the limestone forming 1 of the St. Charles formation [Walcott, 1908f,
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p. 191]; and (54o) about 1,100 feet (335.3 m.) above the Middle Cambrian and 120 feet (36.6 m.) below the top of the'

Upper Cambrian in the central part of the limestone forming 1 of the St. Charles formation [Walcott, 1908f, p. 192];;

both in Blacksmith Fork Canyon about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.

A specimen (PI. CII, fig. 4d) that is somewhat doubtfully referred to this species occurs

at the following locality:

Upper Cambrian: (329a) Limestone on Ute Peak, in the Wasatch Mountains east of Cache Valley, Cache County,

Utah.

Syntrophia orthia Walcott.

Plate CIV, figures 4, 4a-b.

Syntrophia orthia Walcott, 1905, Proc. U.S. Nat. Mus., vol. 29, pp. 11-12. (Described and discussed as a new species.)

General form irregularly oval, with the ventral view obtusely angular toward the apex;

rounded, biconvex, with a deep mesial sinus on the ventral valve and a strong median fold on
the anterior half of the dorsal valve. Surface smooth, with the exception of a few concentric

striag and lines of growth. The ventral valve has a strong median sinus that occupies about
one-third of the width of the valve at the anterior margin and projects forward to fit into the

sinus in the front of the margin of the dorsal valve; the sides of the median sinus are elevated,

and with the downward-sloping lateral slopes form a strong, rounded ridge on each side of the

sinus; none of the specimens in the collection show the area, but from the profile of the valve

it must have been of moderate height, with a rather sharp apex curving over it.

Dorsal valve with a minute apex, from which a narrow, slightly developed median fold

extends to about the posterior fourth of the shell, where it becomes elevated, and, widening,

extends forward to the front margin ; the remaining portions of the surface are uniformly convex,

sloping away from the median fold to the margins of the valve.

Nothing is known of the interior of either valve.

Observations.—In general form this species resembles Syntrophia primordialis (Whitfield)

of the "St. Croix sandstone" of Wisconsin. It differs in its more rounded, irregularly oval form
and the very large median sinus of the ventral valve.

Formation and LOCALiTY.^Upper Cambrian: (C54) Lower part of the Chaumitien limestone [Blackwelder,

1907a, p. 42 (part of last list of fossils)], 0.66 mile (1.1 km.) west of Tsinan; (C56) same horizon as Locality CS4 at

Pagoda Hill [Bladcwelder, 1907a, p. 4^ (part of last list of fossils}], 1 mile [1.6 km.) west of Tsinan; and (C64) upper

limestone member of the Kiulung group [Blackwelder, 1907a, pp. 37 and 42 (first list of fossils), and fig. 10 (bed 20),

p. 38], 2.7 miles (4.3 km.) southwest of Yenchuang, Sintai district; all in Shantung, China.

Syntrophia primordialis (Whitfield).

Plate CII, figures 2, 2a-e.

Triplesia primordialis Whitfield, 1878, Ann. Kept. Wisconsin Geol. Survey for 1877, p. 51. (Described.)

Triplesia primordialis Whitfield, 1882, Geol. Wisconsin, vol. 4, pt. 3, p. 172, PI. X, figs. 1 and 2. (Described and
discussed, the first paragraph being copied below.)

Triplecia? primordialis Whitfield, Hall and Clarke, 1892, Nat. Hist. New York, Paleontology, vol. 8, pt. 1, p. 270,

footnote. (Questions generic reference.)

Syntrophia primordialis (WTiitfield), Hall and Clarke, 1893, idem, pt. 2, p. 218. (Changes generic reference.)

.Syntrophia primordialis (Wbitfield), Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 292. (Whitfield's description,

1882, p. 172, copied and species discussed as below.)

The description by Whitfield [1882, p. 172] follows:

Shell small, measuring less than half an inch in width; transversely oval in outline, and quite ventricose in profile;

hinge line straight and about half as long as the width of the shell below; area narrow. Ventral valve with a strongly

depressed, rather narrow and rounded mesial sinus. Dorsal valve with a narrow, sharply elevated fold not extending

quite to the beak; sides of the valve rounded. Surface smooth in the casts, but presenting the appearance of having

been externally striate. Processes in the interior of the dorsal valve apparently forming a small spoon-shaped pit at

the beak.

Observations.—Casts of the interior show the form of the spondylium and supporting

median septum in the ventral valve; also, a small short spondylium in the ventral valve, which
appears to be attached to the bottom of the valve without a median septum.
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This species differs from SyntropTiia harahuensis (Winchell) in its smaller size, less trans-

verse outline, and more pronounced mesial depression on the ventral valve. Some specimens

of the dorsal valves of the two species ai-e very similar. These are shown by Plate CII,

ficrures If and 2c. Some of the shells approach certain forms of S. calcifera, but the larger

number are less convex and more transverse and with more obtuse cardinal angles. A shell

closely allied to S. primordialis , and apparently identical, occurs in the limestone of the Keagan

sandstone of Oklahoma. Only the exterior is known.

Formation and locality.—Upper Cambrian: "St. Croix sandstone" at the following localities: (99) Minneiska

(Miniska), on Mississippi River, near the line between Wabasha and Winona counties; (339d) Taylors Falls, Chisago

County; (84a) at River Junction, Houston County, 20 miles (32.2 km.) below Dresbach, and (339g) just below the

Dikellocephalus minnesotensis beds, near Winona, Winona County; all in Minnesota.

(328k) "St. Croix sandstone" at Roche a Cris Bluff, Adams County, Wisconsin.

(9u) About 195 feet (59.4 m.) above the porphyry contact in the limestones of the Reagan sandstone, in SE. J

NE. i sec. 2, T. 4 N., R. 13 W., 15 miles (24.2 km.) northwest of Fort Sill, Comanche County; and (12n) limestones

•of the Reagan sandstone (in the section 7 miles (11.2 km.) north of Springer this horizon is about 240 feet (73 m.) above

the porphyry contact and 40 feet (12 m.) below the Arbuckle limestone), NW. J sec. 1, T. 2 S., R. 1 E., Ardmore quad-

rangle (U. S. Geol. Survey), Carter County; both in Oklahoma.

(188) Limestones on north side of Tepee Creek, near the road from Sheridan to Dome Lake, Bighorn Mountains,

Sheridan County, Wyoming.

Syntrophia primordialis argia Walcott.

Plate CII, figure 3.

Syntrophia primordialis argia Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 293. (Characterized as below as a new

variety.)

This specimen is separated as a variety of SyntropTiia primordialis (Whitfield) on account

of its less convexity and more shallow median sinus, which has three rudimentary plications in it.

Formation and locality.—Tipper Cambrian: (97) "St. Croix sandstone" at Reads Landing, foot of Lake Pepin,

Wabasha County, Minnesota.

„ Syntrophia rottjndata Walcott.

Plate cm, figures 4, 4a-e.

Syntrophia rotundata Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 293-294. (Described and discussed as below

as a new species.)

General form rotund, unequally biconvex; hinge line short. Surface marked by fine,

concentric strisB and low, imbricating varices of growth. The largest shell observed has a

width of 13 mm.; length, 11 mm. Ventral valve convex at the umbo and beak, but depressed

toward the front by a strong, broad, and deep median sinus. Area low, short, and divided

midway by a relatively large triangular delthyrium. Transverse sections of the umbo near

the beak show the cross section of a well-developed spondylium supported on a median septum.

Dorsal valve about as convex as the ventral on the umbo, but the strong, broad median fold

makes it strongly convex. Cross sections at the umbo show a spondylium and supporting

septum very much like that in the ventral valve.

Observations.—This species is taken as the Cambrian representative of the genus Syri^

tropJiia. It has a spondylium in each valve supported by a median septum in the same manner

as in the Ordovician type of the genus S. lateralis. Its rotund form, deep ventral sinus, and

strong dorsal fold serve to distinguish S. rotundata from other species of the genus.

Formation and locality.—Upper Cambrian: (14k) Limestone on Wolf Creek, 15 miles (24.2 km.) west-south-

west of Sheridan, Bighorn Mountains, Sheridan County, Wyoming.

Syntrophia ? tjnxia Walcott.

Text figure 74, page 805.

Syntrophia? unxia Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 108-109, PI. X, fig. 10. (Discussed

as below as a new species. Fig. 10 is copied on p. 805 as fig. 74.)

This species is represented by a single specimen of the ventral valve from which the

shell has been removed by weathering. The cast of the spondylium shows it to have been



SYNTROPHIID^. 805

of the same type as that of the ventral valve of SyntrojjJiia primordialis (Whitfield) (PI. CII,

figs. 2, 2a-b) and S. barahuensis (Winchell) (PI. CII, figs. 1, la-d). The elongate, rounded
form and scarcely perceptible median sinus serve to distinguish this species from all described

forms.

This is the oldest shell of this tj^pe known to me. It occurs 5,525 feet below the summit
of the Cambrian, in the House Range section. I am not fully satisfied with the generic refer-

ence, but with the data available it can not well be referred to Billingsella

or any other known genus of the Cambrian Brachiopoda.

Formation and locality.—Middle Cambrian: (3x) About 2,200 feet (670.6 m.) above
the Lower Cambrian and 2,200 feet (670.6 m.) below the Upper Cambrian, in the limestones

forming Id of the Marjum limestone [Walcott, 1908f, p. 180], 2.5 miles (4 km.) east of Ante-

lope Springs, in ridge east of A^Tieeler Amphitheater, House Range [Walcott, 1908f, Pis.

XIII and XV], Millard County, Utah.

Genus HTJENELLA Walcott. a
FiGUHE 74.

—

Syntrophia? unxia

Walcott. Ventral valve,

Syntrophia Walcott (in part) [not Hall and Clarke], 1905, Proc. U. S. Nat. Mus., vol. 28, which'The ^diTiThas been

pp. 288-289. (Described and discussed essentially as on p. 798 (under Syntrophia), entirely removed byweatli-

but some of the species included in the genus are now referred to Huenella.) w'^^o^' f '
?^'' '^"^' ^^*'

Huenella Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 109. (Characterized Sx, in the Middle Cambria/
and discussed as below as a new genus.) House Range, Utah. Copied

Huenella Walcott, 1908, idem, No. 4, PL XI, and pp. 142 and 148. (Classification of from^Waloottii90Sd,Pl.x,

genus.)
fig. 10].

This genus is proposed to include the more or less plicate species of the Syntrophiidae that
have heretofore been referred by me to the genus SyntrojjJiia. They differ from SyntropAia
in having a more or less radially plicate surface and sessile or pseudospondylia instead of free

spondylia supported by a median septum. With the exception of Huenella vermontana and
possibly H. etheridgei, all of the species are from the Upper Cambrian.

The shell structure is fibrous, with many minute pores.

Tyjje.—Syntrophia texana Walcott [1905a, p. 294].

The generic name is given in recognition of the thorough and valuable work of Dr. Fr. von
Hoyningen-Huene on the "Silurischen Craniaden."

^. Huenella abnoemis (Walcott).

Text figure 13, page 299; Plate CIII, figures 2, 2a-m.

Not Camerella calcifera Billings, 1861, Canadian Naturalist, 1st ser., vol. 6, No. 4, p. 318. (Referred in this mono-
graph to Syntrophia calcifera.)

Camerella calcifera Meek [not Billings], 1873, Sixth Ann. Rept. U. S. Geol. and Geog. Survey Terr, (for 1872), p.

464 and footnote. (Characterized.)

Syntrophia abnormis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 289-290. (Described and discussed as below
as a new species.)

The general form varies from transverse (PI. CIII, fig. 2) to elongate (fig. 2c). Valves

biconvex, with dorsal very convex in some specimens. Hinge line straight. Surface marked
by concentric striae and imbricating lines of growth crossed by fine, rounded, radiating striae

and a variable number of rounded ribs; specimens occur with four ribs in the sinus of the

ventral valve and four on each slope outside the sinus; in other ventral valves only a trace

of ribs can be seen; among the specimens of the dorsal valve there are shells without a sign

of ribs, figure 2d, and others having from a trace of ribs on the median fold to three ribs on the

fold and traces on the lateral slopes. The largest shell has a length of 7 mm. ; width, 9 mm.
There is great variation in the proportion of the length to the width, as shown by the figures

illustrating the species.

a Prior to the definition of the genus Huendla the species now referred to that genus were described under the following genera:

Camerella Shumard [1861, p. 221]. I Orthis or Ortlusina Etheridge [1905, p. 250].

Camerella Meek [1873, p. 464). | SyntropUa Walcott [1905a, p. 288].
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The ventral valve has a broad, strong sinus that depresses the front of the valve; area

well defined, with a large, open delthyrium. Casts of the interior of the ventral valve show
a well-marked spondylium and very strong main vascular sinuses, figure 2b; both spondjdium

and sinuses recall those of BiUingsella plicateUa (PI. LXXXVI, figs. 3g, 3j). Sections of the

ventral valve, cut across the umbo, show the spondylium attached to the bottom of the valve.

The flabelliform diductor and adductor muscle scars are clearly shown outside of the vascular

sinuses.

Dorsal valve with an elevated median fold that gives a strong convexity to the valve;

area low, with a strong, open delthyrium; the interior of the valve shows a shallow spondylium

attached to the bottom of the valve posteriorly, and probably supported by a low median septum
toward the front (figs. 2i, 2j, section fig. 2m) and well-defined anterior and posterior adductor

muscle scars; narrow main vascular sinuses occur (fig. 2h), and slender vascular lines radiate

forward from the muscle scars (fig. 2f).

Observations.—This species differs from all allied forms in its variation in outline, con-

vexity, ribs, and internal markings. Some shells approach closely to those of Huenella texana

(Walcott) (compare figs. 1 and 2 and figs, lb and 2a, PI. CIII), but each species has a majority

of shells that are quite unlike those -of the other. Another point of resemblance is the form of

the spondylium as shown by cross sections. A variety of H. texana from Cold Creek Canyon,

Texas, has some shells that approach those of H. abnormis in the extravagant development of

the fold on the dorsal valve and sinus on the ventral valve, but in other respects they differ from

it. The form of spondylium and plications or ribs suggests the genus Parastrophia Hall.

This form was an abnormal representative of the genus SyntropJiia, to which it was first

referred, hence the specific name.

Formation and locality.—Upper Cambrian: (153) Limestone in ravine on west side of Dry Creek, near the

mouth of Pass Creek, about 5 miles (8 km.) north of Hillsdale; and (157 and 158) limestone north of East Gallatin

River, near Hillsdale; both on the Threeforks quadrangle (U. S. Geol. Survey), Gallatin County, Montana.

(302p) Middle limestone of the Deadwood formation, near the summit of the Owl Creek Mountains, 18 miles (29

km.) southwest of Thermopolis, Fremont County, Wyoming.
Middle Cambrian: (4j) Limestone at the head of Deep Creek, Yellowstone National Park, Canyon quadrangle {U. S.

Geol. Survey), Wyoming.

^

Huenella billingsi (Walcott).

Plate CII, figures 5, 5a-c.

Syntrophia billingsi Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 291-292. (Described and discussed as below

as a new species.)

General form transversely subquadrate; rounded; biconvex, with the dorsal valve elevated

on the median fold. Surface marked by a few imperfectly developed ribs on some shells, while

others have only concentric strife and lines of growth. Ventral valve with a relatively shallow

median sinus, in which obscure, narrow ribs sometimes occur; none of the specimens in the col-

lection show the area, but from the profile of the valve it must have been of moderate height,

with the rather sharp apex curvmg slightly over it; a single poor cast of the interior shows

the outline of a spondylium much like that of S. primordialis; the evidence of the presence of

a median septvuii is a dark line in front of the end of the cast of the spondylium, which indicates

that the shell substance extends down into the limestone and that it is the median septum.

Dorsal valve with a small umbo and apex that extend forward into a prominent median fold

that may be plicated (PI. CII, fig. 5c) or smooth; one partly exfoliated shell shows three plica-

tions on the fold and three or four on each lateral slope of the valve.

Observations.—This species belongs to the plicate group of the Syntropliiidse represented

by Huenella texana (Walcott) and H. abnormis (Walcott). It differs from H. texana in being

less convex and in having a shallower ventral sinus, less prominent dorsal fold, and more obscure

plications.

The specific name was given in honor of Mr. E. Billings.

Formation and locality.—Middle ? Cambrian: (28a) "St. Albans formation," in limestone lentil about 1 mile

(1.6 km.) east of Parker's quarry, west of Georgia, Franklin County, Vermont.
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HXJENELLA ETHERIDGEI Walcott.

Plate LXXXIX, figures 9, 9a.

Orthis (or Orthisina) sp. Etheridge, 1905, Trans. Roy. Soc. South Australia, vol. 29, p. 2.50, PL XXV, figs. 9 and 10.

(Described as below and discussed. The specimens represented by figs. 9 and 10 are redrawn in this monograph,

PI. LXXXIX, figs. 9 and 9a, respectively.)

Euenella etheridgei Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 109-110, PL X, figs. 13 and 13a.

(Described and discussed as below, copying the original descriptions. Figs. 13 and 13a are drawn from the

specimens represented by figs. 9 and 10 of the preceding reference and are copied in this monograph, PL LXXXIX,
figs. 9a and 9; respectively.)

Doctor Etheridge describes the ventral valve as follows:

Subquadrilateral, convex, the greatest convexity at about midway in the length of the valve, the sinus gradually

deepening and widening toward the front, and bounded laterally by ill-defined folds, one on either side, the surface

sloping away on either side rapidly to the lateral margins, and at a very much less angle within the sulcus; there are

indications of costse on the divaricating folds and in the sulcus.

The hinge features are hidden in matrix, nor is the umbo distinctly visible.

He describes the dorsal valve as follows:

Rotundato-quadrate, the cardinal margin as long as the width of the valve, the surface convex, except on the

dorso-lateral alations, where it appears to be flattened. There is a central, acute, or pinched-up fold, produced forward,

and expanding as it advances. There are indications of the existence of strong, distinct, subradiating cost*.

Whether or no this is the brachial valve of the species represented by the preceding form it is at present impossible

to say; the two occur in the same bed, however.

From the study of the various forms of Huenella described herem, I think that the two

valves belong to one species, and I take pleasure in naming it after Dr. R. Etheridge, jr.

Formation and locality.—^Uiddle ? Cambrian: (315c [Etheridge, 1905, p. 250]) "AichKocyathinse white lime-

stone" at Wirrialpa, Flinders Range, South Australia.

Huenella lesleyi Walcott.

Text figures 75A-C.

Huenella lesleyi Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, p. 110, PL X, figs. 12 and 12a. (Characterized

and discussed as below as a new species. Figs. 12 and 12a are copied in this monograph as figs. 75B and 75A,

respectively.)

Only the exterior of the valves of this species is known. In form and outline it is most

nearly related to Huenella texana (Walcott). It differs from the latter in being broader in

proportion to its length, and in having narrow, radiating, rounded ribs over the entire surface.

" A B
Figure 75.—IIuenellalesletji'Walcott. A, A', Exterior ofpartly exfoliated dorsal valve(U. S. Nat. Mus. Cat. No.52481b). B, Exterior of ventral

valve, the type specimen (U. S. Nat. Mus. Cat. No. 52481a). C, Exterior of ventral valve (U. S. Nat. Mus. Cat. No. 52481c).

The specimens represented are from Locality 54e in Blacksmith Fork Canyon, Cache County, Utah. Figures 75A and 75B are copied from

Walcott [1908d, PI. X, figs. 12a and 12, respectively].

This is probably the oldest Huenella. It occurs 1,025 feet (312.4 m.) below the summit of

the Upper Cambrian. Billingsella coloradoen^is (Shumard) and Lingulella manticula (White)

occur in the same bed of limestone.

The specific name is given in honor of the late Dr. J. P. Lesley, state geologist of Pennsylvania.

Formation and locality.—Upper Cambrian: (54e) About 200 feet (61 m.) above the Middle Cambrian and

1,025 feet (212.4 m.) below the top of the Upper Cambrian in limestones forming 3 of the St. Charles formation [Walcott,

1908f
, p. 193], in Blacksmith Fork Canyon, about 10 miles (16.1 km.) east of Hyrum, Cache County, Utah.
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HUENELLA ORIENTALIS (Walcott)

.

Plate CIV, figures 3, 3a-b.

Syntrophia orientalis Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 292. (Characterized and discussed as below as

a new species.)

This species is closely related in form and surface characters to Huenella texana (Walcott)

and some forms of H. abnormis (Walcott). It differs from them in details of surface ribs. On

ihe dorsal valve there are two or three faintly defined radiating ribs on each side of the median

fold, which has obscure ribs upon it. Corresponding ribs occur upon the mesial depression of the

ventral valve and the side slopes adjoining the depression. The material representing it is too

limited to warrant an identification with any described species. H. orientalis is the trans-

Pacific representative of H. texana.

Formation and locality.—Upper Cambrian: (C64) Upper limestone member of the Kiulung group [Black-

welder, 1907a, pp. 37 and 42 (first list of fossils), and fig. 10 (bed 20), p. 38] 2.7 miles (4.3 km.) southwest of Yenchuang,

Sintai district. Shantung, China.

Huenella texana (Walcott).

Plate cm, figures 1, la-i.

Camerella sp.? Shumard, 1861, Am. Jour. Sci., 2d ser., vol. 32, p. 221. (Mentioned; see below forcopy.)

Syntrophia texana Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, p. 294. (Original mention copied and species dis-

cussed as below as a new species.)

This may be called the plicate representative of the group of species referred to the Syntro-

phiidse. It is intimately connected with the smooth forms by a series of shells that vary from

16 ribs on a valve to 1; the extremes are shown by Plate CIII, figures Id and le. In form

H. texana is much like H. abnormis (Walcott); also in the cross section of its spondylium.

They differ in the extravagant development of the plications of H. texana, a feature characteristic

of a large series of specimens.

The average size of the larger shell is width, 8 mm.; length, 6 to 7 mm .

It is probable that this is the shell referred to by Dr. Shumard [1861, p. 221] as Camerella

sp. ?. He said of it:

There are several specimens of a small brachiopod in the Texas state collection, from the Potsdam sandstone of

Morgans Creek, Burnet County, which appear to belong to the genus Camerella recently created by Mr. E. Billings.

Unfortunately, however, they consist merely of detached and imperfect valves too much weathered for satisfactory

determination and description.

Formation and locality.—Upper Cambrian: (68) Interbedded sandstone and limestone, Packsaddle Mountain,

Llano County; (71) limestone in Cold Creek Canyon, Burnet County; and (69) limestone near Honey Creek, Burnet

County; all in Texas.

Huenella texana LiEviuscuT.ua (Walcott).

Syntrophia texana Ixviusculus Walcott, 1905, Proc. U. S. Nat. Mus., vol. 28, pp. 294-295. (Characterized and dis-

cussed as below as a new variety.)

A variety occurs in Texas with a few traces of plication in the sinus; and with one, two,

or three strong plications on the dorsal fold, or none at all; it approaches Huenella abnormis

(Walcott) in some of its extreme forms where the ribs are large on a prominent mesial fold.

In most young shells the sinus and fold are inconspicuous, the convexity is very moderate,

and the shell smooth; nearly all the characters of the adult are missing.
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A group of young shells from Honey Creek shows only the smooth, slightly convex forms,

with only slight ventral sinus and dorsal fold. One larger shell associated with the young

shells has a relatively deep sinus and a trace of a plication.

Formation and locality.—Upper Cambrian: (69) Limestone near Honey Creek; and (71) limestone in Cold

Creek Canyon; both in Burnet County, Texas.

u HUENELLA VEEMONTANA n. Sp.

Text figure 76.

It is somewhatThis species is represented by a single- specimen of the two valves united

imperfect near the beaks.

Valves moderately and about equally convex, with

the dorsal valve subcircular in outline and the ventral

more elongated at the beak. Hinge short; cardinal

angles rounded.

Surface marked by low, concentric ridges of growth

and numerous fine, rounded, radiating ridges that in-

crease in number from the umbo to the margin by
both bifurcation and interpolation of new ridges. A
low, moderately broad sinus occurs on the anterior half

of the ventral valve and a narrow median fold on the

dorsal valve. Wliere the surface of the shell is exfo-

liated the shell appears to be minutely punctate.

The ventral valve has a length of 11 mm. ; width, 9 mm.
is 6 mm.

Observations.—This shell differs from all known species of Huenella by its finely ribbed

surface. In this respect it recalls Swantonia antiquata (Billings) (PI. CIV, fig. 5). It occurs

in association with Paradoxides in an intraformational conglomerate.

Formation and locality.—Middle Cambrian : (319s) "St. Albans formation," at St. Albans, Franklin County,

Vermont.

Genus CLARKELLA Walcott.

«

A
Figure 76.

—

Huenella vermontaTUt n. sp. A, Ventral

view of a specimen. A', Dorsal view of same speci-

men. A", Side view of the same specimen, showing

the two valves united.

The specimen is from Locality 3193, near St. Al-

bans, Vermont (U. S. Nat. Mus. Cat. No. 58312).

The convexity of the two valves

Clarhella Walcott, 1908, Smithsonian Misc. Coll., vol. 53, No. 3, pp. 110-111

as a new genus.) i

Clarkella Walcott, 1908, idem, vol. 53, No. 4, PI. XI, and pp. 142 and 148

(Described and discussed as below

(Classification of genus.)

General form rotund, unequally biconvex. Surface smooth or marked by concentric striae

and lines of growth. Ventral valve convex at the umbo and with a strong, broad median

sinus; area low and divided by a relatively large delthyrium. Dorsal valve convex at the

umbo, which is extended forward into a strong, broad median fold. Cross sections of the

valves near the apex and beneath the umbo show a spondylium supported by four or more

septa that divide the umbonal cavity into five chambers.

Thin sections of the shell of the type species show it to be fibrous and with many minute

pores arranged in lines radiating from the beak to the front and side margins of the valves.

Type.—PolytcecMa? montanensis Walcott.

This genus is known only by the type species from the Lower Ordovician of Montana. It

is distinguished from. PoJyiwcMa Hall and Clarke [1892c, p. 239] by an open delthyrium, smooth

surface, and presence of septa and spondylium in tlie dorsal valve. It differs from Syntrophia

and Huenella in having several septa supporting the spondylium, and also from Huenella in

having a smooth nonplicate surface.

The generic name is given in recognition of the work of Prof. Jolm M. Clai'ke, of the Geo-

logical Survey of New York, in connection witli Prof. James Hall, on the fossil Brachiopoda.

a Prior to the definition of the genus Clarkella the type species was placed under PolytacUa [Walcott, 1905a, p. 295].
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Clarkella montanensis (Walcott).

Plate CIV, figures 2, 2a-<i.

Polytcechiaf montanensis Walcott, 1905, Proc. TJ. S. Nat. Mus., vol. 28, pp. 295-296. (Characterized and discussed

as below as a new species.)

This shell was placed with Camerella calcifera until sections were made showing the

numerous septa supporting the spondylium and cruralium. In general form it is close to

SyntropMa rotundata Walcott, differing in the numerous supporting septa of the spondylium

which divide the umbonal cavity into five chambers. The material available for study does

not show the area in very good preservation; a delthyrium exists in the area of the ventral

valve, which is all that can be said.

This species appeal's to be a direct descendant of the smooth, convex forms of SyntropMa,

like S. rotundata.

FoKMATioN AND LOCALITY.—Lowei Oidovician : (302j) Limestone on the east side of West Gallatin (Gallatin)

River, above Gallatin, Gallatin County, Montana.
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of lumping all references together, or the page reference which will be used in the future synonymy of the genus or
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than mentioned on the page given.

References to the description of certain features of a species or to comparisons with other species are indexed only
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Abe Lincoln mine, near Pioche, Nevada, locality at 3

Abington quadrangle, Massachusetts, locality in 321

Ableman, "Wisconsin, locality at 321

ahnormis , see Huendla.

Abrigo limestone (Middle Cambrian)^ locality in 1

Acadian, generalized section of,listing species and localities 132-1
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Acerocare zone, in generalized section for Sweden, Denmark, Fin-

land, and Norway, listing species and localities 1

locality in 30
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Acrothele bellula, described 637

cardinal area discussed 305

compared with Acrotreta definita 631

discussed 631

general geographic and stratigraphic distribution

tabulated 106

pedicle tube discussed. 314

surface discussed 632

type specimen figured PI- LVIII, fig. 5

!i, described 638

compared with Acrothele coriacea 643

Sotsfordia ? harraniei 603

discussed 633

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

type specimen figured PI- LVIII, flg. 6c

bohemica, described 639

compared with Acrothele bergeroni 638

Acrothele coriacea 643

Acrothele quadrilineata 655

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

type specimen figured PI. LVII, fig. 1

borgholmensis, described 639

compared with Acrothele ceratopi/garum 640

Acrothele turneri 660

general geographic and stratigraphic distribution

tabulated 105
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type specimen figured PI. LXIII, figs. 2 and 2a

ceratopggarum, described 640
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discussed 634
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,
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type specimen figured PI. LXIII, figs. 1 and la

colleni, described 640

compared with Acrothele panderi 651
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lated 105

in group based on surface characteristics 632

type specimen figured PI. LXIII, fig. 6

coriacea, described 642

compared with "Acrothele barbata" 640

Acrothele bergeroni 638

Acrothele bohemica 639

Acrothele colleni 641

Acrothele intermedia 646
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ulated 105

in group liased on surface characteristics 632

surface ornamentation discussed 302, 632

type of Acrothele 632

type specimen not figured.

decipiens, described 644

general.geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

stratigraphic position mentioned 318

type specimen figured PI. Lvni, fig. 3a

dichotoma, described 644

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 633

type specimen figured PI. LX, fig. 2

Acrothele gamagei, described 645

general geographic and stratigraphic distribution tab-

ulated - 105

in group based on surface characteristics 632

type specimen not figured.

granulaia, type of Acrothele (Eedlichella) 632,663

"cf. granulala Matthew," discussed 648-649

intermedia, described 646

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

type specimen figured PI. LVI, figs. 3 and 3a

levisensis, described 646

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

type specimen figmed PL LXXXI, fig. 12

maculata, described •- 647

compared with Acrothele villaboimensis 660

general geographic and stratigraphic distribution tab-

ulated 105
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type specimen figured PI. LVII, fig. 2b

matthewi, described 647

compared yfiih Acrothele avia 635

Acrothele avia puteis '636

Acrothele coriacea 643

Acrothele decipiens 644

A crothele gamagei 645

Acrothele Tnatthewi muUicostata 650

Acrothele nitida 651

Acrothele pretiosa 652

A crothele prima 653_

Acrothele prima costata 653

Acrothele subsidua 658

Acrothele yorkensis 661

Acrothele (Eedlichella) granulala 632

Botsfordia cxlata 632

Botsfordia granulaia 632

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

surface discussed 632, 633

type specimen figured PI. LXI, flg. la

varieties discussed 649

"matthewi costata " discussed 649

matthewi eryx, described 649

compared with Acrothele coriacea 643

Acrothele matthewi 649

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

type specimen figured PI. LXI, fig. 2

matthewi lata, described 649

discussed 649

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

type specimen figured PI. LXI, fig. 3

matthewi muUicostata, described 650

compared with A crothele Tnatthewi 648

Acrothele prima costata 654

discussed 649

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

surface ornamentation discussed 302

type specimen not figured.

" matthewi prima,' ' discussed 649

? minuta, described 650

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

type specimen figured PI. LXIII, fig. 3

nitida, described 650

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

type specimen figured PI. LVIII, fig. 4
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A crothele panderi, described 651

general geographic and stratigraphic distribution tabu-

lated 105

in group based on surface characteristics 632

type specimen figured PI. LIX, fig. 5

pretiosa, described 652

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

stratigraphic position of beds containing, discussed . .

.

705

type specimen not figured.

prima, described 653

compared with Acrothele avia 636

AcTothcIe bohemica 639

A cTothcle prima coHata 653

A crotkelc proles 655

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

surface discussed 633

type specimen figured PL LXI, fig. 6

prima costata, described 653

compared with ^1 crotheh artemis 634

Acrothefe bohemica 639

A crothele mattheioi muUicostata 650

A crotheh prima 652

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

surface ornamentation discussed 302, 633

type specimen not figured.

primxva, described 654

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 633

type specimen figured PI. LVII, fig. 6

proles, described 654

compared with. Acrothele avia .* 636

A crothele matthewi 64S

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

type specimen figured PI. LXII, fig. 4

quadrilineata, described 655

compared with Acrothele bergeroni 638

Acrothele coriacea 643

Acrothele primseva 654

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

type specimen figured PI. LVII, fig. 5

rara, described 655

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 633

type specimen figured PI. LXIII, fig. 4

spurri, described 656

compared with A crothele subsidua 658

Acrothele subsidua hera 659

A crothele turneri 660

A crothele woodworthi 661

general geographic and stratigraphic distribution

tabulated 105

in group based on surface characteristics 632

type specimen figured PI. LX, fig. 3

subsidua, described 656

compared with Acrothele dichotoma 645

A croth cle maculata 647

A crothele rara 655

Acrothele spurri : 656

Acrothele subsidua hera 659

Acrothele subsidua laevis 659

Acrothele turneri 660

Acrotreta idahoensis 633

Acrotreta sagittalis taconica 633

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

surface ornamentation discussed 302

type specimen figured PI. LX, fig. 1

Acrothele subsidua hera, described 659

general geographic and stratigraphic distriliution tab-

ulated 105

in group based on surface characteristics 632

tjTje specimen figured PI. LX, fig. 9

subsidua Isevis, described 659

compared with A crothele subsidua 658

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

type specimen not figured.

turneri, described. : 660

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

type specimen figured PI. LX, fig. 7

villaboimensis, described 660

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 633

type specimen not figured.

woodworthi, described '.

661

compared with A crothele spurri 656

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

stratigraphic position mentioned 318

type specimen figured Pi. LX, fig. 6
yorkensis, described 661

compared with Acrothele sp. undt. a 662

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 632

type specimen figured PI. LIX, fig. 4

sp. undt. a, described 662

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 633

type specimen figured PI. LXIII, fig. 5

sp. undt. Moberg, described 662

general geographic and stratigraphic distribution tab-

ulated 105

in group based on surface characteristics 633

Acrothele (RedHchella) , described 662

cardinal area discussed 305

classification of. 321, 324

evolution of 317
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species referred to 105
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Cambrian species and varieties of m
intermediate between Botsfordia and Acrothele 663

number of species of, in different t3T)es of sediment. .

.

160

type species ^'Acrothele granulata" 632,663

granulata, described 663

compared with Acrothele bellapunctata 637

Acrothele bohemica 639

A crothele coriacea 643

Acrothele intermedia 646

Acrothele matthewi 632, 648

Acrothele panderi 651

Acrothele rara 655

Acrothele subsidua 658

A crothele yorkensis 662

Botsfordia granulata 602

general geographic and stratigraphic distribution

tabulated 105

intermediate between Acrothele coriacea and Botsfordia

granulata 663

surface of, confused with that of Acrotreta socialis 712

surface ornamentation discussed 302

type specimen not figured.

Acrothelina;, classification of 321, 324

genera and species referred to, described 630-665

A crothyra, described .- 715

cardinal area discussed 305

classification of. 321, 324

compared with A crothele and Acrotreta 313

Acrotreta? cancellata 679

Disdnopsis 721
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A crof/iyra—Continued

.

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution otthe

species referred to 106

general stratigrapliic distribution and number of

Cambrian species and varieties of lU

number of species of in different types of sediment 160

pedicle tube discussed 314

position assumed by shells in settling to the bottom

discussed 716

reference to, of Acrothyra minor discussed 717

reference to, of Acroireta inflata discussed 691

reference to, of some of Matley's species discussed 703

surface ornamentation discussed 301, 302

type species "Acrotrrta proavia " 716

vascular markings discussed 311

minor, described 717

general geograpliic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXXVI, fig. 4

proavia ,
described 717

compared with Acrothyra signata 719

Acrothyra signata orta 719

general geographic and stratigraphic distribution

tabulated 108

position assumed by shells in settling to the bottom

discussed ^1"

type specimen not figured.

varieties discussed 716

"proavia crossa," discussed 717

"proavia pritni," discussed 717

sera, described 718

compared with A crotliyra signata prima 720

general geographic and stratigrapliic distribution

tabulated 106

species and varieties referred to, discussed 716

type specimen not figured.

signata, described 719

compared with A crothyra proavia 718

A crothyra sera 718

Acrothyra signata orta 719

Acrothyra signata prima 720

general geographic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXXX, fig. 1

varieties discussed 716

signata orta, described 719

general geograpliic and stratigrapliic distribution

tabulated 106

type specimen figured PI. LXXX, fig. 3a

signata prima, described 720

general geographic and stratigrapliic distribution

tabulated 106

type specimen figured PI- LXXX, fig. 2

[ sera," compared with "Acrotreta papiUata" 716

reference to Acrothyra sera discussed 716,718

"signata tarda," reference to Acrothyra sera discussed 716,718

Acrotreta, described 671

cardinal area discussed 305

classification of 321, 324

compared with A crothele 314, 631, 633

Acrothcle and ^ crothyra 313

A crothele decipiens 644

Acrothcle matthewi 648

Acrothcle (Redlichella) granulata 712

Acrothyra 716

Botsfordia 602

Diccllomus 312. 672

Discinolepis granulata 664

Linnarssonella 665

Linnarssonella minuta 668

Quebecia 611

Schizopholis 314,602,608

evolution discussed 319

evolution of ^ 317

general geographic and stratigraphic distribution of

the species referred to 105-106

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

Acroireta—Continued.

geograpliic and stratigrapliic distribution discussed . . 674

mentioned 312, 527, 686, 687, 715

muscle scars discussed 312

number of Ordovician species and varieties of 113

number of species of, in different types of sediment. . 160

oldest species 701

only species from upper Mississippi Valley 711

pedicle tube discussed 314

position assumed by shells in settling to the bottom
discussed 716

reference to, of Acrotreta inchoans discussed 690

reference to, of Acrotreta inflata discussed 691

reference to, of some of Matley's species discussed 703

surface ornamentation discussed 301, 302, 674

type species Acrotreta subconica 673

argenta, described 674

compared with Obolclla : 673

Obolus 673

general geographic and stratigraphic distribution

tabulated 105

muscle scars discussed 313

type specimen figured PI. LXVII, fig. 6b

oftereuate, described 675

compared with Acrotreta deflnita 683

Acrotreta gemma 685

Acrotreta idahoensis alta 689

Acrotreta kutorgai 692

Acrotreta microscopica missouriensis 694

Acrotreta ophirensis 697

Acroireta priwseva 700, 701

false area in, discussed 674

general geographic and stratigraphic distribution

tabulated 105

position assumed by shells in settling to the bottom

discussed 716

type specimen figured PI. LXIV, fig. 1

aitenuata var.?, described 676

general geographic and stratigraphic distribution

tabulated 105

type specimen figured PI. LXV, fig. 2

babel, described 676

general geographic and stratigraphic distribution tab-

ulated 105

type specimen figured PI. LXXVII, figs. 6 and 6a

baileyi. described 676

discussed 673

general geographic and stratigraphic distribution tab-

ulated 105

type sp3cimen figured PI. LXXVII, fig. 2

bellatula, described 677

general geographic and stratigraphic distribution tab-

ulated 105

type specimen figured PI. LXXVm, fig. 4

belli, described 678

general geographic and statigraphic distribution tab-

ulated 105

type specimen figured PI. LXXVII, fig. 8

bisecta. described 678

compared with A crotreta kutorgai 692

Acrotreta sabrinx 703

Obolus ( Wesionia) ella 674

general geographic and stratigraphic distribution tab-

ulated 105

type specimen not figured.

?? cancellata, described 679

general geographic and stratigraphic distribution tab-

ulated 106

surface ornamentation discussed 302, 672

tj-pe specimen figured PI. LXXIX, fig. 6

carinata , described 679

compared with Acrotreta circularis 680

general geographic and stratigraphic distribution tab-

ulated 105

type specimen figured text figs. 56A-C, 680

circularis, described 680

compared with Acrotreta carinata 680

general geographic and stratigrapliic distribution tab-

ulated 105

type specimen figured text figs. 57A-D, 680
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Acrotreta claytoni, described 680

general geographic and stratigraphic distribution tab-

ulated 105

surface features mentioned . - 672

t>'pe specimen figured PI. LXXIV, fig. 3

concentrica, described 681

general geographic and stratigraphic distribution tab-

ulated 105

type specimen figured PI. LXXVII, fig. 1

conula, described 681

general geographic and stratigraphic distribution tab-

ulated lOG

type specimen figured PI. LXXV, fig. 2b

convexa, described 682

compared with Acrotreta gemmula 686

general geographic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXVI, fig. 6

" ? costata,^' discussed 674

cuTvata, described 682

cardinal area discussed 305

compared with A crotreta idakoensis 6SS

A cTotreta microscopica 693

Acrotreta ophirensis 697

A crotreta sagittalis transversa 673

A crotreta ulricki 714

general geographic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXVIII, fig. la

definita, described 683

cardinal area discussed 305

compared with A crotreta bellatula 678

Acrothele bellula 631, 637

A crotreta rudis 702

general geographic and stratigraphic distribution

tabulated ., 106

type specimen figured PI. LXrV,fig. 2c

depressa, described 683

compared -with Acrotreta definita 683

A crotreta rudis 702

general geographic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXVI, fig. 8

eggegrundensis, described 684

general geographic and stratigraphic distribution

tabulated 106

stratigrapliic position of bowlder containing 454, 864

type specimen figured PI. LXX, figs. 2a-c

emmonsi, described 684

general geographic and stratigraphic distribution

tabulated 106

stratigraphic position mentioned 318

type specimen figured PI. LXV, fig. 6

gemma, described 685

compared with Acrotreta depressa 683,684

A crotreta ovalis 699

A crotreta schmalenseei 709

discussed 673

general geographic and stratigraphic distribution

tabulated 106

mentioned 675, 691

species referred to mentioned 673, 689

type specimen figiued PI. LXVI, fig. 1

gemmula, described 686

compared with A crothyra proavia 717

Obolus C Westonia) ella 674

general geographic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXVI, fig. 3a

gracia, described 687

general geographic and stratigraphic distribution

tabulated 106

type specimen figured PI. LXVI, fig. 5a

" tguliclmi," type oi Discinopsis 720

zdahoensis, described 687

compared -with. Acrothele suhsidua 633

Acrotreta argenta 674

Acrotreta curvata 682

Acrotreta

Acrotreta idahoensis—ContinuQd.

compared with A crotreta eggegrundensis .,.., 6

Acrotreta emmonsi. 6

Acrotreta cf. idakoensis.. 6

Acrotreta idakoensis alta C

Acrotreta marjumensis f

Acrotreta microscopica C

A crotreta microscopica tetonensis f

Acrotreta neboensis .,
f

A crotreta pyxidicula /

A crotreta signalis 'i

Acrotreta spinosa 't

false area in, discussed (

general geographic and stratigraphic distribution tab-

ulated -

position assumed by shells in settling to the bottom

discussed '

stratigraphic distribution mentioned (

type specimen figured PI. LXV, fig.

cf. idakoensis, described i

general geographic and stratigraphic distribution

tabulated ;

idakoensis alta, described i

compared with Acrotreta attenuata i

Acrotreta depressa 683, i

Acrotreta gemma <

Acrotreta idakoensis sulcata i

Acrotreta pacifica

general geographic and stratigraphic distribution

tabulated

stratigraphic distribution mentioned

type specimen figured PL LXV, fig.

idakoensis sulcata , described

compared with A crotreta lisani

A crotreta uplandica

general geographic and stratigraphic distribution

tabulated

type specimen figured PI. LXV, fij

indkoans, described

general geogi-aphic and stratigraphic distribution

tabulated

type specimen figured PI. XV, fi

inflata, described

compared with A crotkyra minor . . , ,

Obolus ( Westonia) ella

general geographic and stratigraphic distribution

tabulated .,

type specimen figured PI. LXXVI, fi

"inflata ovalis," discussed

liutorgai, described

cardinal area discussed

compared with Acrotkele bellula

Acrotreta attenuata

Acrotreta concentrica

Acrotreta eggegrundensis

Acrotreta sagittalis transversa

deltidium discussed

general geographic and stratigraphic distribution tab-

ulated

type specimen figured PI. IvXV, fig

lisani, described

general geographic and stratigraphic distribution tab-

ulated

type specimen figured PI. LXVIII, figs. 3,

2

marjumensis, described

cardinal area discussed

general geographic and stratigraphic distribution tab-

ulated

type specimen figured PI. LXXVIII, fi

microscopica, described

compared with Acrotreta microscopica missouriensis . ,

.

A crotreta microscopica tetonensis

Acrotreta ovalis

Acrotreta schmalenseei

Acrotreta sJiantungensis

Acrotreta signalis

false area in, discussed

general geographic and stratigraphic distribution tab-

ulated

type specimen not figured.
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Acroireta microscopica missounetisis, described 694

general geographic and stratigrapliic distribution tab-

ulated 106

type specimen figured PI. LXVII, fig. 4

microscopica tetonensis, described 694

compared with Acrotrda microscopica missourieims. . . 694

general geographic and stratigrapbie distribution

tabulated 106

type specimen figured PI. LXVII, fig. 3

minima, described 695

general geographic and stratigrapbie distribution

tabulated 106

type specimen figured PI. LXXVII, fig. 7

misera, described 695

compared with Acrotrcta curvata 673

Acrotrcta Icutorgai 673

A crotreta schmalcnseei 673

general geographic and stratigrapbie distribution

tabulated 106

type specimen not figured.

Tieboensis, described 695

compared with A crotreta marjumensis 693

general geographic and stratigrapbie distribution

tabulated 106

type specimen figured PI. LXXVII, fig. 9a

nicholsoni, described 696

cardinal area discussed 303

general geographic and stratigrapbie distribution

tabulated 106

t5T)e specimen figured PI. LXXIII, fig. 1

" cf. nicholsoni Matley," discussed 703

TWT, described 696

general geographic and stratigrapbie distribution

tabulated 106

type specimen figured PL LXXVII, fig. 10

f£landica, described 697

general geographic and stratigrapbie distribution

tabulated 106

t^-pe specimen not figured.

ophirensis, described 697

cardinal area discussed 305

compared with Acrotrcta microscopica missouriertsis . . 694

Acrotrcta cf. ophirensis 698

Acrotrcta ophirensis dcsccndcns 698

Acrotrcta ophirensis rugosa 699

general geographic and stratigrapbie distribution tab-

ulated 106

muscle scars discussed 313

type specimen figured PI. LXXW, fig. 1

cf . ophirensis, described 698

general geographic and stratigrapbie distribution tab-

ulated 106

ophirensis dcsccndcns, described 698

cardinal area discussed 305

general geographic and stratigrapbie distribution tab-

ulated 106

tj-pe specimen figured PI. LXXVIII, fig. 1

opliircTisis rugosa, described 699

general geographic and stratigrapbie distribution tab-

ulated 106

type specimen figured PI. LXXIV, fig. 2a

ovalis, described 699

discussed 685

general geographic and stratigrapbie distribution tab-

ulated 106

t5T)e specimen figured PI. LXVI, figs. 2, 2a-b

pacifica, described 699

general geogi'aphic and stratigrapliic distribution tab-

ulated 106

type specimen figured PI. LXIX, figs. 6 and 6a

"papillata," compared with ''Acrothyra signata sera" 716

reference to A croihyra sera discussed 716, 718

"papillata lata," reference to Acrothyra sera discussed 716,718

"papillata prima," reference to Acrothyra sera discussed.. 716,718

parvula, described 699

general geographic and stratigrapbie distribution tab-

ulated 106

type specimen not figured.

Acrotrcta primseva, described 700

compared with Acrotrcta claytoni 681

Oholus (Wcstonia) ella 672,674

general geographic and stratigrapliic distribution tab-

ulated 106

one of largest species 674

stratigrapbie position mentioned 318

type specimen figured PI. LXI, fig. 1

"proavia," type of Acrothyra 716

pyxidicula, described 701

general geographic and stratigrapbie distribution tab-

ulated 106

stratigrapbie distribution mentioned 674

type specimen figured PI. LXIX, fig. 2f

'^Tccurva," type species of Volborthia 366

rudis, described 702

general geographic and stratigrapliic distribution tab-

ulated 106

t3T)e specimen figured PI. LXV, fig. 3f

described 702

compared with A crotreta bisccta 679

Oholus ( Westonia) ella 674

general,geograpbic and stratigrapbie distribution tabu-

lated 106

type specimen figured PI. LXXIII, fig. 5b

malverncnsis," discussed 703

saggittalis, described 704

compared with Acrotrcta baileyi 677

A crotreta hellatula 678

Acrotrcta belli 678

Acrotrcta convexa 682

A crotreta curvata 673

Acrotrcta inflata 691

A crotreta kutorgai 673

A crotreta pacifica 700

Acrotrcta cf. sagiitalis 706

Acrotrcta sagiitalis magna 706

Acrotrcta sagiitalis taconica 707

Acrotrcta sagittalis transversa 70S

Acrotrcta schmalcnseei 673

Schizopholis 609

general geographic and stratigrapbie distribution tabu-

lated 106

type specimen not figured.

cf. sagittalis, described 706

general geographic and stratigrapbie distribution tabu-

lated 106

sagittalis magna, described 706

compared with A crotreta baileyi 677

A crotreta ef. socialis 712, 715

A crotreta sp. undt 715

discussed 687

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXVI, fig. 4b

sagittalis taconica, described 707

compared with A crothele subsidua 633

Acrotrcta baileyi 677

general geographic and stratigrapbie distribution tabu-

lated 106

type specimen figured PI. LXXI, fig. le

sagittalis transversa, described 70S

compared with Acrotrcta baileyi 677

Acrotrcta curvata 673

Acrotrcta kutorgai 673

Acrotrcta sagittalis magna 706

A crotreta schmalcnseei 673

general geographic and stratigrapbie distribution tabu-

lated 106

type specimen not figured.

schmalcnseei, described 709

compared with A crotreta ovalis 699

Acrotrcta sagittalis transversa 673

Acrotrcta seebachi 710

Acrotrcta socialis 712

general geographic and stratigrapbie distribution tabu-

lated 106

type specimen figured PI. LXX, fig. la
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A crotreta seebachi, described 710

compared with Acjotreta carinaia 680

AcrotTeta circularis 680

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXXVII, fig. 3

skantuTigcnsis, described 710

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXIX, figs. 5, 5a-b

sigrmlis, described 711

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXIX.flg. 4

"sipo," discussed 679

socialu, described 711

association mentioned 340

compared with Acrotreta cariTiata 680

Acrotreta schinalenseei 709

Acrotreta seebachi 710

Acrotreta sp. undt 715

discussed 703

lalse area in, discussed 674

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXXIII, figs. 3 and 3a

sociaiis Gronwall, discussed 712

socialis Linnarsson, compared with Acrotreta socially von
Seebach 709

discussed 712

sociaiis von Seebach, compared with Acrotreta sociaiis Linn-

arsson 709

ct. sociaiis Matley, discussed 703

cf. sociaiis Matthew, discussed 712

spinosa, described 713

general geographic and stratigraphic distribution tabu-

lated 106

surface ornamentation discussed 302, 672

type specimen figured PI. LXXIX, fig. 4b

subconica, described 713

compared with Acrotkele coriacea 642

Acrotreta gemma 685

Acrotreta schmalenseei 709

Acrotreta sociaiis 712

false area in, discussed 674

general geographic and stratigraphic distribution tabu-

lated 106

interior unknown 673

type of ^ crotreta 673

type specimen figured PI. LXXIII, figs. 2f and 2g

ulricki, described 714

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXXVIIT, fig. 3

uplandica, described 714

general geographic and stratigraphic distribution tabu-

lated 106

type specimen figured PI. LXX, figs. 3, 3a-b

uplandica limbensis, described 714

compared with Acrotreta uplandica 715

general geographic and stratigraphic distribution tabu-

lated ,... 106

type specimen figured PI. LXX, figs. 4, 4a-b

sp. imdt., described 715

discussed 712-713

general geographic and stratigraphic distribution tabu-

lated 106

type specimen not figured.

sp. undt. Westerg3,rd, described 715

general geographic and stratigraphic distribution tabu-

lated 106

type specimen not figured.

Acrotretacea, classification of 321, 324

distribution in Cambrian strata 316

genera and species referred to, described 630-721

Acrotretida;, classification of 321, 324

distribution in Cambrian strata 315,316

genera and species referred to, described 630-721

62667°—VOL 51, pt 1—12 52

Acrotretidse—Continued.

general stratigraphic distribution and number of Cambrian
genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

number of Ordo\ician genera and species in monograph 113

Acrotretina;, classification of 321, 324

genera and species referred to described 665-721

acuminata, see Lingulella (Lingulepis),

acuminata meeki, see Lingulella (Lin^ulepis).

acuminata sequens, see Lingulella (Lingulepis).

acuminatus, see Obolus (Sckmidtia).

acutaTigula, see Lingulella.

Adairsville, Georgia, locality at 96x

Adams, Frank D., acknowledgments 12

Adams County, Wisconsin, localities in 99a, 328k

Adams Hill, Eureka district, Nevada, localities at 63, 63

Addison County, Vermont, locality in 227

Adductor muscles, defined 292

Adrados, Spain, locality near 350

advenus, see Obolus.

affinis, see Obolus (Lingulobolus).

Agassiz, Alexander, acknowledgments 12

Age, characters of old age discussed 315

agnostorum, see Lingulella.

Agnostus, association mentioned 349, 767

mentioned 501

fallal, association mentioned 531

gibbus, association mentioned 531

interstrictus, association mentioned 658

iruyensis, association mentioned 499

Ixvigatus, association mentioned 476, 700

Ixvigatus zone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing

species and locahties 145

localities in 310q, 320b, 320r, 320u, 321p

parvifrons zone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing

species and localities 146

locality in 334d

punctuosus, association mentioned 498

A graulos sociaiis, association mentioned 498

agreste, see Eoorthis.

ismolla, Sweden, locality at 309e

Cambrian species of, listed 114-119

generalized section of Cambrian in, Usting included and cor-

related species and locahties 147

localities in 16, 17b, 56c, 56o, 56q, 56u, 89, 90, 90a, 90b, 90c,

90x, 91, 92x, 93, 93a, 93n, 93o, 93x, 94, 94a, 94o, 94x, 94xx,

95a, 137, 138, 139, 139a, 140, 141, 142, 144e, 145, 146, 146f, 361

alabamaensis, see Micromitra.

dlandensis, see Obolus (Westonia).

Aland Island, Finland, localities on 311d-f , 311q-t, 311w-y
alata, see Syntrophia.

Albany, New York, locality near 72

Alberta, Cambrian species of, listed 114-119

localities in 35d, 35e, 35g, 35h,

57o, 57d, 57g, 57k, 57s, 57y, 58f, 581, 58t, 58w, 68z, 60b

species and localities in, correlated with those of British

Columbia 125-131

alberta, see Nisusia.

Albertella helena, mentioned 641

Albertella Helena fauna, mentioned 457

Alemtejo, Portugal, locality in 351

Alexandria Bay, New York, locality near 338j

Allamakee County, Iowa, locality in 341

Allan, J. A., Upper Cambrian formations named by 125

work on Carabro-Ordovician boundary in British Columbia. 125

AUumette Island, St. La\\Tence River, Canada, locality on 319p

Alma, "Wisconsin, locality at 328c

Alpha Station, Nevada, locality near 313c

alta, see Acrotreta idahoensis.

Altenhof , Esthonla, Russia, locality at 337e

Alum slate (Upper Cambrian), locality in 310s

Alunbruk (alum works), Oeland Island, Sweden, localities at 309],

309m, 320q, 321x, 390

Amargosa River, California, localities cast ^i 141, 14n, 14o, 14p

Amberson, Alabama, locality near. 93a
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amhigua, see Elkania.

Ami, Henry M., acknowledgments 12

bibliographic reference 13

species named for 731

amii, see Nisusia (Jamcsella).

Amis post office, Tennessee, locality near 121a

Amour, see Point Amour.
ampla, see Lingulella.

anceps, see Obolus.

ancillus, see Obolus.

Anderson County, Tennessee, localities in 7d, 374a

Andrarum, Sweden, localities at 8w,

3101, 320c, 320f, 3201, 320o, 320x, 321y, 390o

Andrarum limestone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 145

localities in 320c,334b, 334e

"Annelid sandstone," mentioned 539

anomala, see Wimanella.

"AnomUes lenticularis," type of Orusia 765

A nopolenus, association mentioned 498

venustus, association mentioned 498

Anse au Loup, see L'Anse au Loup.

Antelope Spring, House Range, Utah, localities near 3s,

3t, 3x, 3y, 4, 8g, 8i, 8k, lie, llx, 30d, 31s, 31v

Antelope Valley, Eureka District, Nevada, locality in 59

Anterior lateral (retractor) muscles, defined 292

shown in figure 374

Anterior region, defined 292

antiquata, see Swantonia.

antiquissimus, see Obolus (Acritis).

Aparchites? aTiderssonij stratigraphic position of bowlder contain-

ing, discussed 454, 684

Apatocephalus zone (passage beds), in generalized section for Swe-

den, Denmark, Finland, and Norway, listing species and

localities 144

locality in 390e

Apex, defined 292

Apical callosity, defined 292

apolUnis, see Obolus.

apolUnis ingricus, see Obolus.

apollinis maximus, see Obolus.

apolUnis quenstedti, see Obolus.

appalachia, see BillingseUa and Dkellomus.

Appalachian province, Cambrian species in, listed 114-119

Arbuckle limestone (Upper Cambrian), detailed section, listing

included and correlated species and localities 141-142

localities in 9z, 12j, 12m
Arbuckle Mountains, Oklahoma, detailed section of Cambrian and

Ordovician in, listing species and localities 141-142

locality in 12p

ArchseocyathiuEe white limestone (Middle? Cambrian), locality

in 315c

ATchseocijatJiuSy association mentioned 5S4

Archangel Quarry, near St. Petersbiu-g, Russia, locality at 336x

Areola, Minnesota, locality at 339b

ArdmiUan Brae, Scotland, locality at 316a

Ardmore quadrangle, Oklahorna, localities in 12h, 12m, 12n

Ardrossan, Yorke Peninsula, South Australia, locality near 315a

Area, defined 292

shown in figure 374

Arenig, in generalized section for England, Scotland, and Wales.. 135

Arenig, North Wales, locality in 305e

Argenta, Big Cottonwood Canyon, Utah, locality near 30a

argenta, see Acrotreta and Nisusia (Jamesclla).

Argentina, Cambrian species of, listed 122

localities in 389, 389a-d

argia, see Syntrophia primordialis.

arguta, see Lingulella.

Argyle, see South Argyle.

A rioncllus, association mentioned 598, 600, 767

Arizona, Cambrian species of, listed 114-119

Dicellomus poUtus from, discussed 577

localities in.. 9o, 14x, 17c, 73, 73a, 73b, 74, 74b-d, 75, 358, 358a-b

stratigraphic position of brachiopod locahties in, discussed.. 124

Armstrong Creek, Tennessee, locality near . . 11a

artcmis, see Acrothele.

Artieulata, distribution in Cambrian strata 316

shell structure of 296

Articulate brachiopods, defined 292

Articulating processes, discussed 307
" Asaphellus iauno.,'' mentioned 679

AsapheUus zone, in generaUzed section for Cape Breton, listing in-

eluded species and localities 131

Asaphiscus wheeleri, association mentioned 658

Asaphus broggeri zone, in generahzed section for Russia 143

Asaphus eichwaldi zone, in generalized section for Russia 143

Asaphus expansus zone, in generalized section for Russia 143

Asaphus lepidurus zone, in generalized section for Russia 143

Asaphus rankeps zone (Ordovician), in generahzed section for

Russia 143

locality in 337j

Ash Creek, Arizona, locality on 358a
Asia, zoologic list of Cambrian species of, giving distribution by

countries 121-122

asiatica, see OboUlla.

Asserien, Esthonia, Russia, localities at 395c, 395j, 395p, 395s

Asterisks in localities, explanation of 160

atava, see Eoorthis and Lingulella.

atava insulx, see Lingulella.

Atherstone, England, locality in 304j

atlantica, see Obolella.

Atlantic coast province, Cambrian species in, listed 114-119

Atremata, cardinal area discussed 303-304

classification of 322

defined 292

derivation 327

distribution in Cambrian strata 316

evolution of genera of, discussed 318-319

genera and species referred to, described 327-585

boloperipheral growth of pseudodeltidia in 306

muscle scars discussed 312

pedicle furrow discussed 314

surface ornamentation discussed 301

vascular markings discussed 311

atrypoideSj see Orusia lenticularis.

Attalla, Alabama, locality at 361

attenuata, see A crotreta

.

attenuata var. ?, see Acrotreta.

Attleboro, see North Attleboro.

auga, see Lingulella.

"A ulonotreta polita," mentioned 383

aurora, see Obolus (Westonia).

Aurum, Schell Creek Range, Nevada, locality near 8o

Ausable Chasm, New York, localities in 77, 338t

Ausable River, New York, locality on 338s

Australia, see South Australia.

Austria-Hungary, see Bohemia.

avia, see Acrothele.

avia puteis, see Acrothele.

'' Avicula desquamata," discussed 594

Ayrshire, Scotland, locality in 316a

A, treated as A in this index.

babel, see Acrotreta.

bailcyi, see Acrotreta.

Bala, North Wales, localities near 366m, 366o

Bala (Coniston) limestone (Upper Cambrian), in generalized sec-

tion for England, Scotland, and Wales, listing species and

localities 135

locality in 304ii

Bala Road, North Wales, localities on 305f, 366j

Bala schists (Upper Cambrian), locality in 366o

Balbriggan, Ireland, locality at 317a

Balcletchie, Scotland, locality at 316a

Bald Mountain, Bighorn Mountains, Wyoming, locality near 170

Bald Mountain, Washington County, New York, localities near. . 35,

35a, 338h, 338z

Baldwin's ranch, Texas, locality at 14c

Baltic region, localities in 395f, 396e, 396f, 396o

See also Esthonia, Finland, Sweden, etc.

balticv^, see Obolus ( Westonia).

Baltischport, Esthonia, Russia, localities at 336h,

336m, 336r, 337i, 3371, 395x, 396, 396x

Baltiscbport Peninsula, Esthonia, Russia, localities on 396a, 396ii

"Bande de Jinec" (Middle Cambrian), locality in 345b

Bangor, North Wales, locality in 366d

Baraboo, Wisconsin, localities near lOv, 116

Baraboo quadrangle, Wisconsin, localities in lOv, 116
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harahuensis, see SyntropMa.

Barachois, Nova Scotia, localities at 3o, lOo, 372c

Barachois Glen, Nova Scotia, localities in 3q, lOn

Baracliois River (=McLeod Brook), Nova Scotia, localities on ...lOc-i,

lOk-m, 13h, 307, 307a, 307h, 372e

Bar Creek, Montana, localities near 3j, 5j

Barn Bluff, Minnesota, locality at 113

Bamet quadrangle, Texas, localities jn 14e, 14q

Barrande, J. , bibliographic references 13

species named for 603

Barrande, J., [de Verneuil, E. P., and] bibliographic reference— 24

barrandci , see Botsfordia.

Barrel Spring, Nevada, localities near 11, Im, Ip, Iv

Barrel Spring section, in detail, listing included and correlated

species and localities 137-138

Barrois, Charles, acknowledgments 12

bibliographic reference 13

Bartlett Hollow, Texas, localities in 14e, 14q

Bartow County, Georgia, localities in 59m, 96x, 362

"Basal series" of Matthew (Lower Cambrian), locality in 301v

Bass Canyon, Arizona, locality in 74d

Bassler, R. S., acknowledgments 13

bibliographic reference 13

work on microscopic structure of Bracliiopoda. . . : 297

Bastard township, Ontario, localities in 392b, 392e

JBathyurus, association mentioned 493

Bavaria, Cambrian species of, Usted 120-121

localities in 303c, 303f

havarici, see Eoortkis.

bavaricus, see Obolus.

Bays Mountains, Tennessee, localities in 10a, 10b, 106, 106a

Bear Creek, Montana, localities on 160a, 340f

Bear Gulch Valley, South Dakota, locality in 353a

Bear Lake County, Idaho, localities in 55c,

56f, 56g, 59f, 59g, 163, 322, 322a

Bear River Canyon, Wyoming, locality in 340d

Beauharnois, Quebec, locality near 319u

Beauharnois Canal, Quebec, locality on 319t

Beaver County, Utah, localities in 34r, 34t

Beaver Creek, Montana, locality on 9h

Beaver Creek, Wisconsin, locality on 79x

Beaver limestone, in generalized section for Tennessee, Georgia,

and Alabama 147

Beaver Mountains, see Cricket Range.

Beaver River Range, see Cricket Range.

Beecher, C. E., bibliographic reference 13

Rustella compared with "Patcnna" of 32S

Beekmantown limestone, Division A (Ordovician), locality in 367c

mentioned 551

Bell, A. , species named for 386

bella, see Lingulella and Micromitra (Paterina).

bellapunctata, see A crothele.

hellatula, see Acrotrda.

Belleisle, see Straits of Belleisle.

Bellewstown, Ireland, locality at 317a

uelli, see Obolus.

bellula, see Acrothele and Lingulella.

belluluSjSee Obolus {Fordinia).

Belschwitz, East Prussia, locality near 386

belti, see Acrotrda.

Belt Mountains, see Big and Little Belt Mountains.

Belt Park, Montana, locality in 4s

Beman Park, Troy, New York, locality at 2d

Bennett's Spring, Nevada, locality neai" 30

Beraun, Bohemia, locality near 303p

Bergen Park, Colorado, locality near 360a

Bergeron, J. , species named for 638

bergeroni, see Acrothele.

Berlin, Wisconsin, locality at
_ 328d

Bessemer, Alabama, locality at 56u

See also South Bessemer.

Bethany Chapel, Tennessee, locality neai" 2z

Beverly, Ontario, Lingulella {Lingulepis) acuminata, at, dis-

cussed 547-548

locality at 392b

Bibb County, Alabama, localities in 90b, 90c

Bibliography 13

Bio, Quebec, localities at 2o, 2p, 2r

Bicia, described 568

articulating processes discussed 307

cardinal area discussed 304

classification of 321, 323

compared with Linnarssonella 665

Trematobolus kcmpanum 620

evolution discussed 318

evolution of 317

genera! geographic and stratigraphic distribution of

the species referred to 103

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

muscle scars discussed 312

number of species of, in different types of sediment . . . 160

stratigraphic position mentioned 318

type species " Obolclla gemma" 569

vascular markings discussed 311

gemma, described 569

compared with^ida whiteavesi 568,569,571

Obolclla 588

Obolella? lindsirdmi _. 596

Obolella mobergi 597

Obolella {Glyptias) favosa 600

Trematobolus 615

discussed 568, 569

general geographic and stratigraphic distribution tab-

ulated 103

surface ornamentation discussed 302

type specimen not figured.

whiteavesi, described 570

compared with Bicia gemma 568, 569

Pholidops implicata 568

discussed 568, 569

general geographic and stratigraphic distribution tab-

ulated 103

type specimen figured PI. L, fig. 2c

Biciinae, classification of 321, 323

genera and species referred to, described 568-578

Big Belt Mountains, Montana, locality in 9h

Big Cottonwood Canyon, Utah, localities in 30a, 33i, 55u

Big Creek, Tennessee, localities on 123, 124, 124a

Big Goose Creek Canyon, Wyoming, localities in 171, 171a

Bighorn Mountains, Wyoming, localities in 14k,

168, 170, 171, 171a, 302m, 302u, 302x, 302y

Big Ridge, Cape Breton, locality on llz

Big River, Missouri, locality on 369e

Bigsby, J. J., bibliographic reference 14

Billingen, Sweden, localities at and near 309c, 390k

See also Mount Billingen.

Billings, E., bibliographic references 14

genera named for 562, 750

species named for 483, 740,806

Billingsella, described : 749

articulating processes discussed 307

cardinal area discussed 304, 305

cardinal process discussed 306

classification of 321, 325

compared with Eoorthis 755, 772, 773

Finkelnburgia osceola 795

Nisusia 306, 725, 726

Orthis 772, 773

Plectorthis whitfieldi by Ulrich 308

Wimanella 745

Wijnnia 771

cruralium discussed 309

deltidium discussed 306

evolution discussed 319, 320

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 107-lOS

general stratigraphic distribution and number of

Cambrian species and varieties of lit

mentioned 492

muscle scars discussed , 313

number of Ordovician species and varieties of 113

number of species of, in different tj'pes of sediment. . . 160

pedicle tube discussed 315

pseudodeltidium discussed 313

pseudospondyhum discussed 307
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Ullingsella—Contxrmed.

reference to, of Otusia sandhergi discussed 770

reference to, of Syntrophia unxla discussed 805

reference to, of Wimanella anomala discussed 746

stratigrapliic position mentioned 31S

tjTJe species " Orthis coloradoeiisis" 749

Ulrich on spondylium 308

vascular markings discussed 311

? appalach'm, described 750

compared with Wimanella slielbi/ensis 747, 748

general geograpluc and stratigrapliic distribution

tabulated 107

type specimen figured PI. LXXXVII. fig. 2a

hivia, described 750

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured text fig. 65A, 750

coloradoensis, described 751

compared with BilliTigsella Tiighlandensis 756, 757

BilUngsella liTidstromi 757

Billingsella Tnajor 758

BilUngsella obscura 758

Billingsella orientalis 759

BilUngsella plicatclla 745, 760

Billingsella pumpellyi 761

Billingsella retroflexa 761

EoortUis johannensis 781

^ Wimunella liarhinensis 745, 746

Wimanella simplex 748

deltidium discussed 306

general geographic and stratigraphic distribution tab-

ulated 107

pedicle opening in 749, 751

shell section figured textfig.5, 299

type specimen not figured.

dice, described 754

discussed 750

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. CI, fig. 8

exporrecta, described 754

compared with BilliTigsella exponccta rugosicostata 755

BilUngsella Mcksi 756

EooTtUis linnarssoni 783

Wimanella Mrlanensis 746

discussed 750

general geographic and stratigraphic distribution tab-

ulated 107

intermediate between B ilUngsella and Eoorthis 755

type specimen not figured

.

vascular markings discussed 311

exporrecta rugosicostata, described 755

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. LXXXVIII, fig. 2

Mclcsi, described 756

compared with Eoorthis Unnarssoni 783

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. XCVII, figs. 7 and 7a

JiighlandenMs, described 756

compared ^\'ith Billingsella bivia 750

Billingsella plicatclla 745

Wimanella simplex 748

general geograpliic and stratigrapliic distribution tab-

ulated 108

pseudospondyUum discussed 307

type specimen figured PI. LXXXVII, fig. 4b

lindstromi, described 757

general geographic and stratigraphic distribution tab-

ulated 108

type specimen not figured.

major, described 758

compared with Billingsella coloradoensis 752

general geograpliic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. LXXXVI, fig. la

marion, described "58

general geographic and stratigraphic distribution

tabulated lOS

type specimen figured text fig. 67A, 758

Billingsella obscura, described 758

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. LXXXVI, fig. 6

orientalis, described 759

compared with Eoorthis johannensis 781

general geographic and stratigraphic distribution

tabulated 108

pseudospondyUum discussed 307

tj'pe specimen figured PI. LXXXVI, fig. 2

plicatclla, described 759

compared with Billingsella coloradoensis 745, 752

Billingsella highlandensis 745

Billingsella striata 764

Buenella abnormis 806

Wimanella harlanensis 745, 746

general geographic and stratigraphic distribution

tabulated 108

intermediate between Billingsella coloradoensis and

Wimanella harlanensis 745

shell section figured text fig. 1, 299

type specimen figured PI. LXXXVI, fig. 3i

vascular markings discussed 311

pumpellyi, described 760

compared with Billingsella retrofiexa 762

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. XCVII, fig. 8

retroflexa, described 761

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. XC, fig. Ih

richthofeni, described 761

general geographic and stratigraphic distribution

tabulated 108

ty^Q specimen figured PI, LXXXIX, fig. 1

romingcri, described 762

compared with Billingsella dice 754

Billingsella pumpellyi 761

BilUngsella retroflexa 761

Nisusia ? vaUcirw. 730

Nisusia (Jamesella) Kuthani 733

Orthis triccnaria by Ulrich 308

"Orthis sp. Pompeckj " 793

Wynnia warthi 771

general geographic and stratigraphic distribution

tabulated 108

tjT)e specimen figured PI. XC, figs. 2, 2a-d

salemensis, described 763

compared with Billingsella coloradoensis 752

BilUngscUa marion 758

BiUingscUa ichilfieldi 764

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. LXXXVII, fig. 3

striata, described 764

compared with. Billingsella plicatclla 760

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. LXXXVI, fig. 4

whitfieldi, described 764

compared with BilUngsella salemensis 763

general geographic and strarigraphie distribution tab-

ulated 108

type specimen figured PI. LXXXVI, fig. 5a

Billingsellidee, classification of 321, 325

compared with Ordo\ician Orthidse 320

Orthidee, by Ulrich 308

distribution in Cambrian strata 315, 316

genera and species referred to , described 725-795

general stratigraphic distribution and number of Cambrian

genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

number of OrdoWcian genera and species in monograph 113

shell structure compared with that of Orthidse 300

shell structure of 300

Billingsenidae (Cambrian), shell structure compared with that of

Ordovician Protremata 300
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BiUingselliDEe, classificatiou of 321, 325

genera and species referred to, described 745-772

surface ornamentation discussed 303

hillingsi, see Huenclla and Protorthis.

hillingsianaj see Lingulella.

Billsta3,n River, Sweden, locality on 320t

Billy Creek, "Wyoming, locality on 302m

Bilohites, classification of, by Ulrich 30S

muscle scars of, discussed by Uirich 308

no Cambrian representatives 320

Biludden, Sweden, localities on the peninsula of 311bf

311c, 311g-l, 321e-in

Birch Point, Ne\vfoundland, localitj' near 6y

Birmingham, Alabama, locality near 56q
Bisbee, Arizona, localities near 142, 358b

bisecta, see Acrotrcta.

Bishops Mill, Tennessee, locality at 105

'bivia, see BillingscUa.

Bjorkelunda, Sweden, localities at 321u, 321v

Black Hills, South Dakota, localities in 17j,

17k, 88a, 164, 165, 167, 355, 355a-f

Black Mountain, see Montagne Noire.

Blackrock, Utah, locality near 3Cr

"Black shales" (Upper Cambrian), localities in 304b, 304e, 304f

mentioned 557. 559

Blacksmith Fork Canyon, Utah, localities in 31c-e,

31h, 311-n, 54a-p, 54y, 55h, 55ii, 185z

Blacksmith Fork section, Utah, in detail, listing included and
correlated species and localities 148-153

Blacksmith limestone, in detailed section in Blacksmith Fork,

Utah, listing included and correlated species and localities 150

Blackwelder, Eliot, acknowledgments 12

bibliographic references 14

species named for 453

Blackwelder, Eliot [Willis, Bailey, and], bibliographic reference.. 26

hlackwelderi , see Obolus ( Westonia).

Bland County, Virginia, locality in 47h

Blochmann, Fr., bibliographic reference 14

terminology of 292

Bloomington formation (Middle Cambrian), in detailed section in

Blacksmith Fork, Utah, listing included and correlated

species and localities 149-150

localities in 5h?, 31h, 311, 32x?, 54h, 54i, 54k, 54v, 55d?, 55n

Blount County, Alabama, localities in 16, 89, 144c

Blountsville Valley, Alabama, locality in 16

Blue clay, in generalized section for Russia 144

Boda, Sweden, locality at 9'e

Bohemia, Cambrian species of, listed ., 120-121

generalized section of Cambrian and Ordovician in, listing

species and localities 124

localities in 303, 303a, 303b, 303d, 303e, 303g-p, 345, 345a-l

species of Obolus from, listed 379

bohemica, see Acrothele.

Boisdale, Cape Breton, localities near 3p, lOe-i, 13h, I60, 307a, 372b

Boisdale Road, Cape Breton, localities near lOd, 101, 10k, 10m, 372a

Bonar, Spain, locality near 350

Bonne Bay, Newfoundland, locality at 314f

Bonneterre, Missouri, localities at and near 369a, 369c, 369g

Bonneterre limestone (Middle Cambrian), in generalized section

for Missouri, listing species and localities 137

localities in llj, iim
Borgholm, Sweden, localities at 8z'

309f, 310b, 310d, 3101, 31Dj, 310o, 31Dp, 320g, 390i

borgholmejisis, see Acrothele.

Bomemann, J. G ., bibliographic reference 14

species named for 484

bornemanni, see Lingulella.

Bomholm Island, Denmark, localities on 16h-l, 334, 334a-h

Borregaard, Denmark, localities at 16h, 16i, 161, 334a-d, 334h

Borstil, Sweden, localities in 311p, 311v, 321, 321a-d, 321o

Borthwood, Wales, locality at 305h

Bostwick Canyon, Montana, locality in 148a
Bosworth, see Mount Bosworth.

Bosworth formation, detailed section listing correlated species and
localities 126

resemblance to Algonkian Belt series mentioned 126

Botsfordia, described 601

classification of 321, 324

compared with A crothele CRedlichella) 663

Dicellomus 572

Botsfordia—Continued

.

compared with Obolella 587, 58S

YorUa ? waskingtonensis 613

evolution discussed SIQ"

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

mentioned 605

muscle scars discussed 312

number of species of, in different types of sediment , . 160

pedicle tube discussed 314

reference to, of Botsfordia barrandei discussed 603

surface ornamentation discussed 301, 302

type species Obolus pulchcr 601

vascular markings discussed 311

? barrandei, described 602

discussed : 633

general geographic and stratigraphic distribution tabu-

lated ^ 104

surface ornamentation discussed 1 . . 302

type specimen figured PI. LVII, fig. 7

cselaia, described 603

cardinal area discussed 305

compared with A crothele matthewi 632

A crothele nitida 650

Botsfordia pulchra 608

Obolus elegant 391

SckizophoUs rugosa 609

general geographic and stratigraphic distribution tabu-

lated 104

stratigraphic position mentioned 318

surface ornamentation discussed 301, 302

type specimen not figured.

granulata, described 605

cardinal area discussed 30^

compared with Acrothele matthewi 632

Acrothele (Redlichella) 663

Acrothele {Redlichella) granulata 602, 663

Botsfordia cselata 604

Botsfordia pulchra ^ 601, 608

discussed 601

general geographic and stratigraphic distribution tabu-

lated 104

surface ornamentation discussed 302

type specimen not figured.

pulchra, described 607

cardinal area discussed 305

compared with A crothele bellapunciata 633

Botsfordia 9 barrandei 603

Botsfordia cxlata 606

Botsfordia granulata CGI, 606, 607

Lingulella radula 529

Micromitra (Iphidella) pannula 602

discussed 602

general geographic and stratigraphic distribution tabu-

lated 104

muscle scars discussed 312

surface ornamentation discussed 302

type specimen not figured.

bottnicus, see Obolus ( Westonia).

Boundary Brook, Cape Breton, locality on 344e

Bow River group, detailed section listing species and localities 130

Boxelder County, Utah, localities in 30u,

31y, 32c, 32n, 32p, 32x, 32y, 33 j, 33t,

34m, 34q, 54k, 54q, 54r, 55e, 105x, 329

Bozemaii5"Srontana, locality near 160a

Bra«wif^"defined 292

Brachioccele, defined 292

shown in figure 374

vessels of, shown in figure 374

Brachiopod, most primitive 316, 31S

oldest known 316

sunplest form 327, 328

Brachiopoda, bibliography 13-26

classification 321-326

definitions 292-296

distribution in Cambrian strata 315-316

distribution tables 98-159
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Brachiopoda—Continued. '

evolution .\ 316-320

habitat
'. 159-160

localities 161-291

number ol genera in divisions ot Cambrian 31G

percentage of genera and species included in OboUdge, Acro-

tretidee, and Billingsellid^ 315

setse of, figured 3(i2

shell structure 296-300

structural features 300-320

summary tables 110-113

synonymy table 27-98

terminology 291-296

Braintree, Massachusetts, locality at 5

Braintree slate (Middle Cambrian), locality in 326b

"Brandsehiefer" (Ordovician), in generalized section lor Russia,

listing species and localities 143

locality in 337d

Brantevik, Sweden, locality at 310z

Bras d'Or Lalce, Cape Breton, localities near lOo,

lOr, 131, 13r, 307j, 325; 325b, 325c, 372d

Brecknockshire, Wales, locality in 366r

bretonensis, see Obolus {Palxobolus).

bretonensis lens, see Obolus (Palxobolus).

"Bretonian" (Upper Cambrian), generahzed section of, listing

species and localities 131

locality in 13q

See also Divisions C2 and C3.

Briceville quadrangle, Tennessee, locality in 7d

Bridger Range, Montana, localities in 147a, 148a, 151, 151a, 152

Brigham, Utah, localities north and east of 31y, 32c, 32ii,

32p, 32x, 32y, 33j, 33t, 34m, 34q, 54k, 54q, 54r, 55e, 105x, 329

Brigham quartzite, in detailed section in Blacksmith Tork, Utah,

listing included and correlated species and localities 1S2-153

line between Lower and Middle Cambrian in 153

Bristol, Tennessee, locality near 2z'

Bristol County, Massachusetts, localities in 326a, 326d

Bristol quadrangle, Tennessee, localities in 2z', 374c

British Columbia, Cambrian species of, listed 114-119

detailed section for, with included and correlated species

and localities 125-131

localities in 14s,

35c, 35f, 35g, 35h, 35k, 57c-g, 57j, 67k, 67m, 67n,

57r, 57s, 57y, 58f, 58j- 1, 58p, 68r, 58s, 58z, 60b, 306

Mount Bosworth section, in detail, with included and cor-

related species and localities 125-131

Brogger, W. C, acknowledgments 12

bibliographic references 14

(Brbggcria), see Obolus (Broggeria).

Bronsil shales (Upper Cambrian), in generalized section for Eng-

land, Scotland, and Wales, listing species and localities. . . 135

localities in 304, 304a

Brown's quarry, Prairie du Sac, Wisconsin, locality at 85a

Bruachaig River, Scotland, locality on 316c

Brunswick, New York, locality neai- 2d

Bryn Melyn, North Wales, locality at 366o

Brtjograptus slate (Upper Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 145

locality m 309a

systematic reference discussed 98

Buch, C. L. von, bibliographic references 14

Buchava quarry, near Skiej, Bohemia, locality at 345d

buchi, see Keyscrliyigia.

Buck Creek, Alabama, locality near 56c

Buckingham Ford on Hollis Creek, Tennessee, locality at 117c

Buffalo County, Wisconsin, locality in 328e

Buffalo Creek, Montana, locality near 302f

Buffalo Creek, Virginia, locality on 92b

Buffalo Fork Peak, Wyoming, locality near 302v

Buffalo MiUs, Virginia, locality near 92b

Builth, Wales, locality near 366r

Bull Hill Cottage, South Shropshire, England, locality at 304k

Bull Run, Tennessee, localities in 107, 107a, 107b

BuUwhacker mine, Eureka district, Nevada, locality near 64

Bunker HiU, Teimessee, locality on 12q

Burgess, Canada, locality at 392

Burgess Pass, British Columbia, locality near 35k

B urgess shale, mentioned 127"

Burgess shale member of the Stephen formation (Middle Cani-

brian), locality in 35k
Burling, Lancaster D., acknowledgments 13

work on Cambro-Ordovician boundary in British Columbia, 125

Burling, Mrs. Lancaster D., species named for _. 758

Burnet, Texas, localities near 67, 67c, 67z

Burnet County, Texas, localities in. 67,

67c, 672, 69, 70, 70a, 70e, 71, 353a
Burr, H. T., bibhographlc reference 15

Butts, Charles, species named for 484

buttsi, see LijiguUlla.

Caballos Mountains, New Mexico, localities in 327, 327a-c
Cable Mountain, Montana, locality on. _ 340e
Cabo Busto stage (Ordovician), localities in 350a, 360b
Cache County, Utah, localities in 31c-e,

31h, 31 1-n, 31z, 32d, SSe, 54a-p, 64y, 55h, 55ii, 55t, 185z, 329a

cselata, see Botsfordia.

Caer-fai, Wales, locality at 366c

Caerfai group (Middle Cambrian), in generalized section for Eng-
land, Scotland, and Wales, Msting species and locahties ... 136

localities in 3181, 366c

Cairn Burn, Scotland, locality at 316b
calcifcra, see Sgntrophia.

"Caleiferous sandrock" (Lower Ordovician), Lingulella {Lingu-

lepis) acuminata in, discussed 547

localities in 319t, 319u, 338u

mentioned 509

"Calciferous sandstone," mentioned 551

Caledonia, Missouri, locality near 369d

CaUfornia, Cambrian species of, listed 114-119

localities in 7, 8b, 14 1, 14n-p, 63, 176, 176a, 178a, 312, 312a

species and localities correlated with those of Nevada 137-138

Callaway, C, bibUograpliic references 15

Calls Fort, Utah, locality near 329

Camarella, compared with Swantonia 797

"calcifcra,^' compared with Clarkella raontanensis 810

compared with Striclclandinia 798

mention ed 798

volbortM, compared with Swantonia antiquata 797

Cambria, see Schuch^rtina and Sgntrophia.

Cambrian , number of genera in divisions ot 316

sedimentation in Cordilleran region mentioned 148

species of Asia, zoologic hst of, gi^mig distribution by coun-

tries 121-122

species of Europe, zoologic list of, gi%'ing distribution by

countries 120-121

species of North America, zoologic list of, giving geographic

distribution by States and geologic pro%'inces 114-119

See also Lower, Middle, and Upper Cambrian, and Passage

beds.

Cambridge, New York, localities near 36, 338x

Cambridge quadrangle, New York, localities in 21

33, 33b, 3G, 36b, 37, 37b, 39a, 43, 43a,

45a, 338c-g, 3381, 3381,338o, 338p, 338x

Camerdla, mentioned 802

"antiqua," type of Swantonia 797

"sp. Shumard" discussed 808

Camlan, North Wales, locality at 318e

Campbell, M. R ., bibliographic reference 15

species nagied for 802

campbelli, see Sgntrophia.

Camp Creek Canyon, see Queens Canyon.

Canada, sec Alberta, British Columbia, Labrador, Ontario. Que-

bec, New Brunswick, Newfoundland, Nova Scotia, and

Cape Breton.

Canadian Pacific Railway, Canada, localities on line of 14s,

35c-ll, 35k, 57c-g, 57j, 57k, 57m, 57n, 67r,

57s, 57y, 68f, 581-1, 58p, 58r-t, 58w, 68z, 60b

Canal Grande, Sardinia, localities at 354, 354c, 354e, 364f

cancellata, see Acrotma.

Cane Creek Mountains, Alabama, locality in 137

Cane Pass, Utah, localities at 34r, 34t

cania, see Lingulella.

Canon Ferry, Montana, locality near 9h

Cantabrian Mountains, Spain, locality in 350

Canyon quadrangle, Wyoming, locality in 4j

Canyon Range, Utah, locality in 33
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Cape Breton, Cambrian species of, listed 114-119

generalized section of Cambrian in, listing species and locali-

ties 131-135

localities in 3h, 3i, 3n-q,

8d, lOc-i, lOk-p, lOp', lOp", lOq-t, llz, 13d, 13d', 13d", 13e-i,

13k, 131, 131', 13m, 13n, 13n', 13n", 13p, 13p', 13q, 13r, 13t,

13t', 13t", 16o, 307, 307a-j, 325, 325a-c, 344, 344a-o, 372, 372a-f

Cape Rouge, Quebec, locality at 319c

Cape Vidio, Spain, locality at 350a

Caradoo Umestone, in generalized section for England, Scotland,

and Wales, listing species and localities 135

Carbon County, Wyoming, locality in 340c

Cardinal area, defined 292

discussed 303-305

shown in figure 374

Cardinal extremities, defined 293

Cardinal muscle scar, defined 293

Cardinal Peak, Montana, localities near 4q, 4q', 8j

Cardinal process, defined 293

discussed 306

Cardinal scar, development of ,
312

Cardinal slopes, defined - 293

Carillon, Quebec, locality near 392h

carinata, see Acrotreta.

Carlfors, Sweden, locality at 321p

Carlton shore. New Brunswick, locality at 301t

Carnarvonshire, North Wales, localities in 305a,

305c, 305d, 318a, 318b, 318s, 318t, 3e6d, 366e

Camedd Filiast, North Wales, locality at 366d

Carnegie Institution of Washington, acknowledgments 12

Carpenter, W. B., bibliographic reference 15

Carter County, Oklahoma, localities in 12k, 12m, 12n, 12p

Cartersville, Georgia, locality near 96x

Cartersville quadrangle, Georgia, locality in 96x

Cascade Coimty , Montana, localities in 4x, 5f , 5k

Casper, Wyoming, locality near 302o

Castle, Alberta, localities near 58i, 58t, 68w, 60b

Castle Creek, South Dakota, locality on 355b

Castle Mountain, Alberta, localities on 58i, 58t, 58w
Ogygopsis zone absent on 127

Cathedral limestone, detailed section 128-129

Catons Island, New Brunswick, localities on 2y, 301f, 308d

" Causea/' generic reference discussed 330

Cave Spring, Georgia, localities near 96b, 140a, 140c, 362a

Cave Spring, Utah, locality near 15d

Cedar Bluff, Alabama, localities at 90a, 91

Cedartown Road, Georgia, locality on the 96

cedens, see LinguIeUa.

Cefn Cyfarnedd, North Wales, locality at 305j

celatus, see Obolus {Schmidtia).

Cement Creek, Colorado, localities on 335a, 3601)

Centennial Eui'eka mine, Tintic special ([uadrangle, Utah,

locality near 34s

Center, Alabama, localities near 90, 90x,

92x, 93, 93a, 93n, 93o, 93x, 94, 94a, 94o, 94x, 94xx, 95a, 146

Center road, Alabama, locality near the 95a

Central (adductor) muscles, attachment in Orthidge 308

defined 293

showninflgure 374

ceratopygarum, see AcToiheU.

Ceraiopyge limestone (Passage beds), EoortMs daunus characteris-

tic of, to the exclusion of Eoorthis clirisHanix 775

in generalized section for Sweden, Denmark, Finland, and

Nor\vay, listing species and localities 144

localities in 8x, 309, 310, 310j,

310x, 320w, 323, 323c-h, 323j, 323z, 386, 390, 390e, 390t

mentioned 424, 515, 710, 712, 741

systemic reference discussed 98

"Orthis christianias" from, likely Eoorthis daunus 776

Ceraiopyge Umestone and shale, Eoorthis wimani found in both ... 77o

Ceraiopyge shale (Upper Cambrian), Eoorthis chrislianix character-

istic of, to the exclusion of Eoorthis daunus 775

Ceraiopyge slate (Upper Cambrian), in generalized section for Swe-

den, Denmark, Finland, and Norway, listing species and

locaMties 146

localities in 310d, 310r,

310s, 321e-n, 323a, 323k, 323x, 323y, 390c, 390i, 395xi

mentioned 424,425,710

systemic reference discussed 98

Cerro Cuchillo, New Mexico, locality near 327b

Champlain, see Lake Champlain.

Champlatn Canal, New York, locality on 109

Changhia, China, localities at and near C17,

C20, C22, C23, 026, 028, 036, 068
Changhia limestone (Middle Cambrian), localities in 022,

023, 026, 028
Chapman, E. J., bibliographic references 15

Chappie Arm, Newfoundland, localities on 6g, 6h, 314

Chappie Cove, Newfoundland, locality near 5t

Chase Creek Canyon, Arizona, locality in 358

Chateaugay, New York, locality near Ill

Chateaugay Falls, New York, locality at 338u

Chatham, New York, locality near 32a

Chatham, see North Chatham.
Chaudiere River, Quebec, locality on 220a

Chaumitien, China, localities at and near 036, 045, 068
Chaumitien limestone (Upper Cambrian), localities in 036,

045, 054, 056, 068

"Chazy formation" (Ordovician), localities in 319n-p, 392h

Checker Beach, Rhode Island, locality on 343a

Cheever's ranch, Wyoming, locality near : 302u

Ch6I Hill, Salt Range, India, localities at 357b, 357d

Chepultepec, Alabama, localities near 139a, 140

Cherokee, Texas, localities near 14g, 14i

Cherokee County, Alabama, localities in 90, 90a, 90x, 91,

91x, 92x, 93, 93a, 93n, 93o, 93x, 94, 94a, 94o, 94x, 94xx, 95a, 146

Cherry Creek, Nevada, locality near 41

Cherry Creek Basin, Montana, locality near 149a

Chilidium, defined 293

China, Cambrian species of, listed 121-122

localities in (Lower Cambrian) 03, 017, O20, 032'

localities in (Middle Cambrian) 01,

02, 04-7, 09, OlO, 012, 022, 023, 024, 026,

028, 032, 037, 057, 062, 063, 070-72, 076
localities in (Upper Cambrian) 332,

332a, 036, 054, 056, 061, 064, 067, 068, 074

species of Obolus from, listed 379

See Liaotung, Shansi, Shantung, and Shensi.

chinensis, see Obolus.

Chippewa County, Michigan, locality in 330

Chisago County, Minnesota, localities in 82b,

82c, 97b, 97s, 339d, 339]

Chisliolm mine, near Pioche, Nevada, localities at 7k, 31

Chonpinghien, China, localities near 032, 032'

Chouteau Coimty, Montana, locality in 302z

Christiania, Norway, localities at and near 8x,

8z, 9f, 323, 323a, 323c-h, 323 1-q, 323t, 323v-z

christianise, see Eoorthis.

Christianstad (province), Sweden, localities in 8w,
310h, 3101, 320c, 320f, 320i, 320o, 320x, 321u, 321v, 321y, 390o

chTOjnaiica, see Obolella.

chuarensis, see Obolus (^Westonia).

Chuar Valley, Arizona, locality in 73a

Chudleigh, Esthonia, Russia, locality at 337g

Churn Canyon, Montana, localities near 151, 151a, 152

cincta, see Lingula.

cin^ulala,see Kutorgina.

circe, see Quebecia.

circularis, see Acrotreta.

Circulatory system, discussed 311-312

Clark, W. B., and Mathews, E. B., bibliographic reference 15

Clarke, I. M., acknowledgments 12

bibliographic references 15, 441

genus named for 809

species named for 486

Clarke, I. M., [Hall, J., and], bibliographic references 18

clarkci, see Lingulclla.

Clarkella, described 809

classification of 321, 326

cruralium mentioned 309

evolution discussed 320

evolution of 317

general geographic and strati^raphic distribution of

the species referred to 109

number of Ordovician species and varieties of : . . . 113

number of species of, in different tj-pes ofsediment 160

spondylium discussed. 307

type species "Polytoschia montancnsis " 809

Uhich on spondylium ; 308
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Clarliella montanensis, described 810

general geographic and stratigraphic distribution

tabulated 109

type specimen figured PI. CIV, fig. 2a

clarki, see Dearhornia.

Classification, importance of shellsubstance in 297

importance of surface ornamentation in 301

Clayton County, Iowa, locality in 341a

claytoni, see Acrotreta.

Clayton Valley, Nevada, locality near 175

Cleveland, Tennessee, locality near 128

CltH House, Devils Lake, Wisconsin, locality near 81o

Clifton quadrangle, Arizona, locality in 9o, 368

Clinton, Tennessee, locality near 7d

Cliothyris, cardinal process discussed 306

Clitambonites, compared witli "Orthis pepirm " 739

compared with ProtortUs 739

pedicle tube discussed
,

315

pseudospondylium discussed 307

Ulrich on spondylium 30S

Clitambonitidae, compared with Cambrian Orthida3 by Ulxich-. 308

Ulrich on spondylium 308

Coal Creek, Tennessee, locality near 374a

Coal Hill, England, locality at ; . . . 304e

Coal Pit Bay, Ireland, locality at 317

Cochise County, Arizona, localities in 14x, 358b

Codorus Creek, Pennsylvania, locality on 49

Cog Hill, Tennessee, locaUty near 128a

Cohoes quadrangle. New York, localities in 27a, 367b

Coldbrook, New Brunswick, locality at 301c

Coldbrook (Middle Cambrian), detailed section of, listing included

species and localities 135

localities in 13k, 344f

Cold Creek, Texas, localities on 14b, 14c, 71

Coleoloides cf. typicalis, association mentioned 328

Collen, M., species named for 641

colleni, see Acrothele.

collida, see Lingulella.

Colorado, Cambrian species of, listed 114-119

localities in 3g, 186, 186a, 187, 335a, 360, 360a-i

note on stratigraphic position of localities in 135

coloradoensis, see Billingsdla.

Colorado River, Arizona, localities on 17c,

73, 73a, 73b, 74, 74b, 74c, 74d, 76

Colorado River, Texas, locality on 14r

Colorado Springs, Colorado, localities near 360, 360d

Columbia County, New York, localities in 29, 32a, 44b, 338b

Columbia County, Wisconsin, localities in 86, 3281, 328e

Columbiana, see Fhilhcdra.

Comanche County, Oklahoma, localities in 9p-x, 9z, 12]

Combs Peak, Eureka District, Nevada, locality on 69

Comley, in generalized section for England, Scotland, and Wales,

listing species and localities 136

complexus, see Obolus.

compta, see Nisusia.

Conasauga limestone (Middle Cambrian), localities in 56o,

56q, 66u, 90b, 90c

Conasauga (Coosa) shale (Middle Cambrian), in generalized sec-

tion for Tennessee, Georgia, and Alabama, listing spe-

cies and localities 147

localities in 16, 90, 90x, 91, 92x, 94a, 146

mentioned 505, 521

coticentrica, see Acrotreta.

Conception Bay, Newfoundland, localities on 1, la, 2, 2a, 3,

5p, 5r, 5t, 61, 6n, 6r, 6ii, 6t, 41, 41a, 114, 114a, 114b, 314a, 314e, 314h

section near, listing species and localities 140-141

ComUdium, cruralium mentioned 309

Comhidium nysius, compared •withBillingselta ctporrccta 755

condnna, see Lingulella.

Coniston, England, locality at 304n

Coniston (Bala) limestone (Upper Cambrian), in generalized sec-

tion for England, Scotland, and Wales, listing species and

localities 135

locaUty in , 3D4n

Conococheague limestone (Upper Cambrian), locality in 346b

Conocoryphe elcgans, association mentioned 498

Conocorypie eisulans zone (Middle Cambrian), in generalized sec-

tion for Sweden, Denmark, Finland, and Norway, listing

species and Ijcaiities 146

ConocorypUe exsulans zone—Continued.

localities in 16i, 334a

See also Exsulans limestone.

CoTwcoryphe trilincata, association mentioned 605

Conrad, T. A., bibliographic reference 15

contraria, see Orbiculoidea.

conula, see Acrotreta.

convcxa, see Acrotreta and Lingulella icinona.

Coopers Lake quadrangle, Montana, localities in 3j , 5j

Coosa River Valley, Alabama, localities in 90x, 92x, 94a, 145

Coosa shale, see Conasauga (Coosa) shale.

Copenhagen, see Geneva.

Copper Ridge, Temiessee, localities on 107, 107a, 107b, 107o, 107u

coriacea, see Acrothele.

Coronado quartzite, localities above 9o, 358

Coronatus zone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 145

localities in 320i-k

corrugata, see Finkelnburgia osceola.

costata, see Acrothele prima. *

Cottonwood Canyon, Montana, locality near ". 152

See also Big Cottonwood Canyon.

Coulouma, France, localities in 342, 342a

Cound-Moor quarry, England, locality near 304i

Courtney Bay, New Brunswick, locality on 301y

Cowan Creek, Alabama, localities on. 93,93o, 93x, 94, 94a, 94o, 94x, 94xx, 95a

Cow Head, Newfoundland, locality at 314c

Coxsackie quadrangle. New York, locality in 338

Craighead, Scotland, locality at 316a

Craigs Mountain, Alabama, locality near. 90

Craig-j^-dinas, North Wales, locality at 305

Crane, Agnes, bibUographic reference 15

Crania Iselia, compared with Philhedra columMana 724

" Crania un^uiculata," ty^e of Siphonotreta 625

Craniacea, classification of '321, 325

distribution in Cambrian strata 316

genera and species referred to, described 724

Craniidse, canal system mentioned 312

classification of .' 321, 326

distribution in Cambrian strata 316

genera and species referred to, described 724

general stratigrapliic distribution and number of Cambrian

genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

crassa, see Obolella.

crassa elongata, see Obolella.

crassus, see Obolus (Schmidtia).

crenistria, see Micromitra (Paterina).

Crepicephalus texanus, association mentioned 692

Cressage, England, locality at 304i

Crested Butte, Colorado, localities near 336a, 360b, 360c

Criccieth, North Wales, locality at 318a

Cricket Range, Utah, locality in 33r

Cricket Spring, Cricket Range, Utah, locality near 33r

Crow Creek, Utah, locaUty on 33ii

Crowfoot Ridge, Gallatin quadrangle, Wj'oming, locality on. 302b, 302e

Crura, defined 293

Cruralium, defined 293

discussed 309

Cruziana, association mentioned 359

Ctenocephalus matthewi, association mentioned 498

Cumberland County, Peimsylvajiia, locality ui 49f

Cumings, E. R., bibliographic reference 15

cuneola, see Lingulella.

Curramulka, Yorke Peninsula, Soutli Australia, locality at 315

Curtice, Cooper, genus named for 369

Curticia, described 369

classification of 321, 322

compared with Dicellomus 360

Micromitra 318

Obolus 318, 369, 370

Rustella 370

delthyrium discussed 318

evolution discussed 318

evolution of 317

general geographic arid stratigraphic distribution of

the species referred to : 99
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CuTticta—Continued.

general stratigrapliic distribution and number of Cam-
brian species and varieties of 110

mentioned 369

number of species of, in different types of sediment. 160

elegantula described 369

general geographic and stratigraphic distribution

tabulated 99

type specimen figured PI. I, fig. 2

CurticlidEe, classification of 321, 322

distribution in Cambrian strata 316

genera and species referred to, described 369-370

general stratigrapliic distribution and number of Cambrian
genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

species referred to, described 369-370

CUTvata, see Acrotreta.

Custer, South Dakota, locality near 167

cyane, see Obolus.

Cyrtia, reference to, of "Acrotreta 9 costata " 674

Cyrtoceras cambna mentioned 468

Czerhowitz, Bohemia, locality at 303

j

Dakota, Minnesota, locality near 84s

Dalarue, Sweden, locahties in '. 8y, 9e, 310ii, 3901

Dale, T. N., mentioned ' 409

Dall, "W. H., bibhographic references 15

Dalman, J. A., bibhographic reference 15

Dalmanella, classification of, by Ulrich 308

compared vnth FrotorthUi 739

muscle scars of, discussed by Ulrich 30S

no Cambrian representatives 320

reference to, of "Lepta^na melita" discussed 777

muUisecta, shell section figured text fig. 9, 299

parva, shell section figured text fig. 10, 299

suhsequata, compared with Orthis tricenaria by Ulrich 308

muscle scars of, discussed by Uhich 308

shell section figured text fig. 2, 299

suhsequata group, compared with average Cambrian articu-

late by Ulrich 308

damesi, see Lingulella.

Danaher Creek, Ovando quadrangle, Montana, locality near 4w
Dane County, Wisconsin, localities in 85x, S85x, 85z, 328p

Danish Flat, Bear Lake County, Idaho, localities near 55c, 163

Danzig, West Prussia, locality near 388d

Darton, N. H., species named for 455

dartoni, see Obolus ( Westonia).

daunus, see Eoorihis.

Davidson, T., bibliographic references 15, 16

species named for 489

^'Davidsonella," discussed 565

^'linguloides," discussed 565

"squama,''^ discussed \... 567

davidsoni, see Lingulella.

Davis, J. E., bibliographic reference 16

species named for 491

davisi, see Lingulella.

Dawson, J. W., bibliographic references 16

Dawson, WilUam E.. acknowledgments 12

Deadwood, South Dakota, localities near 88a, 164, 165, 355f

Deadwood formation, note on localities in 144

Deadwood formation (Middle Cambrian), localities in. . . 164, 302e, 355b

Deadwood formation (Upper Cambrian), localities in 302p, 302u

Dearbornia, described 614

classification of 321, 324

compared with Discinopsis 614

Obolus 614

Schizambon 614

Siphonotreta 614

Trematobolus 313, 614

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

number of species of, in different types of sediment ... 160

shell substance 297

stratigraphic position mentioned 319

type species Dearbornia clarki 614

vasdular markings discussed 311

Dearbornia clarki, described 614

general geographic and stratigraphic distribution tabu-

lated 104

type of Dearbornia 614

type specimen figured PI. LX XXII, fig. 7

Dearborn River (North Fork), Montana, localities on 9k, 9m
Dearborn River section, Montana, localities con'elated with 3j,

4q, 4q', 4v, 4w, 5j, 8], 9k

decipienSfSGe Acrothele and Obolus mcconnelU.

Dedham quadrangle, Massachusetts, locality in 5

Deep Creek, Wyoming, locality on 4j

Deep Spring Valley, California, localities in 176, 178a

definita, see Acrotreta.

Definitions : 292-296

Delano, see Mount Delano.

Delgadella, described 560

cardinal area discussed 303

classification of 321, 323

compared mth Lingula 560

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 103

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

number of species of, in the different types of sedi-

ment 160

type species " Lingulepis lusitanica" 560

lusitanica, described 560

cardinal area discussed 304

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI. XXIX, fig. 5

Delgado, J. F. Nery, acknowledgments 12

bibliographic reference 16

genus named for 560

species named for 491

delgadoi, see Lingulella.

Deltidium, compared with pseudodeltidium 306

defined 293

development of 306

discussed 305-306

holoperipheral growth of 306

Delthyrium, defined 293

discussed 305-306

Denmark, Cambrian species of, listed 120-121

generalized section of Cambrian and Ordovician in, hsting

included and correlated species and locahties 144-146

localities in 16h-l, 334, 334a-h

See also Bornholm.

Dennis, see Mount Dennis.

Dental plates, defined 293

discussed 310-311

relation of, to spondylium discussed by Uhxh 308

Dental sockets, defined 293

depressA, see Acrotreta.

deseenden^, see Acrotreta opMrensis.

Deseret road. House Range, Utah, locality on llo

desiderata, see Elkania and Lingulella.

desmopleura, see Eoorthis.

desmopleura nympha, see Eoorthis.

Deudraeth, Wales, locality at 366p

Devils Lake, Wisconsin, localities near 81, 81b, 81o, 328

Deweys Bridge, New York, localities near 109, 367k

diablo, see Eoorthis.

dice, see Billingsella.

Dicellocephalus, see Dikellocephalus.

Dicellomus, described 571

articulating processes discussed 307

cardinal area discussed 304

classification of 321 , 323

compared with Acrotreta 312

Curticia 369

Linnarssonella tennesseensis 670

Oholella 592

Obolus 312

387Obolus chinen,sis

evolution discussed

evolution of

general geographic and stratigraphic distribution of

the species referred to
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Dicellomus—Continued.

general stratigraphio distribution and number of Cam-

brian species and varieties of HO

muscle sears discussed 312

number of species of, in different types of sediment. . . 160

pedicle semitube discussed 314

surface ornamentation discussed 302

type species "Lingula polita" 572

vascular markings discussed 311

appalachia, described ^'-^

compared witli Dicellomus politus 577

Dicellomus sp. undt 578

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI- LIII, fig.-la

Tianus, described 57o

compared with Dicellomus appalachia 572

Dicellomus pectenoides 575

Dicellomus politus 577

general geographic and stratigraphic distribution tabu-

lated 103

stratigraphic position of type specimen discussed 574

type specimen figured PI- LUI, fig. 2

parvus, described 574

general geographic and stratigraphicdistribution tabu-

lated 103

type specimen figured PI- LXXXIX, fig. lib

5, described 575

compared with Dicellomus politus -- 577

general geographic and stratigraphic distribution tab-

ulated 103

type specimen (?) figured PI- LII, fig.^6

politus, described r
575

compared with Curlicia elegantula 3G9, 370

Dicellomus appalachia 572

Dicellomus nanus 573

Dicellomus parvus 574

Dicellomus pectenoides 575

Dicellomus proliftcus 578

Lingulella phaov. 525

Obolella chromatica 572

Obolus sinoe "IIG

Obolusf sp. undt. f 423

Obolus (Fordinia) gilberti 429

Obolus (IT'es(emia) aurora 452

discussed 572

general geographic and stratigraphic distribution tabu-

lated 103

intermediate between Obolus and Obolella 314

type specimen not figured.

prolificus, described 578

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI- LXXXIX, fig. 10

sp. undt., described 578

general geographic and stratigraphic distribution tabu-

lated 1 03

tjnpe specimen figured PI. LII, figs. 7 and 7a

dichotoma, see Acrothele.

Dickinson County, Michigan, locality in 330b

Dictyograptus slate (Upper Cambrian), in generalized section for

Eussia 143

in generalized section for Sweden, Deiunark, Finland, and

Norway, listing species and localities 145

locaUties"in 309b,310t-v,321x,390g

systemic reference discussed 98

Dictyograptus flabclliformis zone (Upper Cambrian), locality in. . .. 309h

Dictyograptus zone, mentioned 515

Dictyonema zone, in generalized section for Cape Breton, listing

included and correlated species and localities 131

mentioned 4S7

Diductor muscles, defined 293

Didymograptus slate, in generalized section for Sweden, Denmark,

Finland, and Norway 144

Dikellocephalus [Olenus] fauna, mentioned 378

Dlnobolus, classification 310

Hall and Clarke on development of 309

platform mentioned 309

Dinorthis, classification of, by Uhich 308

compared with Hebcrtella 320

Protorthis ( Loperia) dugaldensis 3?0

Dmorf/iis—Continued.

cruralium mentioned 309

muscle scars of, discussed by Ulrich 308

no Cambrian representatives 320

subquadrata, cardinal process discussed 306

Discina, compared with Discinolepis 664

mentioned 532

reference to, of Orbiculoidea contraria discussed 722

reference to, of Orbiculoidea variant discussed 723

"csKrfaie.nsis," discussed 723

"pileolus,
'

' discussed 647, 723

Discinacea, classification of 321, 325

distribution in Cambrian strata 316

genera and species referred to, described 722-723

Discinella, association mentioned 357

Discinida?, classification of 321, 325

distribution in Cambrian strata 316

genera and species referred to, described 722-723

general stratigraphic distribution and number of Cambrian

genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

Discinisca, compared with Discinolepis 664

Discinolepis, described 664

cardinal area discussed 305

classification of 321, 324

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 105

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

intermediate between Acrothele and A crotreta 314

number of species of, in different types of sediment. . . 160

type species Discinolepis granulata 664

gronulata, described 664

general geographic and stratigraphic distribution

tabulated 1 05

type of Discinolepis 664

type specimen figured PI. LXXXI, fig. 3

Discinopsis, described 720

classification of 321, 324

compared with A crothyra 721

Dearbornia 614

Yorkia 611

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

'

the species referred to 107

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

number of species of, in different tjTies ofsediment 160

reference to, of Discinopsis? sulcatus discussed 721

type species Acrotrctaf guUelmi 720

vascular markings discussed 311

guliclmi, described 720

compared vfithDiscinopsisf sulcata 721

general geographic and strati.graphic distribution

tabulated 107

type specimen figured PI. LXXXII, fig. 5

? sulcatus, described 721

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. LXXXII, fig. 6

discoidcus, see Obolus.

dimricator. see Lucinia.

Division Clbl of Matthew (Middle Cambrian), in generalized sec-

tion for Cape Breton, listing included speoiesandlocalities. 133

localitiesin - 2f, 2g, 3011, 308eT

Division Clb2 of Matthew (Middle Cambrian), in generalized sec-

tion for Cape B reton .Listing included species and localities . 133

locality in ^"^^

Division Clb3 of Matthew (Middle Cambrian), in generalized sec-

tion forCapeBreton,listingincludedspeciesandlocalities. 132

localitiesin : 2i, 2k, 301a, 308d, SOSgT

Division Clb4 of Matthew (Middle Cambrian), in generalized sec-

tion for Cape Breton, listing included species and localities . 132

localiUesin 308d, 308g?

Division Clb5 of Matthew (Middle Cambrian), in generalized sec-

tion forCape Breton, listingincludedspeciesand localities. 132

localitiesin 301b, 301d, 301f
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X)ivision Clc of Matthew (Middle Cambrian), in generalized sec-

tion for Cape B reton , listing included species and localities . 132

localities in SOlg, 301h, 301m, 301w, 301z, 308Ii

Division Cld of Matthew (Middle Cambrian), in generalized sec-

tion for Cape Breton, listingincluded species and localities . 132

locahties in 300, 3011

Division C2a of Matthew (Middle Cambrian), in generalized sec-

tion forCapeBreton,hsting included andcorrelated species

and locahties 132

locality in 307f

Division C2b of Matthew (Middle Cambrian), in generahzed sec-

tion for Cape Breton, listing included and correlated species

and localities 132

locahties in 3i, 307g

Division C2c of Matthew (Middle Cambrian), in generalized sec-

tion for Cape Breton, listingincluded and correlated species

and localities 131

locahties in 301x, 301y, 307c?

Division C3a of Matthew (Upper Cambrian), in generahzed section

for Cape Breton, listing included and correlated species

and localities 131

locahties In lOr?, 301e, 3Dln, 301t, 308a, 308b, 308f, 325b

Division C3b of Matthew ( Upper Cambrian), in generalized section

for Cape Breton, listing included and correlated species

and localities 131

locahties m 301u, 307e, 307h, 307i, 307j, 325

Division C3c of Matthew (Upper Cambrian), in generahzed sec-

tion for Cape Breton, listing included and correlated species

and localities 131

locahties in 307, 307e, 307h, 307j, 308

Division C3c2 of Matthew (Upper Cambrian), in generalized sec-

tion for Cape Breton, listing included species and localities . 131

locahty in 307a

Division E is the Etcheminian, which also see for lists of locahties.

Division Ela, in detailed section on Dugald Brook, Cape Breton. . 134

Division Elb of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included species

and localities : . 134

locahties in 13t, 13t', 344k

Division Elc of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included species

and localities 134

locahties in ISt", 344g

Division Eld of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included and cor-

related species and. localities 134

locahties in 13t", 344e, 344in

Division Ele of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included species

and localities 134

locaUty in 3441i

Di\asion E2a of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included and cor-

related species and locahties 134

locahties in 13d, 13d', 13d", 13f, 13g, 13p, 13p', 307d

Division E2b of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included and cor-

related species and localities 134

locahties in lOp, lOq, 13d, 13d', 344o

Division E2c of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, hsting included species

and localities 134

localities!n 13e, 3441

Division E3a of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, hsting included species

and locahties 133

locahties in 131, 131', 344i

Division E3b of Matthew (Middle Cambrian), in detailed section

on Dugald Btook, Cape Breton, hsting included species

and locahties 133

locahty in 344

Division E3c of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, hsting included species

and locahties 133

locahty in 344a

Division E3d of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included and cor-

related species and localities 133

localities in 13n", 344b, 344c

Division E3e of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, listing included and cor-

related species and locahties 133

locahties in 13n', 344j

Division E3f of Matthew (Middle Cambrian), in detailed section

on Dugald Brook, Cape Breton, hsting included and cor-

related species and locahties 133

locahties in 13in, 13ii, 344d

Division P of Bhlings (Lower Ordovician), locahties in 314c, 314d

See also Quebec group.

Division 2 of Matthew (Upper Cambrian), locahty in 2x

Division 3e (?) of Matthew (Lower Ordovician), locality in 301s

Djupadal, Sweden, locahties in 320a, 320n

Dlouha Hora, Bohemia, localit j'^ on 345

Dobbs Linn, Scotland, locahty at : 316

Dodson Ford, Tennessee, localities near 103a, 103b

dolatus, see Obolus.

Dolgeily, North Wales, locahties near 318, 318c, 318f, 366g, 366h

Dolgelly group, in generahzed section for England, Scotland, and

Wales, hsting species and locahties 135

Dome Canyon, House Range, Utah, locahties in llw,

30c, 30d, 30e, 31s, 31v

Dome Canyon hmestone, in detailed section in House Range,

Utah, hsting included andcorrelated species and localities. 157

Dome Lake, Bighorn Motmtains, Wyoming, locality near 168

Domglint, Esthonia, Russia, locality at 396d

doris, see Eoorthis.

Dorsal valve, defined 293

reasons for preservation of, in Trematoholus 617

Down (County), Ireland, locality in 317

Dresbach, Minnesota, localities at 84, 84f

Drinkwater mine, Silver Peak quadrangle, Nevada, locaUty near.. Iv

Druidhill Burn, Scotland, locality at v 316b

Dry Creek, Montana, localities on 150a, 152a, 152b, 153, 153a, 154

Dryton, England, locahty at 3041

dubla, see Lingulella and Siphonotreta.

Dublin (County), Ireland, locality in 317a

Dugald Brook, Cape Breton, detailed section of Middle Cambrian
on, listing included and correlated species and locahties. 133-134

locahties on lOp, lOq,

13d, 13d', 13d", 13e-g, 13k, 131, 131', 13n, 13n', 13n", 13p, 13p',

13t, 13t', 13t", 344, 344a, 344b, 344d, 344f-i, 344k-in, 344o, 372f

dugaldensis, see Protorthis (Loperia).

Dug^vay Range, Utah, locality m 32t

Dumfriesshire, Scotland, localities in 316, 316b

Dunderberg mine. Eureka district, Nevada, locality near 66

Dunderberg shale (Upper Cambrian), detailed section, listing

included and correlated species and localities 139

locahties in 61, 62, 66

mentioned 6S8, 689

Dunn County, Wisconsui, locahties in 79a, 80, 82a, 100, 134, 134a

Dimns shore. New Brunswick, locahty at 301z

Dutchess County, New York, Lingulella (Lingulepis) acuminata

in, discussed 548

localities in 32, 108, 367d, 367e, 367j

Dwight, W. B., bibhographic references 16

Eagle Mihs, New York, locahty near 338y

Eakies Mihs, Maryland, localities at 16f, 47f

East Bay, Cape Breton, localities on. . lOr, 131, 13q, 307j, 325, 325b, 372d

East Braintree, Massachusetts, locality at 326b

East Canyon, Oquirrh Range, Utah, locahty in 329c

East Fork, see Paradise Dry Canyon.

East GaUatin River, Montana, locahties on or near 4g:,

4h, 155, 155a, 156a, ISOb, 157, 158, 158a

Easton Station, New York, localities near 39a, 3381

East Point, Nahant, Massachusetts, locality at 326g

East Prussia, localities in 386, 386a-c, 386i-k

localities in, correlated with those of Russa 143

Eau Clau'e, Wisconsin, locahties near 78a, 98, 98x

Eau Claue County, Wisconsin, localities in 78a, 98, 98x

EchinospJixrites hmestone—CI (Ordovician), in generalized sec-

tion for Russia, listing species and locahties 143

localities in 336. 336v, 3861-1

"Edge\vise beds" (Upper Cambrian), in generahzed section for

Missomi, hsting species and localities 137

localities in (see p. 137) Ilk, 369a

referred to the Upper Cambrian 137

Edson, George, species named for 328

edsoni, see RusteUa.
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Edwardstown, Quebec, locality in 319u

Egan Canyon, Egan Range, Nevada, locality in 8f

Egan Range, Nevada, locality in 8f

Egeberg, Norway, locality at 323v

Eggegrund Island, Sweden, locality on 311

stratigrapbic position of bowlders found on, discussed 684

eggegrundensis, see Acroircta.

Eicbwald, C. E. von, bibliographic references 16

species named for 390

eicliwaldi, see Obolus.

Ekerum, Oeland Island, Sweden, localities near 310e, 310f

Elbe River, Germany, locality near 386e

Eldon limestone (Middle Cambrian), detailed section, listing in-

cluded and correlated species and localities 126-127

localities in 35g, 57n

Eldorado limestone (Middle Cambrian), detailed section, listing

included and correlated species and localities 140

localities in 54, 55, 55b, 57

elegaris, see Obolus.

elegantula, see Curticia and JEostrophomena.

Elkania, described 561

cardinal area discussed 304

classification of 310, 321, 323

compared with MonoboUna 37S, 410

Obolus and Obolus {Fordin'ta) 428

Schuchertina 585

development of area in 561,562

evolution discussed 318

evolution of 317

general geographic and stratigrapliic distribution of

the species referred to 103

Hall and Clarke on development of 309

muscle scars discussed 312

number of Ordovician species and varieties of 113

number of species of, in different type^ of sediment. . 160

ambigua, described 562

compared with Elkania desiderata 563

general geographic and stratigrapbic distribution tab-

ulated 103

platform discussed 310

type specimen figured PI. LI, fig. 2a

desiderata, described 562

compared with Dicellomus pectenoides 575

Elkania ambigua 562

Elkania ida 563,564

Obolella 562

Obolus 563

Obolus apollinis 562

Obolus iFordinia) perfectus 430

discussed 561

general geographic and stratigrapbic distribution tab-

ulated 103

platform discussed 310

type specimen not figured.

ida, described 563

general geographic and stratigrapbic distribution tab-

ulated 103

platform discussed 310

type specimen not figured.

ELkaniinge, classification of 321, 323

genera and species referred to, described 561-564.

Elk Pass, Yellowstone National Park, Montana, locality in 302f

Elk Range, Colorado, locality in 360c

ella, see Obolus ( Westonia).

ella onaquiensis, see Obolus ( Westonia).

Elliptocepliala asaphoides, association mentioned 473, 531, 605

Elliptocephala asaphoides fauna, mentioned 594

Ells, R. W., species named for 496

elUi, see JAngulella.

elongata, see Obolella crassa.

elongatus, see Obolus ( Westonia).

El Paso Coimty, Colorado, localities in 186,

186a, 187, 360, 360a, 360d, 360f, 360g

El Paso County, Texas, locality in 353b

Elvins, Missouri, localities near 369a, 369c

Elvins formation (Upper Cambrian), in generalized section for

Missouri, listing species and localities 137

localities in 11 1, 369, 369d

Ely, Nevada, locality near 8p

Ely Mountains, Nevada, locaUties in 7k, 31

Emigrant formation (Upper Cambrian), locaUties in 7s,

7v, 7x-z, 8a, 8b', 8r

note on 137

Emigrant Pass, Nevada, localities near 7x-z, 8a, 8b'

Emigrant Peak, Nevada, localities near 7r, 7s, 7v, 8r

Emigsville, Pennsylvania, localities near 49, 49b, 49c, 49w, 346

Emmons, E., bibliographic references 16

species named for 685

Emmons, W. H., bibliographic reference 16

emmonsi, see Acrotreta.

Endlich, F. M., species named for 342

endlicln, see Micromitra sculptilis.

Enger^nk, Norway, locality at 323e

England, Cambrian species of, listed 120-121

generalized section of Cambrian and Ordovician in, listing

species and localities 135-136

localities in 304, 304a-l, 304ii-p

" Eoobolus," characterized 377

synonym of Obolus 377

Eoorthinse, classification of 321,326

genera and species referred to, described 772-795

surface ornamentation discussed 303

Eoortliis, described 772

cardinal area discussed 305

classification of 321 , 326

compared with Billingsella 755

Finkelnburgia 793, 794

Orusia 705

cruralium mentioned « . . 309

evolution discussed.... 320'

evolution of 317

general geographic and stratigrapbic distribution of

the species referred to 108, 109

general stratigrapbic distribution and number of Cam-
brian species and varieties of Ill

intermediate between Billingsella and Ordovician

orthoids - 773

intermediate between Billingsella and Orthis 772

mentioned 761

muscle scars discussed 313

number of Ordovician species and varieties of 113

number of species of, in different types of sediment. . . 160

pseudospondylium discussed 307

reference to, of Eoortliis atava discussed 774

Eoortliis christianise discussed 775

Eoorthis f diablo discussed 779

Eoorthisjohannensis discussed 782

Eoorthis saltensis discussed 788-789

Eoorthis sp. undt. a mentioned 792

"Leptxna melita" discussed 777

"Orthis sp, Pompeckj " mentioned 793

type species " Orthis remnicha" 773

Ulrich on spondyhum SOS

vascular markings discussed 311, 312

agresic, described 773

compared with Eoorthis sp. undt. c 793

general geographic and stratigrapbic distribution tab-

ulated lOS

tjTJe specimen figured PI. LXXXIX, fig. 6

atava, described 774

general geographic and stratigrapbic distribution tab-

ulated lOS

type specimen figured PI. XCV, fig. 7

bavarica, described 775

general geographic and stratigrapbic distribution tab-

ulated lOS

type specimen figured PI. XCVII, fig. 4

christianise, described 775

compared with Eoorthis daunus 776

Eoorthis tullbergi 790

Eoorthis wimani 791

does not include Eoorthis daunus 775,776

does not include Eoorth is tullbergi 776, 790

general geograpliic and stratigrapbic distribution tab-

ulated lOS

restricted to the specimens from the Ceratopyge shale . . 775

type specimen not figured.
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Eoorthis daunus, described 776

characterized 775

L with Eoorthis chnstianise 775

EooTthis tuUbergi 790

Eoorthis wimani 791

general geographic and stratigraphic distribution tab-

ulated 108

the " Orthis christianise" from the Ccra^opy^e limestone 775

type specimen figured PI. XCV, fig. 2a

desmopleura, described 777

compared with Eoorthis kayseri 7S2

Eoorthis linnarssoni 783

Eoorthis pagoda 785

Eoorthis wicMtaensis 790

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCVI, fig. Ih

desmopleura nympha, described 778

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCVI, fig. 2

^ diablo, described 778

general geographic and stratigraphic distribution tab-

ulated lOS

type specimen figured PI- XCIII, fig. 3

doris, described 779

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCVII, fig. 13a

Mstingsensis, described 779

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCIV, fig. 3

iddingsi, described 780

compared with Eoorthis newtonensis 784

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCI, fig. 3

indianola, described 780

compared with Eoorthis doris 779

Eoorthis iddingsi 780

Eoorthis newtonensis 784

Eoorthis primordialis 785

general geographic and stratigraphic distribution tab-

ulated 108

ty^e specimen figured PI. XCIV, fig. 2

johannensis, described 781

compared with Eoorthis hastingsensis 779

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCVII, fig. 10

Icayseri, described 782

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PL XCVII, fig. 6a

Mchouensis, described 782

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. LXXXIX, fig. 5

linnarssoni, described 782

compared with Eoorthis kayseri 782

general geographic and stratigraphic distribution tab-

ulated IDS

type specimen figured PI. XCVII, fig. 5a

melita, discussed 777

newherryi, described 783

compared with Eoorthis zcno 792

general geographic and stratigraphic distribution tab-

ulated. 108

type specimen figured text fig. 69B, 783

newtonensis, described 784

general geographic and stratigraphic distribution tab-

ulated 108

type specimen not figured.

jpagoda, described 784

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCVII, fig. 12

EooTtMs papias, described 785

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. XCI, fig. 4

primordialis, described 785

, general geographic and stratigraphic distribution

tabulated 108

"intermediate between Orthis and Spirifer" 785

type specimen figured PI. XCVII, fig. 1

rcmnicha, described 786

cardinal process discussed 306

compared \vith Billingsella exporrecia 755

JBillingsella retroflexa 761

Eoorthis f diablo 778

Eoorthis indianola 780

Eoorthis newherryi 783

Eoorthis remnicha f.exana 787

Eoorthis remnicha winfieldensis 788

Eoorthis tatei 789

Eoorthis wicMtaensis 790

Eoorthis wimani 791

Finkelnburgia osceola 795

Oribsia lenticularis 767

general geographic and stratigraphic distribution

tabulated 108

type specimen not figured.

shell section figured text fig. 7, 299

remnicha sulcata, described 787

compared with Finkelnburgia osceola 795

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. XCII, fig. la

remnicha texana, described 787

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. XCII, fig. 4

remnicha winfieldensis, described 788

compared with Eoorthis remnicha 786

Eoorthis zeno 792

general geographic and stratigraphic distribution

tabulated 108

type specimen figured .-."". PI. XCI, fig. 2

saltensis, described 788

compared with Orusia lenticularis 768

general geographic and stratigraphic distribution

tabulated 180

type specimen figured PI. XCVII, fig. U
tatei, described 789

general geographic and stratigraphic distribution

tabulated 108

tj'pe specimen figured PI. XCVII, fig. 15a

thyone, described 789

general geographic and stratigraphic distribution

tabulated 108

type specimen figured text fig. 70A,789

tuUbergi, described 790

general geographic and stratigraphic distribution

tabulated 108

not a variation of Eoorthis christianise 776, 790

type specimen figured PI. XCV, fig. 3

wicMtaensis, described 790

compared with Eoorthis desmopleura 777

Eoorthis indianola 780, 781

Eoorthis linnarssoni 783

Eoorthis pagoda 785

Eoorthis thyone '. 789

Eoorthis WicMtaensis Iseviusculus 791

general geographic and stratigraphic distribution tab-

ulated lOS

type specimen figured PI. XCIV, fig. 1

WicMtaensis Iseviusculus, described 791

compared with Eoorthis wichitacn^is 790

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. XCIV, figs. Ip-s

wimani, described 791

characterized 775-776

with Eoorthis christianise 775
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Eoorihis wimani—Continued.

general geographic and stratigraphicdistribution tabu-

lated -,- 108

type specimen figured PI. XCV, fig. 4a

zeno, described ^ 792

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured text flg. 71A, 792

sp. undt. a, described 792

general geographic and stratigraphic distribution tab-

ulated 108

type specimen not figured.

sp. undt. b, described 792

general geographic and stratigraphic distribution tab-

ulated 109

type specimen not figured.

sp. undt. c, described 793

general geographic and stratigraphic distribution tab-

ulated 109

type specimen figured PI. LXXXIX, fig. 7

sp. undt. d, described 793

general geographic and stratigraphic distribution tab-

ulated 109

type specimen figured PI. LXXXIX, fig. 8

sp. undt. e, described 793

general geographic and stratigraphic distribution tab-

ulated 109

Eoorthoids (Cambrian), shell structure compared with that ot

Ordovician Protremata 300

Eophyton sandstone (Lower Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 146

localities in 390j, 390k

Eostrophomena, described 795

cardinal area discussed 305

classification of 321, 326

evolution discussed 320

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 109

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

number of species of, in different tj^pes of sediment. . 160

typesp. " Strophome7m(Eostrophome7ia)elegantula" . 796

elegatUula, described 796

general geographic and stratigraphic distribution tabu-

lated 109

type specimen figured PI. XCV, flg. 6

"walcotti," discussed 796

Ephebio,_ defined 294

erecta, see Nisv^ia {Jamesella).

Ennnys venulosa, association mentioned 498

eroSj see Lingulella (Liiigulepis).

Erras, Esthonia, Russia, localities at 337, 337d

Ersholmen Island, Sweden, locality on 311v

eryx, sGeAcrothele matthewi.

Escabrosa Ridge, near Bisbee, Arizona, locality on 358b

Escanaba Elver, Michigan, locality on 330a

escasoni, see Obolus (Westonia).

Escasonie Indian Reservation, Cape Breton, locality near 344e

Escasonie shore. Cape Breton, locality on 325b

Esmeralda County, Nevada, localities in 11,

Im, Ip, Iv, 7r, 7s, 7v, 7x-z, 8a, 8b', 8r, 174c, 175, 184, 3131

Essex, New York, locality near 367h

Essex County, Massachusetts, localities in 326c, 326g

Essex County, New York, locahties in 77, 136, 338r-t, 367c, 367f-h

Esthonia, Russia, locahties in 9d,

336b-d, 336f, 336h, 336i, 336ill, 336r-t, 336v, 336z, 337, 337a-f

,

337g-l, 337 1, 395, 395a-v, 395x, 396, 396a-d, 396g-], 396m-y

estlionia, see ScMzamban.

EstillviUe quadrangle, Teimessee, locality in 374e

Esfillville pike, Tennessee, locality near 102c

ifetage C of Barrande (Middle Cambrian), in generalized section for

Bohemia, listing species and localities 124

locahties in 345c, 345f-li, 3461

Etage dl of Barrande (Lower Ordovician), in generaUzed section

for Bohemia, listing species and localities 124

locaUtiesin 303b, 303d, 303e, 303g-l

Etage d2 of Barrande (Lower Ordovician), in generaUzed section

for Bohemia 124

Etage d3 of Barrande (Lower Ordovician), in generalized section

for Bohemia, listing species and localities 124

locaUtiesin 303, 303a, 303p
Etage d4 of Barrande (Ordovician), in generalized section for

Bohemia, listing species and localities 124

localities in 303m-o
Etage Ic of Brogger (Middle Cambrian), in generalized section for

Sweden, Denmark, Pinland, and Norway, listing species

and locaUties ., 146

localities in 324a, 324b
Etage Id of Brogger (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and loeaUties 145

locaUty in ; 324c

Etage 2b of Brogger (Upper Cambrian), in generaUzed section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 145

localities in 323 1-u
Etage 3aa of Brogger (Upper Cambrian), in generaUzed section tor

Sweden, Denmark, Finland, and Norway, listing species

and locaUties 145

Etage3a/9 of Brogger (Upper Cambrian), in generalized section for

Sweden, Denmark, Finland, and Nonvay, listing species

and locaUties .- 145

locality in 323w
See also Ccraiopygc slate.

Etage 3ar of Brogger (Passage beds), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 144

localities in 323d, 323e, 323g

See also Ceratopyge Umestone.

Etcheminian, detailed section of, listing included and correlated

species and localities 133-134

Elb (Middle Cambrian), localities in 13t, 13t', 344k

Elc (Middle Cambrian), localities in 13t", 344g

Eld ( Middle Cambrian), localities in 13t", 344e, 344m.

Ele (Middle Cambrian), locaUty in 344h-

E2a (Middle Cambrian), localities in 13d,.

13d', 13d", 13f, 13g, 13p, 13p', 3074

E2b (Middle Cambrian), localities in lOp, lOq, 13d, 13d', 344o .

E2c (Middle Cambrian), localities in 13e, 3441

E3a (Middle Cambrian), localities in 13 1, 13 1', 3441

E3b (Middle Cambrian), locality in 344

E3c (Middle Cambrian), locality in 344a

E3d (Middle Cambrian), localities in 13n", 344b, 344c

E3e (Middle Cambrian), localities in 13n', 344j

E3f (Middle Cambrian), localities in 13m, 13n, 344d

(Lower Cambrian), locality in 314b

Etheridge, R., jr., bibliographic references 16

species named for 346, 807

Etheridge. R. [Salter, J. W., and], bibUographic reference 23

etheridgei, see HuencUa and ificromitra (PaleriTia).

Etowah County, Alabama, localities in 137, 138, 139, 361

Ettrick, WisconsUi, locality at 100a

euglyphus, see Obolus ( Wcstonia).

"Euobolus, " characterized 377-378

compared with "^cri7w," '^Schmidtia," and " Thysanotos"

by Mickwitz 434

Lingulella and Obolus 378

Obolus (Schmidtia) 442, 445

mentioned 542

synonym of Liiigulella : 37S

Eureka, Utah, localities near 34n, 34s

Eureka County, Nevada, localities in 221,

313c, and those in Eureka district, which see.

Eureka district, Nevada, localities in 52,

54, 55, 55b, 56, 57, 57b, 58, 69, 60, 61, 62, 62a, 63, 64, 65, 66,

201, 201a, 202, 203, 203a, 204, 205, 206a, 209, 211, 3131i, 313j

Eureka district section, in detail, listing included and correlated

species and locaUties ,

139-140

cuTCkensis, see Orusia.

Europe, zoologic list ot Cambrian species of, giving distribution by
countries 120-121

zoologic list of Ordovician species of 123

ezcelsis, see Trematobolus.

exigua, see Linyulclla (Litigulepis).

eximia, see Lingula.
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ex'porrecta, see Billingsella.

exporrecta rugosicostata, see Billingselld.

^isiiittTis limestone (Middle Cambrian), locality in 320d

See also Conocoryphe ezsulans zone.

Fib of Owen (Upper Cambrian), localities in 328h,3391

FAgelsing, see Fogelstog.

Fahna Brook, Estbonia, Russia, locality on 396c

** Fairview formation," discussed 131

Fall, Esthonia, Russia, localities near 396b, 396c, 3961

Fail River, Massachusetts, locality near 326a

Falls Creek, Texas, localities near moutb of 14e, 14q

False area, defined 294

Families, general stratigraphic distribution of, and nimiber of

Cambrian genera and species in 112

number of genera and species of , in the monograpb 113

mmiber of Ordovician genera and species in 113

Fandango Spring Canyon, Dugway Range, Utah, locality in 32t

Fanglanchon, China, localities near C72, C74

Fanton Island, Sweden, localities on 321, 321a-d, 321o

favosa, see Obolclla (^Glyptias).

Feistmantel, K., species named for 392

feistmanteli, see Obolus.

Felbabka, Bohemia, locality at 345b

ferruginea, see Lingulella.

fesiiTmta, see Nisusia.

festinata traiisversa, see Nisusia.

Ffestiniog, North Wales, localities near 305f, 366a, 366f, 366], 366s

Field, British Columbia, localities near 14s,

35f, 35k, 57e, 57f, 67j, 67m, 67n, 67r, 58J-1, 58p, 58r, 58s

See also Mount Field.

Fillmore, Utah, locality near 33ii

Finkelnburg, W. A., acknowledgments 12

genus named for 794

species named after 795

finkclnburgi, see Finkelnburgia.

FinkelTibuTgiaf described 793

cardinal area discussed 305

classification of 321, 326

evolution discussed 320

evolution of 317

general geographic and stratigraphic distribution of the

species referred to '. 109

general stratigraphic distribution and number of

Cambrian species and varieties of Ill

muscle scars discussed 313

number .of species of, in different types of sediment... 160

pseudospondylium discussed 307

type species "Orthis ( Finkelnburgia) finkelnburgi" 794

Ulrich on spondylium 308

vascular markings discussed 312

finkelnburgi, described 794

compared with Finkelnburgia osceola 793, 794

general geographic and stratigraphic distributiontabu-

lated 109

type specimen figured PI. XCIII, fig. 2

osceola, described 795

compared with Eoorthis remnicha 794

Eoorthis remnicha sulcata 787

Finkelnburgia finkelnburgi 793, 794

general geographic and stratigraphic distribution tabu-

lated 109

type specimen figured PI. XCIII, fig. Id

oscecla corrugata, described 795

compared with Finkelnburgia osceola 795'

general geographic andstratigraphic distribution tabu-

lated 109

type specimen not figured.

Finland, Cambrian species of, listed 120-121

generalized section of Cambrian and Ordovician in, listing

included and correlated species and localities 144-146

localities in 311d-f, 311q-t, 311w-y

stratigraphic position of bowlders in Baltic region discussed 454

finlandensis, see Obolus ( Westonia).

First Creek, Tennessee, locality near Ha
First Creek Gap, Tennessee, locality in 14a

Fish Lake Valley, Nevada, locality near 175

Fish Spring Range, Utah, localities in. 15d, 15p, 16x, 33d, 34g, 341, 329d

Fish Springs, Utah, localities near 33d, 34g, 329d

Flagabro, Sweden, locality at 309b

Flathead formation (Middle Cambrian), locality in 156a

Flathead River (South Fork), Montana, locality near 4v

Flathead sandstone, note on stratigraphic position and correlation

of 137

Flathead shales (Middle Cambrian), localities in 4g, 41i, 4p

note on stratigraphic position and correlation of 137

Flat River, Missouri, localities at H™, 369

Fletcher, Virginia, locality near 331

Flexure line, defined 294

Flinders Range, South Australia, localities in 315b-d

Floyd County, Georgia, localities in .. 13c, 14, 96, 9Gb, 138a, 140a, 140c, 362a

flumenis, see Lingulella.

Foerste, A. F. [Sbaler, N. S., and], bibliographic reference 24

Fogelstag,Sweden, localities at. 309, 309a, 309h, 310h, 310t, 320d, 321z, 390b

Foramen, defined 294

Foraminal tube, defined 294

Forclihammeri zone, in generalized section for Cape Breton, listing

included and correlated species and localities 132

See also Paradoxidesforchhammeri zone.

Ford, S. W., bibliographic references •- 16, 17

subgenus named for 428

(Fordinia), see Obolus (Fordinia).

Forgey Creek, Tennessee, locality on 122a

Formations, systemic reference discussed 98

formosa, see Mickwitzia.

Fort Ann quadrangle. New York, localities in 20,

20a, 21a, 22, 34a, 38, 38a, 367a, 3671

Fort Cassin, Vermont, locaUty near 227

Fort Logan quadrangle, Montana, locality in 9h

Fort Mountain sandstone, section of 131

Fort Sill, Oklahoma, localities northwest of 9p-x, 9z, 12j

note on development of Reagan sandstone near 142

Fossil Butte, Nevada, locaUty at 216a

Fosters Point, Newfoundland, localities near 6i, 6s

Fourmile Creek, Gallatin County, Montana, locality on 340b

Fo.x Glen, Wisconsin, locaUty at lOr

fragilis, see Obolus.

France, Cambrian species of, listed 120-121

localities in 342, 342a

Franconia, Minnesota, localities at 82c, 97b, 97s

Franklin County, New York, localities in Ill, 338u

Franklin County, Pennsylvania, localities in 49d, 346b

Franklin County, Vermont, localities in 16n,

25, 25a, 26, 28, 28a, 87, 87', 319e-g, 319j,

319k, 319m, 319q-s, 319v, 319y, 319z, 392p

franklinensis, see Lingulella.

Franklin Range, Texas, locality in 353b

Freeh, Fritz, bibliographic reference 17

Fredericktown, Missouri, locality at 369f

Fremont County, Wyoming, localities in 302e, 302p

French Creek, New York, locality at 367f

French Creek, South Dakota, locality on 355c

Freshwater Springs, see Resting Springs.

FruitviUe, Pennsylvania, locality near 12v

fuchsi, see Lingulella.

Fucoid beds, in generalized section for England, Scotland, and

Wales, listing species and localities 136

Fucoid sandstone (Lower Cambrian), in generalized section for

Russia 144

in generalized section for Sweden, Denmark, Finland, and

Nom-ay, listing species and localities 146

localities in 309c, 309d, 396q

Gadsden, Alabama, locahties at and near 137, 138, 139

Gafle, see Gefle.

Gagel, C, bibliographic reference 17

Galena, South Dakota, locality at 17j

Gales^'iile, Wisconsin, locality near 79x

Gallatin, Montana, localities near : 302, 302j , 302k

Gallatin County, Montana, localities in 4g, 4h, 4k, 4p,

147a, 148a, 149a, 150a, 151, 151a, 152, 152a, 152b, 153,

153a, 164, 155, 155a, 156a, 156b, 157, 158, 158a, 169,

160, 160a, 161, 302, 302a, 302j, 302k, 302n, 302t, 340b

Gallatin formation, note on stratigraphic position of 137

Gallatin formation (Middle Cambrian), localities in 4k, 4u

Gallatin formation (Upper Cambrian), localities in. . . 4r, 148a, 160, 302f

Gallatin quadrangle, Wyoming, locahties in 302b, 3021i

Gallatin Range, Wyoming, locaUty in 3021
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Gallatin Valley, Montana, localities in ISBb,

160a, 161, 302a, 302c, 302g, 302ii,

See also East and West Gallatin rivers.

Gamage, Miss A. O., species named for 645

gamagei, see AcTothele.

Gap Creek, Tennessee, locality near 18

Garfield County, Colorado, localities in '.

3g, 360h, 3601

Garfield Peak, Wyoming, locality near 302o

Garth, North Wales, locality at 366q

Gastrikland, Sweden, locality in 321n

Gefle, Sweden, localities near 311, 311b, 311c, 311g-o, 321e-iii

Gefleborg, Sweden, localities in. 311, 311b, 311c, 311g-o, 321e-m
gemma, see Acrotreta and Bicia.

gemmula, see A crotreta.

Genera, alphabetic list of those in monograph, giving number of

species of each occurring in the different types of sediment. 160

general geographic and stratigraphic distribution and num-
ber of 98-109

habitat of, discussed and tabulated 160

number of Ordovician 113

species referred to listed, giving general geographic and
stratigraphic distribution and number of 98-109

stratigraphic distribution and number of Cambrian 110-113

zoologic list of Cambrian, giving stratigraphic distribution

and numbers of species 110-111

zoologic list of Ordovician, giving numbers of species 113

Geneva (Copenhagen), Utah, localities near.. Sly, 32c, 32n, 32y, 33t, 34m
Genitalia, shown in figure 374

Genital markings, defined 294
" Genre" nebulosa, discussed 722

Geographic distribution tables 114-123

Geographic and stratigraphic distributiontabulated 98-109

Geological Survey of Canada, acknowledgments 12

Geologic data 98-291

George River station. Cape Breton, locality near 307d

Georgia, Cambrian species of, listed 114-119

generalized section of Cambrian in, listing included and cor-

related species and localities 147

localities in 13c, 14, 59in, 96, 96b, 96x, 138a, 140a, 140c, 362, 3e2a

Georgia, Vermont, localities near 26, 28a, 319g, 319J, 319k, 319m
Germany, Eoorthis daunus in drift blocks in 776

localities in 303c, 303f, 386, 386a-I

See Bavaria, East Prussia, West Prussia, Mecklenburg-
Schwerin, and Posen.

Gerontic, defined 294

Gibraltar Bluff, Lodi, Wisconsin, locality at 86

Gilbert, G. K., species named for 429

gilberti, see Obolus {Fordinia),

Gillis Brook, Cape Breton, localities on 131, 13m, 13q, 13r, 307e

Gillis Hill, Cape Breton, locaUty near 3n
Girty, George TI., acknowledgments 13

species named for 667

girtyi, see Linnarssonella.

Girvan District, Scotland, locality in 316a

Gislof , Sweden, locality at 320]

Givens Ford, Cowan Creek, Alabama, locality near 94o
Givens Mill, Cowan Creek, Alabama, localities at 94x, 94ix

Gjogrefos, Norway, locality at 323s

Glauconite limestone (Passage beds), in generalized section for

Russia, listing species and localities 143

localities in 336yT, 386a, 386b, 396h-o

Glauconite sandstone (Passage beds), in generalized section for

Russia, listing species and localities 143

localities in 396, 396a-f

Glen Eyrie, near Manitou, Colorado, locality near 360f

Glenwood Springs, Colorado, localities at 3g, 360h, 3601

Glommen River, Norway, locality on 323u

Glossina acer, compared with Obolus (,Acritis?) Tugatus 441

Glote, Sweden, locality at 320w
(Glyptias), see Obolella (Glyptias).

Gold Camp, Caballos Mountains, New Mexico, locaUty near 327

Goodliue County, Minnesota, localities in 86a, 113

Goodwin Canyon, Eureka district, Nevada, locality in 209

Goose Creek Canyon, see Big Goose Creek Canyon.
Gordon Creek, Montana, localities near 4q, 4q', 4v, 8j

Gordon Mountain, Montana, localities near 4q, 4q', 8J

Gorham, Frederic P., bibliographic reference 17

Grabau, A. W., bibliographic reference 1)

Grabau, A. W., and Shimer, H. W., bibliographic reference 17

gracia, see Acrotreta.

Graham County, Arizona, localities in 9o, 358

Granboda, Aland Island, Finland, locality at 311r

Grand Canyon of the Colorado, Arizona, localities in 17c,

73, 73a, 73b, 74, 74b, 74c, 74a, 75

grandis, see Lingulella and Lingulella Ixvis.

Grand Teton quadrangle, Wyoming, localities in 4e, 4m-o
Granite County, Montana, localities in 302q, 302r, 340e

Grantsville Peak, Stansbury Range, Utah, locaUties near 32f,

32g, 32j, 32k, 32o, 34u, 34v

granuUUa, see Acroihele (RedUchella), Botsfordia, Biscinolepis, and
Kuiorgina,

Granville, New York, localities near 34a, 38, 38a, 367a

See also Middle, North, and South Granville.

granvilleTisis, see Lingulella.

Gravel River, British Columbia, locahty on 306

Gray, J. E., bibliographic reference 17

Great Belle Island , Newfoundland , locality on 114b

stratigraphic position of beds discussed 482

Great Britain, see also England, Scotland, Ireland, and Wales.

Great Northern shaft, near Twobit, South Dakota, locahty at 17k

Greene County, Tennessee, localities in 117, 117o

Greene County, Virginia, locality in 331

Greeneville, Tennessee, localities near 117, 117c,

Greeneville quadrangle, Tennessee, localities in 102c,

103, 103a, 103b, 104, 122a, 374b

Green Lake County, Wisconsin, locality in 328d

"Green sand " (Ordovician), locality in 3371

Green's ranch. White Pine County, Nevada, locality near 313e

Greenwich, New York, localities at and near 33,

33b, 35, 35a, 36b, 39a, 338f-li, 338 1, 338p, 338z

See also North Greenwich.

gregwa, see Lingulella (Lingulepis).

gregwa robusta, see Lingulella (Lingulepis).

Gregwa Brook , Cape Breton, localities on lOp', 344c

Gronhogen, Oeland Island, Sweden, locaUty at 310w
Gronwall, Karl A., acknowledgments 12

bibliographic reference 17

Groome district, Nevada, locality in 313g

groomi, see Obolella.

Gross Lohovic, Bohemia, locality at 345j

Gruguetta, Sardinia, locality at 354d

Gudhem, Sweden, localities at 320, 320b, 320y

gulicVmi, see Discinopsis.

Gtirich, G., bibliographic references 17

Gutturu Sartu, Sardinia, locality in the valley of 354a

Gwemy-y-Barcud, North Wales, locality at 318u

Gwynfynydd, North Wales, localities at 318c, 318f

Habitat, table showing number of species of each genus occurring

in the different types of sediment 160

Hack4s, Sweden, locality in 320t

Hague, Arnold , bibliographic references 17

Halfmoon mine, near Pioche, Nevada, localities at 7k, 333b

Hall, J. , bibliographic references '. 17

Hall, J., and Clarke, J. M., bibliographic references 18

Hall, J., and Whitfield, R. P., bibliographic reference 18

Hamburg limestone, detailed section, listing included and corre-

lated species and localities 139

Hamburg mine. Eureka district, Nevada, locality near 61

Hamburg Ridge, Eureka district, Nevada, localities on or near. . . 201,

201a, 203a, 204, 313h

Hamburg shale=Dunderberg shale.

Hamilton, Montana, locality near 161

Hammond, New York, locality at 338w
Hancock, Albany, bibliographic reference 18

termmology of 292

Hancock County, Tennessee, locality in 105

Hauford Brook, New Bnmswick, localities on 2f-l,

2k-m, 3a, 301, 301a, 301b, 301d, 301h, 3011, 301v, 308e

Hardingville, New Brunswick, locality at 301s

Hardyston quartzite (Upper Cambrian), locality in lie

Hare Bay, Newfoundland, locality on 314g

Hiirjedalen, see Herjeftdalen.

harlanensis, see Wimanella.

Harlan.Knob, Tennessee, localities near 9, 121, 121a, 123, 124, 124a
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Harlech grits (Middle Cambrian), in generalized section tor Eng-
land, Scotland, and Wales, listing species and localities... 136

localities in 318n, 318o, 366b

Harlech group (Middle Cambrian), locality in 318q
Harley, England, locality near 3041

Harpers Perry, West Virginia, locality near 47c

Hartt, C. F., bibliographic references 18

Hastings cove, near St. Jolin, New Brunswick, localities at 2s, 2t

hasiingsensis, see EoortMs.

HawHns County, Tennessee, localities in 9, 9a,

12q, 101, 101a, 101b, 102, 102c, 103, 103a, 103b, 104,

119, 121, 121a, 122, 122a, 123, 124, 124a, 374b, 374d
Hayden, F. V., bibliographic reference 18

species named for 338
Hayden, F. V. [Meelc, F. B., and], bibliographic references 21

haydeni, see MicromitTa.

Hayes, C. W., bibliographic references 18
species named for 505

Jiayesi, see Lingulclla.

Hayward Creek, Massachusetts, locality on 5

Heart-shaped cavity, defined '
294

Heart-shaped pit, shown in figure 374

Hebert, M., species named for 5O6
Hebertella, classification of, by Ulrich 3O8

compared with Dinorthis 320
cruralium mentioned 309

Tieberti, see LirtguJcUa.

Hebron, see North Hebron.

Hector, British Columbia, localities near 35c,

36g, 35h, 57c, 57g, 57k, 57s, 57y, 58z

Hedemarken, Norway, localities in 8v, 323b, 323t, 324, 324d
Helena, Alabama, localities near 17b, 56c
Helena, Montana, Bkellomus politus from, discussed 577

localities near : 4u, 302s, 340a
See also Mount Helena.

helena, see Lingulclla and Protortlus.

Hehnersen, Gr^goire de, genus named for 3GS
Helmersenia, described 3157

apical foramen in, discussed 367, 3G8

cardinal area discussed 303

classification of 321, 322

evolution discussed 3I8

evolution of 317

false cardinal area mentioned 318

general geographic and stratigraphio distribution of

the species referred to 99

general stratigraphio distribution and number of Cam-
brian species and varieties of 110

muscle scars not shown in 312

niunber of species of, in the different types of sedi-

ment 160

pedicle opening mentioned gig

surface ornamentation discussed 301, 302

type species discussed 367, 368, 309

typespecies "SiphonotTetaladogensis'" 367

"jcremcjcwi," discussed 368, 369

ladotf'ensis, described 368
cardinal area discussed 303

compared with MickwUzia monilifcra 368
Siphonotreta verrucosa 367

discussed 367

general geographic and stratigraphio distribution

tabulated 99

type specimen Cgured PI. LXIII, fig. 7d
hera,seeAcrothcle subsidua.

H6rault, France, localities in 342, 342a

Herefordshire, England, localities in 304, 304a-g

Herjeidalen, Sweden, locality in 320w
Heterorthis, classification of, by Ulrich 308

no Cambrian representatives 320

Hicks, H., bibliographic references IS

species named for 756

Hicks, H. [Salter, J. W., and], bibliographic reference 23

hicksi, see BilUngsella.

High Bridge, on Ausable River, New York, locality at 338s

Highgate Falls, Vermont, localities near 28, 87, 87', 319q

Highgate Springs, Vermont, localities near 26, 319v, 319y

MgJilandensis, see BilUngsella.

Highland Range, Nevada, localities in 30, 31u

Hillsdale, Montana, localities near 150a,

153, 153a, 154, 156, 165a, 166a, 167, 158, 158a

Hillsdale, New York, locality near 367

1

Himon mine, near Pioche, Nevada, locality at 333a

Hinge line, defined 294

HippaTionyx, compared with Nisusia fesiinala 728

Hipponicharion matihem, stratigraphio position of bowlder con-

taining, discussed 454, 684

Hisinger, W., bibliographic reference IS

Historical data 13-98

Hjulsta, Sweden, locality at 320?

Hobbs, W. E., bibliograpiiie reference 18

Hof, Bavaria, localities near 303c, 303f

Hoganas, Sweden, locality at Slip

Hokes Bluff road, Alabama, locality on 139

Holden, Utah, locality near 33 1

Holl, H. B., bibliographic reference IS

Holland, T. H., acknowledgments 12, 665

Hollis Creek, Tennessee, locahty on 117c

Hollybush sandstone, in generalized section for E ngland, Scotland,

and Wales, listing species and localities 135

Hollybush series (Upper Cambrian), locality in 304g

mentioned 559

Holly Gap, see Mount Holly Gap.

Hollywood Point, Newfoundland, locality on 6t

Holm, G., bibliographic reference 18

Holmia Icjerulfi, association mentioned 598, 600

Holmia Icjerulfi zone (Lower Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 146

localities in 8v, 320o, 320x

mentioned 473

Holocephalina, association mentioned 498

inflaia, association mentioned 498

Hoist, N. Olof, acknowledgments 12

Ilolston River, Tennessee, localities near 9a, 104

Homer, Oklahoma, locality near 12p

Honaker limestone (Middle Cambrian), in generalized section for

Tennessee, Georgia, and Alabama, listing species and

localities 147

locality in 2z'

Honey Creek, Oklahoma, locaUty on 12k

Honey Creek, Texas, locality near 69

Hoosac Mountain, Eureka district, Nevada, locality on 206a

Horn, Oeland Island, Sweden, locality at 390m

Hornet Spring, Spring Mountain Range, Nevada, locality at 7n

Hot Springs, Colorado, localities near 335a, 36Db

House Range, Utah, locahties in 3s, 3t, 3w,

3x, 3y, 4, 8g, 81, 8k, lOy, lOz, lln-q, llv-y, 14v, 15b, 15c, 30c-e,

30g, 30h, 30j-n, 30n', 30o, 30w, 30y, 30z, 31q, 31s, 31t, 31v, 105t

House Range section, Utah, in detail, listing included and corre-

lated species and localities 153-158

Houston Coimty , Minnesota, locaUty in 84a

Howchin, Walter, acknowledgments 12

Howell formation (Middle Cambrian), in detailed section in House

Range, Utah, listing included and correlated species and

localities 157-158

localities in 31s, 31v

Hoyts quarry, Saratoga Springs, New York, locality at 76

Hradischt, Bohemia, locaUty at 303k

Hudson, G. H., bibliographic reference , 18

Hudson, Wisconsin, locahties near 79, 79', 79b, 79s, 328]

Huene, F. von, bibUographic references 18

genus named for 805

Huenella, described 805

cardinal area discussed 305

classification of 321, 326

compared with Clarkella 809

Syntropliia 799

evolution discussed 320

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 109

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

mentioned 807,809

number of species of, in different types of sediment . . . 160

oldest species 807

shell structure compared with that of Syntrophia 300

62667°—VOL 51, pt 1—12- -53
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Huenella—Continued.

spondylium discussed 307

type species " Syntrophia texaTia
" 805

Ulrich on spondylium 308

abnormis, described 805

compared with Huenella bilUngsi 806

Huenella orientalis 808

Huenella texana -

.

808

Huenella texana Ixviusculus 808

Syntrophia campbelU 802

general geographic and stratigraphic distribution tabu-

lated 109

muscle scars discussed 313

shell section figured text flg. 13

,

p. 299

shell structure compared with that of Syntrophia later-

alis 300

spondylium discussed 313

type specimen figured PI. CIII, tig. 2a

vascular markings discussed 312

bilUn^si, described 806

general geographic and stratigraphic distribution tabu-

lated 109

type specimen figured PI. CII, flg. 6a

elheridgei, described 807

general geographic and stratigraphic distribution tabu-

lated 109

type specimen figured PI. LXXXIX,fig. 9

lesleyi, described 807

general geographic and stratigraphic distribution tabu-

lated 109

type specimen figured text fig. 75B, 807

orientalis, described SOS

general geographic and stratigraphic distribution tabu-

lated , 109

type specimen figiu-ed PI. CIV, fig. 3

texana, described SOS

compared with Huenella abnormis 806

Huenella billingsi S06

Huenella lesleyi 807

Huenella orientalis SOS

Syntrophia campbelU 802

general geographic and stratigraphic distribution tabu-

siu"face ornamentation discussed

type specimen figured PI. CIII, i

texana Iseviusculus, described

general geographic and stratigraphic distribution tabu-

109

109

type specimen not figured.

vermoniana, described 809

general geographic and stratigraphic distribution tabu-

lated 109

type specimen figured text fig. 76, 809

Hulushan, Cliina, localities on C3, C62

humillima, see Lingulclla.

Himneberg, Sweden, localities on 320r, 321q, 321r, 390f, 390n

hunnebergensis , see Protorlhis.

Hyatt, Alpheus, acknowledgments 12

Hj'ko, Nevada, locality near 216a

Hyolithes, association mentioned 359, 539, 788

compared with Acroihyra 716

amcricanus, association mentioned 613

cf. communis, association mentioned 328

Hyrum, Utah, localities east of.31c-e, 31h, 311-n, 54a-p, 54y, 55h, 55ii, 185z

ida, see Elkania.

Idaho, Cambrian species of, listed 114-119

locaUties In iy,

5a-c, 5h, 54S-X, 55c, 55d, 56f, 56g, 59f, 53g, 163, 322, 322a

species and localities correlated with those of Utah 148-153

idahoensis, see Acrotreta.

Idahoensis alia, see Acrotreta.

idahoensis sulcata, see Acrotreta.

Iddlngs, J. P., species named for 780

iddingsi, see Eoorthis.

Ijora (Ischora?) River, St. Petersburg, Russia, localities on.. 336a, 336n

Ilgast, Esthonia, Russia, localities at 395b, 3951, 395o

Inarticulata, distribution in Cambrian strata 316

Inarticulate brachiopods, defined 294

either corneous or chitinous 296

indhoan,s, see Acrotreta.

India, Cambrian species of, listed 121-122

localities in.
.'

15r, 357, 357a-d

Indian Creek, Nevada, locality near 14in

indranola, see Eoorthis,

Indian Rivep valley, Cape Breton, Nova Scotia, localities in lOp,

lOp', lOp", lOq, 13d, 13d', 13d", 13e-g, 13k,

131, 131', 13m, 13n', 13n", 13p, 13p', 13t, 13t',

13t", 344, 344a-d, 344f-i, 344lE-m, 344o, 372f

See also Dugald, Gillis, and Gregwa brooks.

Indian Spring, Nevada, locality near 7n
Indian View, New York, locality on-, 185a

nflata, see Acrotreta.

nfiatus, see Obolus.

ingricus, see Obolus apolUnis.

ino, see Lingulella.

insignis, see Trematobolus.

IS, see Lingulella.

'se, see Lingulella atava.

Interior continental province, Cambrian species in, listed 114^119

Interlocking plications, discussed 303

i7itcrmedi(t, see Acrothcle.

Intestine, shown in figure 374

Inyo Coimty, CaUfomia, localities in '.

7,

8b, 141, 14n-p, 53, 53a, 176, 176a, 178a, 312, 312a

Inyo Range, California, locality in 176a

inyocnsis, see Wimanella.

iolc, see Lingulella.

Iowa, Cambrian species of, listed 114-119

locahties in * 341, 341a

note on stratigraphic position of localities in 159

"Iphidca,^' mentioned 344,359

notes on use as a generic name 334

"sculptilis," type of Micromitra 333

Iphidella, derivation 359 *

notes on use as a subgeneric name 334, 359

used as a subgenus 336, 359

(Iphidella), see Micromitra {Iphidella).

iphis, see Obolus ( Westonia).

Ireland, Cambrian species of, listed 120-121

looaUtiesin 317,317a

irene, see Lingulella.

iris, see Lingulella.

Iron Coimty, Missouri, localities in lid, 369e

Iron Mountain, Mieliigan, locality at 330b

Iruya, Argenttua, locality at 389d

Ischora River, see Ijora River.

Isenhof, Esthonia, Russia, localities at 395e, 3951, 395r, 395u

ismene, see Obolus.

isse, see Lingulella.

Iswos, St. Petersbvurg, Russia, locality at 396k

Italian Ranch foothills, Nevada, locality near 7]

Italics, explanation of use of, in localities 328

Italy, localities in 354, 354a-f

See also Sardinia.

Itler limestone, in generalized section for Russia 143

Ivangorod, Russia, see Narwa.

Jackson Creek, Teton Mountains, Wyoming, localities on 4e, 4m-o

Jackson Lake, Teton Motmtains, Wyoming, localities near— 4e, 4m-o

Jackson mine, Eureka district, Nevada, localities near 62a, 202

Jacksonville road, Alabama, locality on 146

Jaggowal, Esthonia, Russia, locality at 9d

Jaggowal Brook, Esthonia, Russia, locahty on 396u

Jamburg, St. Petersburg, Russia, locality at 395z

James, J. F., bibliographic reference 18

subgenus named for 731

(Jamesella), see Kisusia (Jamesella).

Jiimtland. see Jemtland.

Jefferson County, Alabama, localities in 58o, 66q, 56u, 139a, 140

JefEerson County, New York, localities in 185, 185a, 3383

Jefferson County, Tennessee, locality in 119

Jefferson County, Wisconsin, localities in 97a, 97c, 328a

Jegelecht, Esthonia, Russia, localities near 395,

395a, 395g, 395h, 395m, 395n

Jemtland, Sweden, localities in 3201, 320t, 320w

.Teremejew, P. W., bibUographic reference 18

Jerrestad, Sweden, localities at 31Du, 310x

Jewe limestone, in generalized section for Russia, listing species

and locaUties '^^

"Jewesche Schicht" (Ordovician), locaUty in 337e
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Jinec, Bohemia, localities at 345b, 3451

Joa, Estbonia, Russia, localities at 395, 395g, 395in

jokanncnsis, see Eoorthis.

Johaanian (Middle Cambrian)
,
generalized section of, listing species

and localities 131-132

localities in : I3i, 13r, 308c

Johnson Creek, Bighorn Mountains, Wyoming, locality on 302y

Jomala, Aland Island, Finland, locahties in 311e, 311t

Jordan's, Cherokee County, Alabama, localities near 93, 93ii, 93o

Juab County, Utah, locahties in 14t,

15d, 15x, 33d, 34g, 341, 34ii, 34s, 329d

Jujuy , Argentina, locality in 389b

Jutana, Salt Range, India, locaUty at ". 357a

Kfipgerod, Sweden, locality near 309e

Kakkomaggi, Esthonia, Russia, locality at 396t

Kalmar quadrangle, Sweden, locahties in 310f, 390a, 390d, 390h

Kamennd; hurka, localities and species in zone of, listed 124

KamennAhurka zone (Lower Cambrian), localities in 3451, 345j

Eanab Canyon, Arizona, locality in 75

kanabensis, see Nisusia (Jamesella).

Kardsek, Bohemia, loeaUty on brook of. 345a

Karpinsky, A. P., bibhographic reference. 19

KArtveit, Norway, locality at 323q

Kayser, E., species named for 782

Kayser, F. H. E., bibhographic references 19

kayseri, see Eoorthis.

Keedysville, Maryland, locahties near 47e; 47f

Keeseville, New York, locahties near 338r, 338t, 367f

Keith, A., bibliographic references 19

Kelleys Island, Newfoundland, locality on 314a

Kemp, J. F., species named for 621

kempanum, see Trematobolus.

Kenlochewe, see Kinloehewe.

Kennebecasis Bay, New Brunswick, locahties on 2s-u, 2x, SOSg

Ketona, Alabama, locality at 56q

Keyes, C. R., bibhographic reference 19

Keyes Valley, Nevada, locality in 221

KeyserliJig, A. de, genus named for 628

Keyserlingia, described 628

cardinal area discussed 305

classification of 321, 324

compared with ScMzotreta eUiptica 628

Siphonotreta UTiguiculata 628

evolution of 317

general geographic and stratigraphic distribution

of the species referred to 105

general stratigraphic distribution and number of

Cambrian species and varieties of Ill

number of species of, in different types of sediment ... 160

pedicle tube discussed 315

type species " Orbicula buchi

"

628

bucM, described 628

discussed 628

general geographic and stratigraphic distribution tab-

ulated 105

old-age characters discussed 315

type specimen not figured.
^

" panderi" discussed 369

Khewra, see Kiura.

Khussak, Salt Range, India, locaUty at 15r

Khussak group (Middle Cambrian), localities in 357, 357a-d

kichouensis, see Eoorthis.

Kichou hmestone (Middle Cambrian), locahties in. . C37, C71, C72, C75

Kichou limestone (Upper Cambrian), locaUty in C74
Kimbrel, Alabama, locahty near 90c

Kinderhook Creek, localities on 29, 338b

Kinderhook quadrangle. New York, localities in 32a, 44a, 44b, 338b

King, William, bibhographic references 19

terminology of 292

Kingena, mentioned 506

Kings County, New Brunswick, locahties in 2y, 300, 301f, 308d

Kinloehewe Hotel, Loch Maree, Scotland, localities near 316c, 316d

Kinnekulle, Sweden, localities at 320m» 390p

Kiokiapu, China, locahty near C57

Kisinling limestone (Middle Cambrian), locality in. . , C32

Eliulung group (Middle Cambrian), locahties in CI,

C2, C^7, C9, CIO, C12, C57, C62, C63

Kiulung group (Upper Cambrian), localities in C61, C64

Xiura (Khewra), Salt Range, India, localities at. . J. 357, 357c, 357d

kiurensis, see Lingulella.

Kiviks Esperod, Sweden, localities at 310y, 320k
Kjerulf, T., bibhographic references 19

Klittberget, Sweden, locality at 390

1

Knox County, Tennessee, localities in 10a,

10b, 12, 14a, 18. 106, 106a, 107, 107a, 107b, 107o, 107u, 118, 374

Knox dolomite (Upper Cambrian) , in generahzed section for Tenn-
essee, Georgia, and Alabama, hsting species and locahties. 147

locahties in 12q, 93, 93a, 93o, 105, 107o, 107u
KnoxviUe, Tennessee, localities near 10a,

10b, 12, 14a, 18, 106, 106a, 107, 107a, 107b, 107o, 107u, 118, 374

Koken, E. F. R., bibliographic reference 19

Konigsberg, East Prussia, localities east and south of... 386a, 386b, 3861

Konigshof, Bohemia, locahty at 303

Koporje, St. Petersburg, Russia, locality at 336o
Kopparberg, Sweden, locahties in 8y, 310u, 390

1

Kosh Brook, Esthonia, Russia, locality on 396s

Krekiing, Norway, localities at 3231, 323r, 324b, 324c
Kristiania, see Christiania.

Kristianstad, see Christianstad.

Krusclma hora, Bohemia, locahty at 3031

Kucker limestone, in generahzed section for Russia, hsting species

and locahties ., 143
Kunda Brook, Esthonia, Russia, localities on 396v, 396w
Kunitz, Pskow, Russia, locahty at 336p
Kusal, Esthonia, Russia, locality at 337a
Kuthan, Wilhehn, species named for 733
kuthani, see Nisusia (Jamesella).

Kutorga, S. S., bibliographic reference 19

genus named for 579^ 5so
species named for 692

kutorgai, see Acrotrcta.

Kutorgina, described 579

cardinal area discussed 304

cardinal process discussed 306
classification of 321, 323-

compared with Micromitra (Paterina) labradorica 333
Obolella 532

Obolus „ . . 582

Volborihia 366

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of no

mentioned 334, 357^ 533

muscle scars discussed 313
• number of species of, in different types ofsediment 160

. reference to, of Proiorthis latourensis discussed 742

shell structure 297

stratigraphic position mentioned 31s
surface ornamentation discussed 303

teeth in discussed 532

cingulata, described '.

5S0

articulating processes discussed 307

association mentioned 349

compared with Kutorgina ^ranulata 533

Kutorgina peculiaris 533

Kutorgina perugata 534
Kutorgina sardiniaensis 534

Kutorgina sp. undt 534

Micromitra (Paterina) prospcctensis 353

confused with Micromitra (Paterina) philUpsi 352

RusteUa edsoni 32s
general geographic and stratigraphic distribution

tabulated 104

shell sections figured text figs. 3 and 8, 299

teeth in discussed 532

type specimen not figured.

granulata, described 532

general geographic and stratigraphic distribution
tabulated io4

surface ornamentation discussed 302

type specimen figured PI. V, figs. 5 and 5a
"labradorica swantonensis, " type of Micromitra (Paterina) . . 344

peculiaris, described 533
general geographic and stratigraphic distribution

tabulated 104

type specimen figured PI. V, fig. 2
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KutorgiTia perugata, described 5S3

general geograpliic and stratigraphic distribution

tabulated 104

type specimen figured .• Pi. V, fig. 3c

pterineoidcs, discussed 742

saTdiniacn^is, described 584

general geograpliic and stratigraphic distribution

tabulated 104

type specimen figured PL V, fig. 4

sp. undt., described 584

general geographic and stratigrapliic distribution

tabulated 104

type specimen not figured.

? sp., stratigraphic position of bowlder containing, dis-

cussed 454, 684

Kutorginacea, classification of 321, 323

distribution in Cambrian strata 316

genera and species referred to, described 579-5S5

KutorginidEC, classification of 321, 323

distribution in Cambrian strata 316

genera and species referred to, described 579-584

general stratigraphic distribution and number of Cambrian

genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

Kwagunt Valley, Arizona, localities in 73, 73b

Labrador, Cambrian species of, listed 11^119

localities in 392a, 392c, 392

1

note on stratigraphic position of localities in 143

labradorica, see MicrQmitra {Paterina).

labradorica orientalis, see Micromitra {Paterina).

labradorica swantonenms, see Micromitra {Paterina).

labradorica utahensis, see Micromitra (Paterina).

La Crosse, Wisconsin, locality at _ 78d

La Crosse County, Wisconsin, locality in 78d

Ladoga, St. Petersburg, Kussia, locality near 336q

See also Lake Ladoga and Staroja Ladoga.

ladogensis, see Ilelmerscnia.

Laesa4, Bomholm, Denmark, localities at 16j, 16k, 334e

Ixvis, see Acrothcle subsldua, Lingulella, and Protorthis.

lasvis grandis, see Lingulella.

Iseviusculus, see Eoorthis wicliitaensis and Huenella texana.

Laggan, Alberta, localities near * 35d, 35e

La Grange Mountain, near Red Wing, Minnesota, locality at 113

Lake Champlain, localities near 319j, 319b

See also Vermont.

Lake City, Minnesota, locality near 131

Lake Ladoga, St. Petersburg, Russia, localities near ^36 1, 337k

Lake Louise, Alberta, localities near 35d, 35e

Lake Louise shale (Lower Cambrian), detailed section listing

species and localities 130

locality in ' 35d

Lake Mjosen, Norway, localities near 8v, 323t, 324.

Lake Pepin, Minnesota, localities near 97, 97x, S97x, 339c

Lakeview Ranch, north of Brigham, Utah, localities near 32p,

32x, 33j, 34q, 54k, 54q, 54r, 55e, 105x

"Lakhmina," classification of 566

discussed 565, 566

Hall and Clarke on development of 309

platform mentioned 309

"linguloides," compared with Neobolus warthi 566, 567

discussed 566,567

Lamansky, WL, bibUographic reference 19

lamborni, see Obolus.

lamborni minimus, see Obolus.

Lamellse, discussed 296

lamellosus, see Obolus {Westonia).

Lamotte, see Mine Lamotte.

Lamotte sandstone, in generaUzed section for Missouri 137

Lampasas County, Texas, locality in 14e, 14q

Lancashire, England, locality in 304n

Lancaster County, Pennsylvania, localities in 12v, 346a

Lance Cove, Great Belie Island, Newfoimdland, locality at 114b

Lander, Wyoming, locality near 302e

Landis Valley, Pennsylvania, locality in 346a

Landiisky, Montana, locality near 302z

Langston limestone (Middle Cambrian), apparent equivalent of, in

detailed section in House Range, Utah, listing included

• species and localities 158

Langston limestone—Continued.

in detailed section in Blacksmith Pork, Utah, listing in-

cluded and correlated species and localities 152

localities in 5b, 30e?, 54s, 322a

Lanna, Sweden, locality in 320v

Lansdowne, Ontario, locality in 392d
L'Anse au Loup, Labrador, locality at 392a

Lansing, Iowa, locality near 341

Lansingburg, New York, locaUties at 27a, 387b

Last Chance copper mine. Grand Canyon, Arizona, locality at 17c

Last Chance Gulch, near Helena, Montana, locality in 302s

lata, see Acrothcle matfhcivi.

Lateral areas, defined 294

Lateral septa, shown in figure 374

lateralis, see Syntrophia.

latourensis, see Pro'.ortMs.

Lauzon of Logan (Ordovician), locality in 220a

Lava Canyon, Arizona, locality in 74c

leda, see Obolus tetonensis.

Leeds, Ontario, localities in 392b, 392d, 392e

Leetz, Esthouia, Russia, localities near 396a, 396n
Leitches Creek, see Upper Leitches Creek.

LemJand, Aland Island, Finland, locality in 311r

Lena River, Siberia, locality on 347

len^, see Lingulella and Obolus (Palseobolus) bretonensis.

lenticularis, see Orusia.

lenticularis atrypoides, see Orusia.

lenticularis lyncioides, see Orusia.

Leon, Spain, locality in 350

leos, see Lingulella.

Icpsis, see Lingulella.

Leppiko, Esthonia, Russia, localities at 396a, 396ii

Lcptsena, reference to, of Protorthis hunnebergensis discussed 741

decipiens, compared with Eostrophomena elegantula 796

"melifa," discussed 777

rhomboidalis, compared with Keyserlingia bucM 630

Leptsenae, compared with Nisusia (Jamesella) pellico 735

Lepicmbolon, compared with Schmidtia 378

mentioned 437

(Leptcmbolon), see Lingulella (Leptembolon).

Leptobolus, characterized and species referred to or allied to listed. 472

compared with Lingulella 472, 503

"atavus," mentioned 472

"atavus insulse," mentioned 472

"atavus tritavusl," compared with Lingulella torrentis 535

mentioned 472

"collicia," mentioned 472

"collicia collis," mentioned 472

"flumenis," mentioned 472

"gemmulus," discussed 499

mentioned 472

"grandis," discussed 503

"insular," compared mth Lingulella flumenis 501

"cf. Unguloides, '

' mentioned 472

"torrentis," mentioned 472

Lesley, J. P., species named for 807

lesleyi, see Huenella.

Leuchtenberg, M. H. von, bibliographic reference 19

Levis, see Point Levis.

Levis shales (Lower Ordovician), locality in 319a

leviscnsis, see Acrothcle.

Lewis and Clark County, Montana, localities in.. 4u, 9k, 9in, 302s, 340a

Liaotung, China, locaUties in 332, 332a

Liberty, Bear Lake County, Idaho, localities near 55c,

56f, 56g, 59f, 59g, 163, 322

Libetschov, Bohemia, locality at 303

1

Lidkoping, Sweden, localities in 320m, 320p

Lieben, Bohemia, locality at 303iii

Likkat, Esthonia, Russia, locality near 396s

Lilhnken, Sweden, locality at 320

1

Limestone, number of genera and species identified from 160

Limestone and sandstone, number of genera and species common
to both 160

Limestone and shale, number of genera and species common to

both 160

Limestone, shale, and sandstone, number of genera and species

common to all three 160

limoensis, see Acrotreta uplandica.

Limon Island, near Gefle, Sweden, localities on 311in, 311n
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Lincoln County, Nevada, localities in 7k,

7n, 14in, 30, 31, 31a, 31u, 216a, 313g, 333, 333a, 333b

Lindstrom, G. , species named for 596, 757

lindstTomi, see BiUingsella and Oholella.

lineolata, see Lin^ulclla.

Lingula, association mentioned 7SS

classification 310

compared -with Lingulella 370, 471, 472, 473

Lingulella (Leptembolon) 541, 542

Obolus 373-376

development of platform in 309

evolution discussed 319

mentioned 297,386,407,471,482,508,512,532

shell structure of, compared with that of Obolus 296

vascular markings mentioned 311

"acuminata," mentioned 386

type of Lingulella ( LiTigulcpis) 474

aTiatina, compared with. Lingulella acutangula 474

compared with Lingulella (Leptembolon) lingulse-

formis 543

figured 374

"antiqua," compared with Obolus belli 386

"attenuata,^' compared with Lingulella 473

compared with Lingulella bornemanni 483, 484

Lingulella keberti ^ 506

"aurora," typ^oi Obolus (IVestonia) 378.450

of. bilUngsiana, discussed 503

cincta, surface ornamentation discussed 301

" ? corrugata" discussed 515

"cuneata," compared with Lingulella acutangula 476

"davisi," type of Lingulella 469

" ? dawsoni," discussed and original description copied ... 497, 498

eximia, surface ornamentation discussed 301

"exunguis," m.entioned 531

"? favosa," type of Obolella (Glyptias) 599

"feistmanteli," mentioned 332

lesueuri, compared mth Delgadella lusitanica 560

" ? monilifera," type species of Mickwitzia 329

" ? ordovicensis,'^ discussed 515

"peialon," generic and specific reference discussed 403

"pinnaformis," discussed 547,548

"prima," mentioned 386

" ? producta," discussed 515

Touaulti, compared with Mickwitzia sp. undt 332

mentioned 584

" ? warthi," discussed and compared with Lingulella kiuren-

sis 511
" (?) sp. Matley," discussed 703

"sp. Siemiradzki," discussed 531

Lingula flags, in generalized section for England, Scotland, and

Wales, listing species and locahties 135-136

mentioned 541

Lingula flags, Lower (Upper Cambrian), localities in 318c,

318g, 36ed-n

Lingula flags, Middle (Upper Cambrian), localities in 304g, 366a

Lingula flags, Upper (Upper Cambrian), localities in 305d,

318, 318a, 318b, 318s-v, 366s

Lingula or Lingulella sp. Linnarsson, discussed 499

lingulxformis, see Lingulella (Leptembolon).

LiTigulasma, classification 310

Hall and Clarke on development of 309

mentioned 297

platform mentioned 309

schuclierti, classification of 310

intermediate between Obolus (Fordinia) and Dino-

bolus 310

Lingulella, described 468

cardinal area discussed 304

classification of. 321, 323

compared with "Euobolus" 378

Leptobolus 503

Lingulella (Lingulepis) 544, 545

Lingulella (Lingulepis) acuminata 544

Obolus and Lingula 376

Obolus (Lingulobolv^) 432

Obolus (Schmidtia) 442

development of 309

evolution discussed 319

evolution of 317

Lingulclla—Contmned.

general geographic and stratigraphic distribution of

the species referred to 101-103

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

generic separation from Obolus discussed 471-472

Hall and Clarke on development of 309

Lower Cambrian species of, discussed 472-473

mentioned 379, 3S6, 388, 401, 414, 474, 484, 489, 490, 495, 500,

503, 508, 511, 527, 532, 539, 541, 647, 557, 558, 560, 590, 604

muscle scars discussed 312

number of Ordovician species and varieties of 113

number of species of, in different types of sediment .

.

100

oldest species 530

platform discussed 310

relative position of vascular sinus in species of 377

stratigraphic distribution discussed 473

subdivision of, on basis of outlines of ventral valve 470

surface ornamentation discussed 302

type species "Lingula davisi" 469

umbonal muscle mentioned 313

vascular markings discussed 311

young shells more circular in outline than adult shells.

.

473

acutangula, described 474

compared with Lingulella ampla , 477, 478

Lingulella buttsi 484

Lingulella clarkei 485

Lingulella cuneola 488

Lingulella davidsoni 489

Lingulella grandis 503

Lingulella isse 510

Lingulella lineolata 516

Lingulella nathorsti 473

Lingulella perattenuata 524

Lingulella radula 529

Lingulella schucherti 472

Lingulella tarpa 535

Lingulella (Lingulepis) acuminata 546

Lingulella (Lingulepis) robcrti 557

Obolus 471

Obolus apollinis 472

Obolus lamborni 394, 395

Obolus selwyni 413, 414

Obolus ( Weslonia) aurora 452

Obolus ( Westonia) ella 456

Obolus ( Westonia) euglyphus 461

Obolus ( Westonia) prUandensis 462

Obolus ( Westonia) rogersi 464

general geographic and stratigraphic distribution tab-

ulated ' 101

grouped on the basis of the outline of the ventral valve. 470

muscle scars discussed 312

type specimen not figured.

platform mentioned 310

visceral area (splanchnoeoele) characterized 470

"f affinis," type of Obolus (Lingulobolus) 378,431

agnostoTum, described 476

general geographic and stratigraphic distribution tab-

ulated 101

type specimen not figured.

ampla, described 477

compared with Lingulella oweni 523

Lingulella phaon 525

Lingulella pogonipen^is *. 526

Lingulella (Lingulepis) starri 559

Obolus lamborni 394

Obolus ( Westonia) aurora 452

Obolus ( Westonia) ella 456

Obolus ( Westonia) notchensis 463

Obolus ( Westonia) stoneanus 465

genera! geographic and stratigraphic distribution tab-

ulated 101

type specimen figured PI. XXVIII, fig. 1

visceral area (splanchnoeoele) characterized 470

arguta, described 478

compared with Lingulella iris 509

general geograf>hic and stratigraphic distribution tabu-

lated 101

type specimen figured PI. XXIV, fig. 5
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Lingulella atava, described 479

compared with JjiTif/iiZeZZa aiauo iTWuZa? 480

Lingulella cania 485

collicia 486

flumenis 501

torrentis 535, 536

confused with Lingulella (Lingulepis) gregwa 479, 4S0

general geographic and stratigraphic distribution tabu-

lated -- 101

tjTpe specimen figured PI. XXXV, flg. 5

atava insula:, described 480

general geographic and stratigraphic distribution tabu-

lated 101

type specimen figured PI. XXXV, fig. 8

auga, described 480

general geographic and stratigraphic distribution tabu-

lated 101

grouped on the basis ol the outline of the ventral

valve 470

surface ornamentation characterized 470

type specimen figured PL XXIV, flg. 6b

bella, described 481

compared with Lingulella arguta 479

Lingulella billingsiana 483

Lingulella kiurems 511-512

Lingulella lens 513

Lingulella lepis 514

general geographic and stratigraphic distribution tabu-

lated.. 102

grouped on the basis ofthe outline of the ventral valve. 470

species confused with 481, 482, 487, 513

type specimen flgured PI. XIX, flg. 2h

bellula, described 482

compared with Lingulella arguta 479.

Lingulella Ullingsiana 483

Lingulella prima 527

Obolus rejulgens 410

general geographic and stratigraphic distribution tabu-

lated 102

type specimen figured PL XIX, fig. la

Ullingsiana, described 483

compared with Limjulella ampla 478

Lingulella bellula 482

general geographic and straligraphic distribution tab-

ulated 102

type specimen flgured PL XXIX, flg. 3a«

bornemanni, described 483

general geographic and stratigraphic distribution

tabulated 102

type specimen figured PL XXX, flg. 18

buttsi, described 484

general geographic and stratigraphic distribution .

tabulated 102

type specimen flgured PL XXIX, flg. 4

"cxlata," discussed C04

cania, described 484

compared with Lingulella atava 480

Lingulella atava iTisulse 480

Lingulella manticula 518

Lingulella ora 522

Lingulella upis 53S

confused with Lingulella (Lingulcpis) gregwn 485

general geographic and stratigraphic distribution

tabulated 102

reference to Leptobolus suggested 472

type specimen figured PL XXXV, fig. 3

cedefis, described 485

general geographic and stratigraphic distribution

tabulated 102

type specimen figured PL XXX, flg. 8

clarkei, described 485

general geographic and stratigraphic distribution

tabulated 102

type specimen figured tsxt fig. 42B 486

collicia, described 486

compared with Lingulella atava 480

Lingulella cania 485

Lingulella flumenis 501

Lingulella ora 522

Lingulella upis 538

collicia—Continued,

general geographic and stratigraphic distribution

tabulated 102

type specimen flgured PI. XXXV, fig. 1

" collicia collis,'^ compared with Lingulella collicia 486

concinna, described 486

compared with Lingula 319

Lingulella bella 482

Lingulella lens 513

Obolus acadicus 380

confused with Lingulella bella 481, 482, 487

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXXIII, fig. 2d
" ? cuneata," discussed 503

cuneola, described 4S8

compared with Lingulella acutangula 476

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI, XXVII, fig. 7

damesi, described 489

compared with Obolus chinensis 387

Obolus prindlei 409

general geographic and stratigraphic distribution tab-

ulated 102

generic reference changed 489

type specimen figured PL XXXIX, flg. 8a

davidsoni, described 489

general geographic and stratigraphic distribution tab-

ulated , 102

type specimen flgured PI. XXXII, fig. 1

davisi, described 489

compared with Lingula 319

Lingulella bella 482

Lingulella cedens 485

Lingulella heberti 506

Lingulella kiurensis 512

Lingulella wirthi 541

Lingulella, {Lin^gulepis) exigua 552, 553

Obolus prindlei 379

Obolus (Sckmidtia) celatus -• 472

Obolus (Westonia) ella 456

general geographic and stratigraphic distribution tab-

ulated 102

grouped on the basis of the outline of the ventral valve. 470

type specimen not flgured.

"cL davisi," mentioned 499

"cL davisii Kayser," discussed 490

delgadoi, described 491

discussed 560

general geographic and stratigraphic distribution tab-

ulated 102

generic reference mentioned 473

type specimen figured PI, XXIX, flg. 6

desiderata, described 492

compared with Lingulella manticula 517

Lingulella similis 533

Lingulella wanniccki 539

Obolus prindlei 409

general geographic and stratigraphic distribution tab-

ulated 102

stratigraphic distribution and possible specific differ-

ences in, mentioned 473

type specimen flgured PL XX, flg. 4

dubia, described 494

confused with Obolus (Westonia) ella 495

general geographic and stratigraphic distribution tab-

ulated 102

platform mentioned 310

type specimen flgured PL XXIV, flg. 4

ellsi, described 495

general geographic and stratigraphic distribution tab-

ulated 102

type specimen flgured PL XIX, flg. 3

ferruginea, described 496

compared with Lingulella bellula 482

Lingulella buttsi 484

Lingulella delgadoi 491

Lingulella desiderata 492

Lingulella ellsi 495
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Lingulella ferruginea—Continued.

compared with Lingulella cf. ferruginea ^ 500

Lingulella granvillensis '604

Lingulella lepis S14

Lingulella linnarssoni 516

Lingulella nichohoni 522

Lingulella prima 527

Lingulella primseva 527

Lingulella signata ; 532

Obolusfragilis 393

Obolus prindlci :
409

general geograptiic and stratigrapliic distribution tab-

ulated 102

platform mentioned 310

reference to Leptobolus suggested . - . .• 472

stratigraphic position in Europe and America com-

pared, with lists of associated species 498

type specimen figured PI. XXIX, fig. 2b

Qi. ferruginea, described 500

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXX, fig. 4

ci.ferruginea Kayser, discussed 499

ferruginea ovalis, discussed 497

fiumenis, described 500

compared with Lingulella ora 522

Lingulella upis 538

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXXV, fig. 6

franUincnsis, described 501

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXVI, fig. 3

fuchsi, described 602

general geographic and stratigraphic distribution tab-

ulates 102

type specimen figured PI. XXXIX, fig. 3

"genei/' discussed 495

grandis, described 502

comTiareri -with Lingulella auga 481

Lingulella billingsiana 483

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXXVIII, fig. 2b

granulata (Phillips) , compared with Lingulella heberti 506

granvillensis, described 504

cardinal area aiscussea 303, 304

compared with Lingulella delgadoi 491

Lingulella desiderata 492

Lingulella franMinensis 502

Obolus prindlei 409

Obolus {Lingulobolus) affinis 431

Obolus (Sckmidtia) celatus 471

general geographic and stratigraphic distribution tab-

ulated 102

platform mentioned 310

tj^pe specimen figured PI. XXII, fig. 1

vascular marlcings discussed 311

cf. granvillensis Matthew, discussed . 499, 519

Jiayesi, described 505

compared with Lingulella pliaon 525

Oboluscyane 389

Obolus ( WesUinia) rogcrsi 464

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXV, fig. lb

visceral area (splanclmocoelfi) characterized 470

heberti, described . . ^ 505

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured Pi. XXXIX, fig. Ub
helena, described 506

cardinal area discussed 304

general geographic and stratigraphic distribution tab- *

ulated 102

may equal Obolus mcconnelli in part 396

type specimen figiu-ed PI. XXIV, fig. 3a

Lingulella ? humillima, described 507

general geographic and stratigraphic distribution tal>

ulated 102

type specimen figured PI. XXX, fig. 12

ZTW, described 507

compared with Obolus sinoe 415

general geographic and stratigraphic distribution tab-

ulated 102

platform mentioned 310

type specimen figured PI. XXVI, fig. 4

P inswis, descrilDed 508

general geographic and stratigraphic distribution tab-

ulated .. .
102

type specimen figured PI. XXXII, fig. 2c

idle, described 508

compared with Lingulella desiderata 492

Obolus cyane 389

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured.. .J PI. XXVII, fig. S

ireree, described 508

general geographic and stratigraphic. distribution tab-

ulated 102

type specimen figvu-ed Pi- XXVII, fig. 6

iris, described 509

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXVII, fig. 2

isse, described 509

compared with Lingulella pogonipensis 626

Lingulella wanniecki 538

general geographic and stratigraphic distribution tab-

ulated 102

stratigraphic range discussed and compared 510

type specimen figured PI. XXXIX, fig. 4a

hiurensis, described 611

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXX, fig. 6

Isevis, described ' 512

compared with Lingulella Ixvis grandis *. 512

Lingulella lens : 513

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XIX, fig. 4

Isevis grandis, described 512

general geographic and stratigraphic distribution tab-

ulated .-,-.- 102

type specimen figured ; PI. XIX, fig. 4c

lens, described 512

compared with Lingula 319

Lingulella bella 482

confused with Lingulella bella 481, 482, 487, 512, 513

discussed 487

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXXIII, fig. 1

leas, described 513

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXIV, fig. 2a

visceral area (splanchnoccele) characterized 470

lepis, described 514

compared with L ingulella ferruginea 499

Lingulella linnarssoni 516

Lingulella nickolsoni 522

general geographic and stratigraphic distribution tab-

ulated 1"2

reference to Leptobolus suggested 472

type specimen not figured.

lineolata, described 515

compared with Lingulella franklinensis 502

Obolus ( Wcstonia) euglyphus 462

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XLVIII, fig. 2b

"linguloides," discussed 498

linnarssoni , described 516
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Liiigulella linnarssoni—Continued.

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. SXX, fig. 14

"longovalis," discussed 536

figured 536

manticula, described : 517

compared witb Liiigulella arguta 478

Lingulella clarkei 485

Lingulella desiderata 492

Lingulella granviUensis 504

Lingulella ora 522

Lingulella similis 533

Obolus rotundatus 411

general geographic and stratigraphic distribution

tabulated 102

grouped on the basis of the outline of the ventral valve. 470

type specimen figured PI. XX, fig. Ic

visceral area (splanchnocoele) characterized 470

martinensis, described .' 518

compared vfiih. Lingulellafenuginea 498

Lingulella tumida 537

general geographic and stratigraphic distribution

tabulated 102

outhne of ventral valve characterized 470

type specimen figured PI. XXXVIII, fig. la

minor, described 519

general geographic and stratigraphic distribution

tabulated 102

type specimen figured PI. XXXVII, fig. 3

mosia, described 520

compared with Lingulella mosia osceola 521

Lingulella f signata 532

Lingulella winona '. 540

Lingulella winoTia convexa 540

general geographic and stratigraphic distribution

tabulated 102

grouped on the basis of the outline of the ventral valve. 470

type specimen not figured.

mosia osceola, described 521

compared with Lingulella kiurensis 512

Lingulella rdndomensis 530

general geographic and stratigraphic distribution

tabulated 102

type specimen figured PI. XVIII, fig. 2

nannx), described 521

general geographic and stratigraphic distribution

tabulated 102

grouped on the basis of the outline of the ventral valve. 470

surface ornamentation characterized 470

type specimen figured PI. XXIV, fig. la

nathorsti, described 521

compared with Lingulella acutan^ula 473

Lingulella heberti 506

Obolus ? sp. undt. f 423

cardinal area discussed 304

general geographic and stratigraphic distribution

tabulated 102

type specimen not figured.

nicliolsoni, described 522

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured Pi. XXX, fig. 3

ora, described 522

compared with Lingulella upis 538

Lingulella wanniecki 539

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PI. XXXV, fig. 9

oweni, described 523

compared with Lingulella wanniecki 539

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured , PI. XVIII, fig. 5b
visceral area (splanchnocoele) characterized 470

"? pa^^/orm^5," compared with Lingulella 473

peTattenuata, described 523

compared with Lingulella cuneola 488

Lingulella mosia osceola 521

Lingulella similis 533

Lingulella perattenuaia—Continued.

compared with Lingulella (Lingulepis) acuminata

meeki 550

Obolus (Wcstonia) ella 456

general geographic and stratigraphic distribution tab-

ulated 102

generic and varietal referenqe of form referred to from
Texas, discussed 550

grouped on the basis of the outline of the ventral valve. 470

type specimen figured PI. XXI, fig. lb

visceral area (splanchnoccele) characterized 470

phaon, described 525

compared -with Lingulella cuneola 488

general geographic and stratigraphic distribution tab-

ulated 102

outline of ventral valve characterized 470

type specimen figured PL XXVI, fig. Ic

"pinTiaformis," mentioned ' 548

pogonipensis, described 525

corn-pared with Lingulella isse 510

general geographic and stratigrapliic distribution tab-

ulated 102

type specimen figured PL XX, fig. 3

prinm, described 526

general geographic and stratigraphic distribution tab-

ulated 102

type specimen not figured.

? primseva, described 527

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PL XXXI, fig. 5a

punctata, described 528

compared with Lingulella arguta 479

Lingulella manticula 517

discussed 517

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PL XX, fig. 9

visceral area (splanchnocoele) characterized 470

quadrilateralis, described 528

general geographic and stratigraphic distribution tab-

ulated "102

type specimen figured PL XXXIX, fig. 6

Tadula, described 529

compared with Lingulella bellula 482

Lingulella ferruginea 498

Lingulella ino 507

Lingulella martinen^is 518

Lingulella nathorsti 521

Obolus cyane 389

Obolus fragilis 393

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figured PL XLV, fig. Id

visceral area (splanchnoccele) characterized 470

radula aspera, discussed 529

randomensis , described 530

general geographic and stratigraphic distribution tab-

ulated 102

type specimen figiu-ed. .

.

' PL XXI, fig. 5

rotunda, described 530

compared with Lingulella desiderata 492

Lingulella ellsi 495

general geographic and stratigraphic distribution tab-

ulated 102

type specimen not figured.

schucherti, described 530

cardinal area discussed 304

compared with L ingulella acutangula 472

general geographic and stratigraphic distribution tab-

ulated 102

generic reference discussed 472

oldest species of genus 531

type specimen figured PL XXI, fig. 6

siemiradzkii, described 531

general geographic and stratigraphic distribution

tabulated 102

type specimen figured PI. XXXI, fig. 2

signata, described 532

general geographic and stratigraphic distribution

tabulated 102

type specimen figured PL XXX, fig. II
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LinguUlla similis, described 532

compared with Lingutella desiderata 492

Lingulella teos 514

general geographic and stratigraphic distribution

tabulated 103

type specimen iigured PI. XXI, fig. 2

visceral area (splanehnocoele) characterized 470

? simpler., described 534

general geographic and stratigraphic distribution

tabulated 103

type specimen not figured.

iarpa descril^ed 534

compared with Lingulella franklinensis 502

Lingulella ino 507

general geographic and stratigraphic distribution

tabulated 103

151)0 specimen figured PI. XXIII fig. 2a

texana, described 535

general geographic and stratigraphic distribution

tabulated 103

type specimen figured PI. XLIX flg. 3a

tonentis described 535

general geographic and stratigraphic distribution

tabulated 103

type specimen figured PI. XXXV, flg. 7

, described 536

compared with Lingulella (Lingulepis) gregwa 556

Lingulella (Lingulepis) longinervis 556

Lingulella (Lingulepis) pumila 556

Obolus ? torrentis 418

general geographic and stratigraphic distribution

tabulated 103

intermediate between Lingulella (Lingulepis) gregwa

and Lingulella (Lingulepis) longinervis 556

type specimen not figured.

iumida, described 537

confused with Lingulella (Lingulepis) gregwa 537, 554

general geographic and stratigraphic distribution

tabulated 103

type specimen not figured.

"unguiculus" mentioned 497

upis, described 538

compared with Lingulella wanniecki 538, 539

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI. XXXVI, fig. 3

wanniecki, described 538

compared with Lingulella fuchsi 502

general geographic and stratigraphic distribution tabu-

lated 103

type specimen not figured.

welleri, described 539

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI. XXXVIII, fig. 4

Winona, described 539

compared with Lingulella winona convexa 540

general geographic and stratigraphic distribution tabu-

lated 103

groupedonthebasisoftheoutlineoftheventral valve. 470

type specimen not figured.

winona convexa, described 540

compared with Obolus pheres 408

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI. XVIII, flg. 4a

wirtlii, described 541

compared -with Lingulella cedens 485

general geographic and stratigraphic distribution tabu-

lated 103

type specimen flguxed PI. XXX, flg. 7

zeus, described. .

.

' 541

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured te.xt flg. 45, 541

sp. undt. a, described 541

compared with Lingulella agnostorum 476

general geographic and stratigraphic distribution tabu-

lated 103

type specimen flgnred PI. XXX, flg. 13

Lingulella sp. undt. b, described • - 641

general geographic and stratigraphic distribution tabu-

lated 103

tj'pe specimen not flgured.

sp. Kayser, discussed and compared with Lingulella davisi

s.nd L.ampla 490^91

"(?)sp. Matley," discussed 703

Lingulella (Leptembolon), described 541

characterized 473^74

classification of 321, 323

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 103

general stratigraphic distribution and number of Cam-

brian species and varieties of 110

may include Lingulella ? insons 508

mentioned 378

number of species of, in different types of sediment .

.

160

type species "Obolus (Leptembolon) lingulxformis" 474

liTigulxformis, described 542

general geographic and stratigraphic distribution tabu-

lated 103

type specimen not figured.

lingulseformis solidus discussed 543

Lingulella (Lingulepis), described 644

characterized 474

classification of 321,323

compared with Botsfordia 602

Delgadclla 560

Lingulella 472

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 103

general stratigraphic distribution and number of Cam-

brian species and varieties of 110

mentioned 378, 471, 488, 567, 668, 659, 560, 668

number of Ordovician species and varieties of 113

number of species of, in different types of sediment. .

.

160

reference to, oi Lingulella (Lingulepis) acuminata meeki,

discussed 650

relative position of vascular sinus in species of 377

stratigraphic distribution of species discussed 545

surface ornamentation discussed 302

type species " Lingula acuminata" 544

type species of, discussed 547,548

young shells more elongate than adult shells 473

acuminata, described 545

compared with Lingulella hornemanni 483

Lingulella cuncola 488

Lingulella signata 532

Lingulella (Lingulepis) acuminata meeki 550

Lingulella (Lingulepis) acuminata sequens 551

Lingulella (Lingulepis) exigua 653,555

Lingulella (Lingulepis) gregwa 555

Lingulella (Lingulepis) roberti 557

Lingulella (Lingulepis) rowei 658

Lingulella (Lingulepis) squamosa 559

Obolella chromatica 592

Obolus belli ^86

Obolus rhea 411

Obolus sinoe 545

Obolus (Westonia) rogersi 464

general geographic and stratigraphic distribution tabu-

lated 103

type specimen figured PI. XL, fig. 1

acuminata meeki, described 550

compared with Delgadella lusitanica 560

Lingulella (Lingulepis) eros 551

general geographic and stratigraphic distribution tab-

ulated 103

type specimen figured PI. XLI, fig. 2

acuminata sequens, described 561

general geographic and stratigraphic distribution tab-

ulated 103

type specimen figured text fig. 46A, 551

ocMTnfTMfa wccJisi, merely an error in spelling 550,651

eros, described 651

general geographic and stratigraphic distribution tab-

ulated 103

type speciineu flgured PI. XXXIX, fig. 9
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LinguleUa (Lingulepis) exigud, described I

compared with Lingulella tumida I

Linguldla {Lingulepis) gregwa 554, i

LiTigulella (Lingulepis) longinervis i

Lingulella {Lingulepis) pumila I

Lingulella {Lingulepis) roberti I

confused -with. Lingulella (Lingulepis) gregwa 554,J

Lingulella (Lingulepis) gregwa i

general geographic and stratigraphic distribution tabr-

ulated

type specimen not figured.

young shells more elongate than adult shells

gregwa described J

compared with Lingulella atava ,

Lingulella isse i

Lingulella radula i

Lingulella triparilis i

Lingulella (Lingulepis) exigua 552,553, J

Lingulella (Lingulepis) longinervis i

Lingulella (Lingulepis) pumila i

Lingulella (Lingulepis) roberti i

general geographic and stratigraphic distribution

tabulated

type specimen not figured.

species confused with 479, 4S0, 537, 554, i

young shells more elongate than adult shells

gregwa rohusta, described j

general geographic and stratigraphic distribution tabu-

lated

type specimen not figured.

longinervis, described \

compared with Lingulella triparilis j

Lingulella (Lingulepis) pumila \

Lingulella (Lingulepis) roberti J

Obolus parvus

general geographic and stratigraphic distribution tabu-

lated

type specimen not figured.

pumila, described i

general geographic and stratigraphic distribution

tabulated

type specimen figured Pi. XLV, fig

pygmxa, described i

general geographic and stratigraphic distribution

tabulated

type specimen figured PI. XXX, fig.

roberti, described I

compared with LinguleUa grandis i

Lingulella irene i

Lingulella mariinensis I

general geographic and stratigraphic distribution

tabulated :

type specimen figured PI. XXXVII, fig.

rowei, described I

general geographic and stratigraphic distribution

tabulated :

type specimen figured PI. XXI, fig

spatula, described I

general geographic and stratigraphic distribution

tabulated

type specimen figured PI. XIX, fig

squamosa, described i

general geographic and stratigraphic distribution

tabulated :

type specimen not figured.

starri, described I

compared with Lingulella minor l

Lingulella (Lingulepis) exigua 553, i

general geographic and stratigraphic distribution

tabulated

type specimen not figured.

type specimens lost i

sp. undt., described i

general geographic and stratigraphic distribution

tabulated

type specimen not figured.

^^Lingulepis dalcotensis," compared with Lingulella cuneola

"lusitanica," typeoi DclgadcUa i

" matinalis, " name proposed by Hall *

'

' Lingulepis "—Continued.

"mceki," specific reference discussed I

"minima/' mentioned t

"pinnaformis," compared with Lingulella cuneola -;

mentioned ^

synonymy of forms referred to * 545-'

'^starri var.," discussed t

(Lingulepis), see Lingulella (Lingulepis).

*^ Lingulobolus affinis cuneata," discussed ^

(LiTigulobolus), see Obolus (Lingulobolus).

Linguloids, shell structure of :

Lingulops, mentioned ..-.-> '.

platform mentioned ;

Linnarsson, J. G. O., bibliogi'aphic references

genus named for (

species named tor 516,

'

Linnarssonella, described (

cardinal area discussed J

classification of 321 ,

;

compared with Dicellomus J

Oboldla ;

Obolella ailantica ;

Obolus ;

evolution discussed ;

evolution of i

general geographic and stratigraphic distribution ofthe

species referred to

general stratigraphic distribution and number of Cam-
brian species and varieties of

muscle scars discussed !

number of Ordovician species and varieties of

number of species of, in different types of sediment ...

pedicle tube discussed ;

reference to, of Linnarssonella tennesseensis discussed. (

type species Linnarssonella girtyi i

vascular markings discussed ;

"broadhcadi ," discussed i

girtyi, described i

cardinal area discussed :

compared with Linnarssonella modesta i

Linnarssonella tennesseensis I

Linnarssonella transversa i

Linnarssonella urania (

general geographic and stratigraphic distribution tabu-

occurrence discussed

type of Linnarssonella

type specimen figured Pi. LXXIX, t

minuta, described

compared with Linnarssonella girtyi

Linnarssonella modesta

Linnarssonella nitens

general geographic and stratigraphic distribution tabu-

lated

occurrence mentioned

type specimen not figured.

modesta, described

cardinal area discussed

compared with Linnarssonella nitens

Linnarssonella transversa

Linnarssonella urania ^

.

general geographic and stratigraphic distribution tabu-

lated

occurrence mentioned

type specimen figured PI. LXXVIII, fi]

nitens, described

compared with Linnarssonella modesta

genera! geographic and stratigraphic distribution tabu-

lated

occurrence mentioned
type specimen figured PI. LXXVIII, f

tennesseensis, described

compared with Linnarssonella modesta

general geographic and stratigraphic distribution tabu-

lated

occurrence mentioned
type specimen figured PI. LXXIX, £

transversa, described

compared with Linnarssonella modesta

Linnarssonella nitens
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Jjinnarssonella transversa—Continued.

general geographic and stratigrapliic distribution tab-

ulated 105

occurrence mentioned 666

type specimen figured PI. LXXVIII, flg. 6

mania, described 670

general geographic and stratigraphio distribution tabu-

. lated 105

occurrence mentioned 666

type specimen figured PL LXXVIII, flg. 9a

ijinnarssoni , see EoortTiis and Lin^uleUa.

~*^Linnarssonia," compared with Acroireta 073

discussed 666, 673

mentioned 650, 691, 705

"belli magna," compared with Acrotreta gracia 687

"of. preliosa," discussed 705

Jjiostracus Unnarssoni, association mentioned 531

steinmanni, association mentioned 499

ulricfii, association mentioned ! 499

sp., association mentioned 499

lii San, species named for 693

lisani, see Acrolrela.

Listrium, defined \ 294

discussed 306

Little Antietam Creek, Maryland, locality on 16f

Xittle Belle Island, Newfoundland, localities on lU, 114a

stratigraphio position of beds on, discussed 482

Xittle Belt Mountains, Montana, locality in 340f

Little Belt Mountains quadrangle, Montana, localities in . 4x, 5f , 6k, 340

Little Bras d'Or Lalce, Cape Breton, localities near So, 3q, 10 1

Little Conestoga Creek, Pennsylvania, locality on 12v

Xittle Metis, Quebec, locality at 392g
stratigraphio position of beds at, discussed 705

Little Rocky Mountains, Montana, locality in 302z

Liver, sbo^vn in figure 374

Liverpool road, near York, Pennsylvania, locality on 49a
Livingston quadrangle, Moiitana, localities in 4r, 148a, 302f

Llanberis, North Wales, locality in 366e

Llandeilo shales (Lower Ordovician), in generalized section for

England, Scotland, and Wales, listing species and localities 135

localities in 316, 316a
Llano County, Texas, localities in 14b, 14c, 14r, 68, 68e, 68y, 68z, 353c

-Llanvim, in generalized section for England, Scotland, and Wales. 135

Llyn Dywarchen , North Wales, locality at 3661

Localities, authority for citation explained 328

explanatory statements 160-161

italics in explained 328

Localities 1-227 161-229

Localities 30O-396Z 229-286

Localities C1-C75 288-291

Loch Maree, Scotland, localities near 316c, 316d

Lodenitz, Bohemia, locaUty at 303o

Lodi, Wisconsin, localities at .'

86, 3281, 328

1

Logan, Montana, localities near 4g, 4h, 41c, 4p, 302t

Logan, Sir William E., species named for 351

logani, see MicromiiTa (Palerimi).

Lone Mountain, Nevada, locality on 221

Long Island, Kennebecasis Bay, New Brunswick, locaUties on . .. 2u,

2z, 308g

Long Reach, St. John River, New Brunswick, locaUties on 2y

300, 301f, 308d

Long Point, Trinity Bay, Newfoundland, locality near 6w
loThginerms, see LiTigulella (Lin^ulepis).

Longitudinal axis, defined .' 294

Lookout Mountain, Eureka district, Nevada, locality on 56

Lookout Pass, Onaqui Range, Utah, locality near 33f

Loper, S. Ward, acknowledgments 13

species named for 396

subgenus named -for 744

lo-peri, see Obolus.

(Loperia), see Protorthis (Loperia).

L' Original, on the St. Lawrence River, Canada, locality near 319o

Los Negros, Spain, locality at 350b

Louga (Luga) River, St. Petersburg, Russia, localities ou . . . 336u, 3952

Louise, see Lal^e Louise.

louise, see Micromitra (TpMdella).

Lovened, Sweden, looahties at '. 310q, 320h, 320n

Low, A. P., species named for j 734

Low Hampton, New York, localities near 34, 39, 45b

"Lower black slates ".(Upper Cambrian), locality in 318m

Lower Cambrian;

Alabama, generalized section listing included and correlated

species and localities 147

Alberta, species and localities correlated with those of British

Columbia 129-131

Bohemia, localities and species in listed 124

British Columbia, detailed section listing species and locali-

ties 129-131

California, species and localities correlated with those of

Nevada 137-138

Cape Breton, note on its absence 135

Denmark, generalized section listing included and correlated

species and localities 146

England, generalized section, listing species and localities.. 136

families represented in, listed 112

Finland, generalized section, listing included and correlated

species and localities 146

genera identified in, listed 110-111,317

Georgia, generalized section, listing included and correlated

species and localities 147

line of separation between Middle Cambrian and, in Cor-

dilleran region ; 148, 163

Nevada, detailed sections, listing included and correlated

species and localities 137-138,140

New Brunsmck, note on 135

Newfoundland, detailed section, listing species and localities. 141

Norway, generalized section, listing included and correlated

species and localities 146

Russia, generalized section, Usting species and locaUties 144

Scotland, generalized section, listing species and localities. . . 136

species from, discussed 316,318

species from, listed 8*-109

Sweden, generalized section, listing included and correlated

species and localities 146

Tennessee, generalized section, listing included and corre-

lated species and localities 147

Utah, detailed section, listing included and correlated species

and locaUties : 158

Wales, generalized section, listing species and localities 136

" Lower graptolite slate" (Passage beds), locality in 3901

"Lower lenticular layer" ("Linsenschicht") (Passage beds), in

generaUzed section for Russia 143

localities in or near 396in, 396p
Lower Stockingford shales, in generalized section for England,

Scotland, and Wales, listing species and localities 135

lowi, see Nisusia (Jamesella).

Lucinia divaricator, surface ornamentation discussed 301

Luga River, see Louga River.

Lugn4s, Sweden, localities at 309d, 390]

Luh, near Skrej, Bohemia, locality at 346e

Lumparn, Aland Island, Finland, locality near 311e

Lumparstrommen, Alandlsland, Finland, locality near 311d
Lund, Sweden, localities near 309,

309a, 309h, 3091, 310t, 320d, 321s, 321t, 321z, 390b, 390g
lusilanica, see Delgadella.

Lyok, East Prussia, locality near 386c

lyncioides, see Orusia lenlicularis.

McAdam shore. East Bay, Cape Breton, localities on lOr, 326, 372d
McAphee's corner, Hardingville, New Brunswick, locality at 301s

McCodru'm Brook, Cape Breton, localities on and near 31, 344ii

mcconnelli, see Obolus.

incconnelli decipiens, see Obolus.

mcconnelli pelias, see Obolus.

McCoy, F., bibliographic references 19, 20

McGill post office, Nevada, locality near 313

MoGill's ranch, Nevada, locality near 8p
McGregor, Iowa, locality at 34ia
Mackenzie Basin, British Columbia, locality in 306

McKinley Canyon, Caballos Mountains, New Mexico, locality in.. 327a
McLean Brook, Cape Breton, locaUties on 3i, 10s, lOt, 307f , 307g
McLcod Brook, see Barachois River.

McMinn County, Tennessee, localityln 128a
McMullins Brook, Cape Breton, localities on 16o, 372e

McMuUin's place. Cape Breton, localities near 3p, lOd, 372b
McNaughton Corner, New York, loeaUty at ' 45a
McNeil Brook, Cape Breton, localities on and near 3h, 3071, 325a
McPhees, Cape Breton, locality at 344j

McPhees Brook, Cape Breton, localities on and near lOp", 307b
McPhees Point, see Youngs (McPhees) Point.

macra, see Nisusia (Jamesella) perpasta.
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maculata,see Acrofhele.

Madison, Wisconsin, locality near 85z

Madison County, Missouri, localities in llj, 369f, 369h

Madison County, Montana, locality in 149a

Madison Mountain, Montana, locality at 302w

Maentwrog, North Wales, localities near 3181, 318m

mxra, see Oholus.

magna, see A crotreta sagittalis.

.
Maiden Arm, Hare Bay, Newfoundland, locality at 314^

major, see BUlingsella, Micromitra {Patenna), and Rustella.

Malad City, see Malade.

Malade, Idaho, localities near 4y, 5a-c, 5h, 54s-x, 55d

maladensis, see Micromitra (Iphidella) pannula.

Mallada, L., bibliographic reference 20

Malmohus, Sweden, localities in... 309, 303a, 309b, 309e, 309h, 309i, 310h,

310t-z, 320d, 320j, 320k, 321s, 321t, 321z, 323j. 323k, 390b, 390g

Malvern Hills, England , localities in 304, 304a-g

Malvern "quartzite" (Lower Cambrian), in generalized section for

England, Scotland, and Wales, listing species and locali-

ties 136

localities in 304c, 304d

Main vascular canals, shown in figure 374

Mammoth, Utah, localities near 34n, 34s

Mammoth limestone (Middle Cambrian), localities in 34ii?, 34s

Manitou, Colorado, localities near 186, 186a. 187, 360a, 360f, 360g

manitouensis, see Schizambon.

manticula, see Lingulella.

Manto shale (Lower Cambrian), localities in C3, C17, C20
Manuels, Conception Bay, Newfoundland, localities near 5p, 5r

Manuels Brook, Conception Bay, Newfoundland, localities on 1, la,

2, 3, 6 1, 6n, 6r, 6u, 6v, 41, 314h

Manuels Brook section, in detail, listing species and localities 140-141

species associated with Lingulella fenuginea in 498

Manuels Brook section, 6 (Middle Cambrian), locaUties in la, 6 1, 6n

Manuels Brook section, 7 (Middle Cambrian), localities in 1, 2

Marble River, New York, locality on Ill

Marchillyn-mawr, North Wales,"locaUty at 366e

Maree, see Loch Maree.

Mariehamn, Aland Island, Finland, localities in.. 311f, 311q, 311w, 311y

Marienwerder, AVest Prussia, locality near 386 1

Mariestad, Sweden, localities near 309d, 390j

marion,'see BUlingsella.

Marion Bridge, Cape Breton, locaUties at and near 3h,

31, 3n, 10s, lot, llz, 307g

Marjum limestone (Middle Cambrian), in detailed section in House
Range, Utah, listing included and correlated species and
localities 155-156

localities in 3w-y, 8i, lOy, lOz, lln-q, llx, lly, 15c, 30g, 30z

Marjum Pass, House Range, Utah, localities near 3w,

lOy, lOz, lln, lip, 30h, 30j-n, 30n', 30o, 30w, 30z, 31t

marjumen^is, see Acrotreta.

Marthas Vineyard, Massachusetts, locaUty on 326

martinensis, see Lingulella.

Mary Dingle, England, localities at 304h, 3041

Maryland, Cambrian species of, listed 114-119

localities in 16f , 47d-f

note on stratigraphic position of localities in 159

MaryviUe limestone (Middle Cambrian), in generalized section for

Tennessee, Georgia, and Alabama, listing species and .lo-

calities 147

locality in 123

Massachusetts, Cambrian species of, listed 114-119

first notice of fossiliferous Ordovician pebbles in 464

locaUties in 5, 9n, 326, 326a-g

matthewi, see Acrothele.

matthewi cryx, see Acrothele.

matthewi lata, see Acrothele.

matthewi multicostata, see Acrothele.

Mathews, E. B., [Clark, W. B., and], bibliographic reference 15

matinalis, see Oholus.

Matley, C. A., bibliographic reference 20

Matthew, George F., acknowledgments 12

bibliographic references 20, 21

species named for 649

Maxfield Mine, Big Cottonwood Canyon, Utah, localities near. . 331, 55u

maximus, see Obelus apollinis.

Maynardville quadrangle, Tennessee, locality in 11a

Mazomanie, Wisconsin, localities near 85x, S85x, 328p

Mazouka Canyon, California, locality in 176a

r County, Montana, localities in 5f, 5k, 9h, 340

Meall A Ghiubhais near Loch Maree, Scotland, localities on 316c, 316d

Meath, Ireland, locaity in •. 317a

Mecklenburg-Schwerin, Germany, locaUties in 386e-g

Median ridge, shown in figure 374

Median septum, defined 294

sho^vn in figure 374

Meek, F. B., bibliographic references 21

species named for 550

Meek, F. B., and Hayden, F. V., bibliographic references 21

meeld, see Lingulella {Lingulepis) acuminata.
" Meekina prima," discussed 669

Megalaspis planilimbata zone, in generalized section for Russia 143

See also Planilimbata limestone.

Melinda Ferry, Tennessee, localities near 9a, 101, 101a, 101b, 102

memhranaceus, see Obolus.

mencghinii, see Obolus.

Menevian group, in generalized section for England, Scotland,

and Wales, listing species and localities
'

136

mentioned , 723

species associated with Lingulella ferruginea in 49S

Menevian (Middle Cambrian), locaUties in . 318d-f , 318h, 318J-1, 318p, 318r

Menomonie, Wisconsin, locaUties at and near.. 79a, 80, 82a, 100, 134, 134a

Mercersburg, Pennsylvania, locality near 346b

Merionethshire, North AVales, locaUties in... 305f, 318, 366a, 366f-q, 366s

Meseritz, Germany, locaUty near 386h

Mesonacis torelli zone (Lower Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and locaUties 146

mentioned 596

locality in 3217"

Metadoxides, Bssocmtion mentioned 584

Metis, Quebec, locality at 319h

stratigraphic position of beds at discussed 705

See also Little Metis.

Mettawee quadrangle. New York, localities in 22a, 38c, 338v

Mettawee River, New York, localities on 20, 21a

Meyer's mill, near EmigsviUe, Pennsylvania, locality at 49

Michigan, Cambrian species of, listed 114-119

localities in 330, 330a, 330b

note on stratigraphic position of localities in 159

Mickwitz, A., acknowledgments 11

bibliographic references 21

genus named for 329

mentioned 367

minute discriminations by, discussed 378

species and varieties of Obolus and subgenera recognized by,

in R ussia, listed 3S0'

species named for 404

subgenus named for 434

( J\lic'kwilzclla),see Obolus ( Mickwitzella).

mickwitzi, see Obolus.

Mickwitzia, described 329

cardinal area discussed 303

classification of 321, 322*

compared with Helmerscnia 368

Micromitra 329, 330, 331

Schizocrania 331

evolution discussed 313^

evolution of 317

false cardinal area mentioned 318

general geographic and stratigraphic distribution

of the species referred to 98

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

muscle scars not shown in 312

number of species of, in different types of sediment 160

surface ornamentation discussed 301, 302

type species "Xm^uZa ? monilifera" 329

formosa, described 329'

compared with Mickwitzia monilifera 329, 330, 331

general geogi'aphic and stratigraphic distribution

tabulated 98

type specimen figured PI. VI, figs. 3, 3a-c

monili/era , described 330

cardinal area discussed 303

compared with Helmersenia ladogensis 368

Kutorgina perugata 584

Mickwitzia formosa 329 , 330, 331

Mickwitsia pretioza 332

Mickwitzia sp. undt 332-
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Mickwitzia monilifera—Continued.

general geographic and stratigraphic distribution

tabulated

type specimen not figured.

occidens, described 3

compared with Mickwitzia pretiosa 331-3

general geographic and stratigraphic distribution

tabulated ,

type specimen figured PI. VI, fig

'pretiosa, described 3

compared with Mickwitzia monilifaa 3

Mickwitzia occidens 331-3

general geographic and stratigraphic distribution

tabulated

type specimen figured PI. VI, fig

sp. undt. , described 3

compared with Lingula rouaulti 3

Micktoitzia monilifera 2

general geographic and stratigraphic distribution

tabulated

type specimen not figured.

Mickwitzia conglomerate (Lower Cambrian), in generalized section

for Russia, listing species and localities 1

in generalized section for Sweden, Denmark, Finland, and

Norway, listing species and localities ]

locality in 39

Microdiscus conneius, association mentioned 7

Microdiscus punctatus, associationmentioned 498,

7

MicTomitra, described 2

apical depression, slit, or foramen in species of, dis-

cussed t 334, 335, 1

cardinal area discussed 303, S

classification of. 321, c

compared with Acrothelc 631, f

Acrotkele woodwoHhi (

AcTotreta f cancellata i

Curticia c

Eutorgina 580, i

Linnarssonella (

Mickwitzia 329, 330, i

ScHzambon ? esthonia (

Volborthia J

delthyrium discussed ;

evolution discussed c

evolution of i

general geographic and stratigraphic distribution of

the species referred to

general stratigraphic distribution and number of Cam-
brian species and varieties of ]

interior of, unknown i

mentioned 316, 344, 349, 357,359,361, (

muscle scars not shown in c

notes on use as a generic name 334, c

number of species of, in different types of sedi-

ment ]

shell substance i

species referred to, listed c

stratigraphic distribution ;

surface ornamentation discussed , ;

systematic position discussed ;

type of ornamentation characteristic of 333, 335, i

type species Micromitra sculptilis 333, 335, c

alabamacnsis, described ;

compared with Micromitra (Paterina) labradorica

general geographic and stratigraphic distribution

tabulated

type specimen figured PI. II, fij

haydeni, described

compared -with Micromitra sculptilis

general geographic and stratigraphic distribution

tabulated

habitat mentioned

type specimen figured text fig. 20A,

nisus, described

general geographic and stratigraphic distribution

tabulated

type specimen figiu-ed PI. II, fig

pealei, described

apical slit in discussed

Micromitra pealei—Continued.

compared with Linnarssonella girtyi 666

Micromitra nisus 338

Micromitra (Iphidclla) louise 359

Micromitra (Paterina) crenistria 335

Micromitra (Paterina) stuarti 356

delthyrium discussed 318

general geograpliic and stratigraphic distribution

tabulated 99

surface ornamentation discussed 301

type specimen figured PI. Ill, figs. 3, 3a-b

pusilla, described 339

association mentioned 340

compared with Micromitra scotica 340

general geographic and stratigraphic distribution tab-

ulated ' 99

tj'pe specimen not figured.

scotica, described 340

association mentioned 340

general geograpliic and stratigraphic distribution tab-

ulated - 99

type specimen figured text fig. 21A, 340

sculptilis, described . 341

compared with Micromitra alabamaensis 337

Micromitra sculptilis endlichi 342

Micromitra haydeni 338

Micromitra nisus 338

Micromitra pealei 339

Micromitra zendbia 342

Micromitra sp. undt 343

Micromitra (Ipkidella) pannula 362, 363

Micromitra (Paterina) labradorica 335

Micromitra (Paterina) stissingensis 353, 354

general geograpliic and stratigraphic distribution tab-

ulated 99

labeling of type specimen described 334

stratigrapliic distribution 336

surface ornamentation characterized 333, 335, 336

surface ornamentation discussed 301

tj-pe species of Micromitra 335, 336

type specimen figured PI. Ill, fig. 5

sculptilis endlichi, described 342

general geographic and stratigraphic distribution tabu-

lated 99

type specimen figured text fig. 22, 342

zenoMa, described 342

compared with Micromitra (Paterina) stissingensis 354

Micromitra (Paterina) stissingensis ora 354

general geographic and stratigraphic distribution tabu-

lated .- 99

type specimen figured text fig. 23, 342

sp. imdt., described 343

general geographic and stratigraphic distribution tabu-

lated 99

type specimen figured PI. Ill, fig. 7

Micromitra (Iphidella), described 359

apical depression, sht, or foramen in species of dis-

cussed 334, 335

classification of 321, 322

compared with Obolus and Rhinobolus 335

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 99

general stratigraphic distribution and number of

Cambrian species and varieties of 110

interior of, described so far as kno\vn 333

number of species of, in different types of sediment. . . 160

species referred to, listed 336

stratigraphic distribution of 336, 337

surface ornamentation discussed 301

systematic position discussed 335

type of ornamentation characteristic of 333, 336

type species " Trematis pannulus" 359

louise, described 359

general geographic and stratigraphic distribution

tabulated 99

stratigraphic position discussed 359

stratigraphic position mentioned 316

surface ornamentation discussed 301

type specimen figured text fig. 31A, 359
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Micromitra {IpMdella) nyssa, described 360

compared \vith Micromitra {Iphidella) Ionise 359

general geographic and stratigraphic distribution

tabulated 99

stratigraphic position mentioned 359

surface ornamentation discussed 301

type specimen figured PI. Ill, fig. 9

OTTiateUa, described 360

apical foramen in, discussed 334, 335

apical opening in embryonic stages discussed 335

area in dorsal valve mentioned ' 334

association mentioned 340

compared with Micromitra (Iphidella) nyssa 360

Micromitra (Iphidella) pannula 335, 362

Micromitra (Paterina) bella 334

Micromitra (Paterina) labradorica swaiUoncnsis . 334

Micromitra (Paterina) wapta 357

general geographic and stratigraphic distribution tab-

ulated 99

interior of, described so far known 333

surface ornamentation representative 336

type specimen not figured.

pannula, described 361

apical depression in 335

area of dorsal valve described 334, 335

cardinal area discussed 303

compared with Acrothele bellapunctata 633, 637

BotsfordvL pulchra 602

Discinolepis granulata 664

Kutorgina perugata 584

Micromitra alabaraaensis 337

Micromitra (Iphidella) nyssa 360

Micromitra (Iphidella) ornatella 335, 361

Micromitra (Iphidella) pannula ophirensis 365

Micromitra (Paterina) bella 334

Micromitra (PateriTia) labradorica swantonensis. 334

delthyrium discussed .: 318

general geographic and stratigraphic distribution tab-

ulated 99

habitat and distribution mentioned 159

stratigraphic position mentioned 316. 336j 355, 356

surface ornamentation characterized 333, 336, 341

surface ornamentation discussed 301,302,336

type specimen figured PI. rv, figs, ig and 16

varieties of, characterized 363, 364, 365

pannula maladensis, described 364

characterized 363

compared with Micromitra ( Iphidella) louise 359

Micromitra (Iphidella) pannula 363

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. IV, fig. 2e

pannula ophirensis, described 365

characterized 363

general geographic and stratigraphic distribution tab-

ulated 99

interior of, described so far as known 333

stratigraphic distribution 336,337

type specimen figured PI- IV, fig. 4a

Micromitra (Paterina), described 343

apical depression, slit, or foramen in species of, dis-

cussed 334, 335

classification of. 321, 322

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 98

general stratigrapliic distribution and number of Cam-

brian species and varieties of 110

interior of, described'so far as known 333

number of species of, in different types of sediment. . . 160

species referred to, listed 336

surface ornamentation discussed 301

systematic position discussed 335

type of ornamentation characteristic of 333, 336

type species discussed -'- 336. 344

type species Micromitra (Paterina) labradorica swan-

tonensis 344

mentioned 352

Micromitra (Paterina) bella, described 344

apical foramen in, discussed 334, 335, 345

area in dorsal valve not seen 334=

cardinal area discussed 303

compared with Micromitra pealet , 339

Micromitra sculptilis 341

Micromitra (Iphidella) ornatella 334

Micromitra (Iphidella) pannula..,.- 334,363

Micromitra (Paterina) crenistria 345

Micromitrg- (PateriTia) labradorica 334

Micromitra {Paterina ) supcrba 335, 356

general geographic and stratigraphic distribution tab-

ulated 99

not the type of Micromitra (Paterina) 336

surface ornamentation representative 336

type specimen discussed 335, 345., 350

type specimen figured PI. II, fig. Ic

type specimen (7) referred to Micromitra (Paterina)

logani 335, 345, 350

crenistriay described 345

compared with Micromitra pealei 335

Micromitra ( Paterina) logani . . _ 345, 350

Micromitra (Paterina) stuarti 355

general geographic and stratigraphic distri'butioii tab-

ulated - 99

type specimen figured PI. Ill, figs. 4, 4a-b

etheridgei, described 346

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. Ill, fig. 10

labradorica, described : 347

area in dorsal valve mentioned ^ 334

association mentioned 328

compared with Kutorgina 333

Micromitra alabamaensts 337

Micromitra pealei 339

Micromitra pusilla 340

Micromitra sculptilis 335

Micromitra (Iphidella) nyssa 360

Micromitra (PateriTia) bella 334

Micromitra ( PateriTia) crenistria 345

Micromitra (Paterina) labradorica swantonensis. 349

Micromitra (Paterina) labradorica utahensis 349

Miicromitra (Paterina) labradorica var. undt... 350

Micromitra (Paterina) major 351

Micromitra (Paterina) philUpsi 352

Micromitra ( Paterina) stissiTigensis 353

Micromitra ( Paterina ) supcrba 356

Micromitra ( Paterina) undosa 357

Micromitra (Paterina) wapta 357

general geographic and stratigraphic distribution tab-

ulated 99

interior of, described so far as known 333

notes on generic reference of 334

stratigraphic position mentioned 316. 318

surface.ornamentation characterized 333,336

t5T>e specimen figured PI. II, fig. 2

labradorica orientalis, described 348

compared with Obolus obscurus 407

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. II, fig. 11

labradorica swantonensis, described 348

compared with Micromitra alabamaensis 337

Micromitra (Iphidella) ornatella 334

Micromitra (Iphidella) pannula 334

Micromitra (Paterina) labradorica 347

Micromitra (PateriTia) labradorica orientalis 348

Micromitra (Paterina) labradorica. utahensis 349

Micromitra (Paterina) prospectensis 353

general geographic and stratigraphic distribution

tabulated 99

surface ornamentation representative 336

type of Beecher's genus "Paterina'* 334, 344, 349

type species of Micromitra (Paterina) 344

type specimen figured PI. II, fig- 3

labradorica utahensk, described 349

compared with Micromitra (Paterina) stuarti 355
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MicTomitra (Patcrina) lahradorica utdhensis—Contianed.

general geographic and stratigraphic distribution

tabulated 99

type specimen figured PL II, fig. S

Idbradorica var. undt. , described 350

general geographic and stratigraphic distribution

tabulated . 99

logani, described 350

cardinal area discussed 303

compared with Micromitra (Paterina) crenistria 345,350

Micromitra {Paterina) stuarti 355

founded on type specimen ( ?) of Micromitra (Paterina)

bella 350

general geographic and stratigraphic distribution tab-

ulated 99

the type (?) of Micromitra (Paterina) bcUa 335, 345, 350

type specimen figured PI. II, figs. 6, 6a-b

major, described 351

confused with Obolus smithi 351

general geographic and stratigraphic distribution tab-

ulated 99

original description included specimens now referred

to Micromitra (Paterina) williardi 351

type specimen figured text fig. 25, 351

phillipsi, described 351

confused with KutorgiTia cingulata 352

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. Ill, fig. 8

prospecten^is, described 352

compared with Micromitra (Paterina) wapta 357

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. II, fig. 4

stissingensis , described
.^

353

compared with Micromitra alahamaensis 337

Micromitra (Iphidella) pannula 362

Micromitra (Paterina) stissingensis ora 354

Micromitra (Paterina) wapta 357

general geographic and stratigraphic distribution tab-

. ulated 99

type specimen figured PI. Ill, fig. 1

stissingensis ora, described ^ ^ . . 354

general geographic and stratigraphic distribution tab-

ulated 99

type specimen not figured.

stuarti, described 354

general geographic and stratigraphic distribution tab-

ulated 99

stratigraphic position mentioned 355, 356

type specimen figured text fig. 26A, 355

superba, described 355

apical slit absent 335

cardinal area discussed 303

compared with Micromitra pealei 339

Micromitra (Paterina) bella 335

Micromitra (Paterina) crenistria 345

Micromitra (Paterina) etheridgei 346

Micromitra (Paterina) labradorica utahensis 349

Micromitra (Paterina) williardi 35S

general geogrS-phic and stratigraphic distribution tabu-

lated 99

pseudodeltidium in ventral valve described 334

stratigraphic position mentioned 355, 356

type specimen figured PL II, figs. 7, 7a-b

undosa, described 356

general geographic and stratigraphic distribution tabu-

lated 99

type specimen figured text fig. 2SB, 356

wapta, described 357

confused with Acrothele'^lleni 357

general geographic and stratigraphic distribution tabu-

lated 99

type specimen figured text fig. 29A, 357

williardi, described 358

confused with Micromitra (Paterina) major 351

general geographic and stratigraphic distribution tabu-

lated 99

type specimen figured text fig. 30A, 358

Microscopic shell structure 297-300

microscopica, see Acrotreta.

microscopica missouriensis, see Acrotreta.

microscopica tctoncnsis, see Acrotreta.

Middle Cambrian, Alabama, generalized section, listing included

and correlated species and localities 147

Alberta, species and localities correlated with those of British

Cohimbia 126-129

Bohemia, generalized section, listing species and localities. . 124

British Columbia, detailed section, listing species and

localities 126-129

Cape Breton, generalized section, listing species and

localities 131-135

Demnark, generalized section, listing included and cor-

related species and localities 145-146

England, generalized section, listing species and localities- . 136

families listed 112

Finland, generalized section, listing included and correlated

species and locahties 145-146

genera listed 110-111 , 317

Georgia, generalized section, listing included and correlated

species and localities 147

line of separation between Lower Cambrian and, in Cor-

dilleran region 148, 153

Missouri, generahzed section, listing species and localities. . 137

Nevada, detailed section, listing species and localities... 139-140

New Bruns^vick, species and localities in, correlated with

those of Cape Breton 131-135

Newfoundland, detailed section, listing species and

localities 140-141

Norway, generalized section, listing included and cor-

related species and localities 145-146

Scotland, generalized section, listing species and localities.. 136

species listed : 98-109

Sweden, generalized section, listing included and correlated

species and localities 145-146

Tennessee, generalized section, listing included and corre-

lated species and localities 147

Utah, detailed section, listing included and correlated spe-

cies and localities 149-153, 154-158

Wales, generalized section, listing species and localities 136

Middle Granville, New York, localities at and near 22a, 38c, 338v

Middle lateral muscle scar, defined 294

shown in figure 374

Middle Lingula flags, in generalized section for England, Scot-

land, and Wales, listing species and locahties 135

Middle Mountains, see Mittelgebirge.

Middle Popo Agie Canyon, Wyoming, locality in 302e

Midsummer Hill, Malvern Hills, England, locality on 304d
Milinsky Wrch, near AVoleschna, Bohemia, locality at 303h

Milk Ranch, Clifion quadrsingle, Arizona, locality near 9o
Millard County, Utah, locahties in 3s,

3t, 3w-y, 4, 8g, 8i, 8k, lOy, lOz, lln-q, llu, llw-y,

14v, 15b, 15c, 30d, 30e, 30g, 30h, 30j-n, 30n', 30o,

30w, 30y, 30z, 31q, 31s, 31t, 31v, 33 1, 33ii, 33r, 105t

Mill Canyon, near Liberty, Idaho, locahties in and near 55c,

56f, 56g, 59f, 59g, 163

Mill Creek, near Landusky, Montana, locality on 302z

Miller, S. A., bibliographic reference 21

Mine Lamotte, Missouri, localities at Uj, 369h

Mineral Hill, Eureka district, Nevada, locality on 57b

minima, see Acrotrela-

minimus, see Obolus and Obolus lamhorni.

Miniska, see Minneiska.

Miimeiska (Miniska), Miimesota, lo^jalities near 99, 339f

Minneiska (Miniska) River, Minnesota, locality near. . . 1 339h

Minnesota, Cambrian species of, listed 114^119

localities in 82b,

82c, 84, 84a, 84f, 84s, 97, 97b, 97s, 97x,

S97x. 98a, 99, 113, 131', 339. 339a-k, 364, 364a

note on stratigraphic position of localities in 159

minor, see Acrothyra, Lingulella, Obolella, and Oboliis.

minuta, see Acrothele and LinmirssoneUa.

Miosen, see Lake Miosen.

Miquel, J. , bibliographic references 21

species named for 612

miqucli, see Yorkia.

Mira River Valley, Cape Breton, localities in 2c,

307c, 307f. 307g, 307i, 325a, 344n



848 CAMBRIAN BRACHIOPODA.

miramus, see Oholus.

misera, see Acrotrcta.

Mississippi River, localities on 99, 328g, 339e, 339f, 339i

See also 'Wiseonsin and Minnesota.

Mississippi Valley, only one species of Acrotreta in upper part— 711

Missisquoi Bay, Quebec, locality on 392in

Missouri, Cambrian species of, listed 114-119

generalized section of Cambrian in, listing species and

localities 137

localities in lid, lie, Uj-m, 369, 369a-h

missouriensis f see Acrotreta microscopica.

Mittelgebirge, Poland, locality in 368a

Mj6sen,see LakeMjosen.

Mleschitz, Bohemia, locality at 345c

Moberg, Joh. Chr., acknowledgments 12

bibliographic references 21

species named for 598

Moberg, J. C. , and Segerberg, CO., bibliographic reference 21

mobergi, see Obolella.

Mobergia, discussed 602, 607

modesta, see Linnarssonella.

Moel-y-gest, North Wales, locality at 305a

Moffat, Scotland, locality near 316

Moller, v. von, bibliographic reference 21

Mona, Utah, locality near 14t

monilifera, see Mickwitzia.

Monobolina, compared with Oholus and Elkania 378, 410

Monobolina plumbea, discussed 410

Monomerella, Hall and Clarke on development of 309

platform mentioned 309

Montagne Noire, France, locality in 342

Montana, Cambrian species of, listed 114-119

localities in (Lower Cambrian) 4v, 4w, 5j

localities in (Middle Cambrian) 3j, 4g, 4h,

4k, 4p-q, 4u, 4x, 5f, 5k, 8j, 9h, 9k, 9m, 149a, 155a, 156a, 159,

302, 302a, 302b, 302k, 302s-t, 3D2w, 302z, 340, 340a, 340e, 340f

localities in (Ordovician) 302j

locahties in (Upper Cambrian) 4r,

147a, 148a, 15Da, 151, 151a, 152, 152a, 152b, 153. 153a, 154, 155,

156b, 157, 158, 158a, 160, 160a, 161, 302f, 302n, 302q-r, 340b

stratigraphic position of localities in, discussed 137

Montana, Missoxiri, localities near lid, 369e

montanensis, see Clarkella.

Monte de Valbom, Alemtejo, Portugal, locality at 351

Montevallo, Alabama, localities near 141a, 142, 164f

"Montevallo shale" (Lower Cambrian), in generalized section for

Tennessee, Georgia, and Alabama, listing species and lo-

calities 147

localities in 17b, 56c

Montpelier, Idaho, localities west of 55c, 56f, 56g, 59f, 59g, 163, 322

Montreal Island, Canada, locality on 319n

Morenci, Arizona, locality near 358

Morgan County, Utah, locality in 329c

Morgans Creek, Texas, localities on 70, 70a, 70e, 353a

Morris, J., bibUograpliic references 21

Morristown quadrangle, Tennessee, localities in. . . 103a, 103b, 104, 374a

Moses Hill, near North Greenwich, New York, locality on 43

mosia, see Lingulella.

mosia osceola, see Lingulella.

Mossebo, Sweden, locality at 390f

Mountain Island, Minnesota, localities on 339e, 3391

Mount Billingen, Sweden, locality on 321p

See also Billingen.

Mount Bosworth, Alberta, localities on 35c,

35^, 35h, 57c, 57d, 57g, 57k, 57s, 57y, 58z

Mount Bosworth section, in detail, \\ath included and correlated

species and localities 125-131

Moimt Delano, Montana, locality near 4r

Mount Dennis, British Columbia, locality near 58r

Mount Field, British Columbia, Burgess shale on, mentioned 127

locality near 35k

Mount Helena, Montana, locality on 302s

Mount Holly Gap, Pennsylvania, locality at 49f

Mount Nebo Canyon, near Mona, Utah, locality in 14t

Mount Stephen, British Columbia, localities on 14s,

35f, 57e, 57f, 57], 57m, 57n, 57r, 58j-l, 58p, 58r, 58s

• Ogygopsis zone in discussed 127

Mount Washington, near Eau Claire, Wisconsin, locality on 78a

Mount Whyte, Alberta, locality on 35e

Moimt Whyte formation (Lower Cambrian), detailed section, list-

ing included and correlated species and localities 129-130

localities in ... . 35c, 35e, 35f , 35h, 57e, 57m, 57r, 57s, 58k, 58p?, 58s

Mount Z ion Church , near York, Pennsylvania, locality near 49e

multicostata, see Acrothele matthewi,

Munkesten, Sweden, locality at : 320e, 321q

Murchison, R. I., bibliographic references 22, 23

Murphrees Val^^y , Alabama, locality in 89

Murray, A., bibhographic reference 22

species named for 406

murrayi, see Oholus.

Muscle scars, determination of , 460

discussed 312-313

Muskrat Spring, Stansbury Range, Utah, locahties near 32f,

32g, 32j, 32k, 32o, 34u, 34v

Nahant, Massachusetts, localities at 326c, 326g

"Nahant limestone" (Lower Cambrian), locality in 326c

namouna, see Oholus.

Nankiang River, China, localities on C32, C32
nanno, see Lingulella.

Nant-y-groes, North Wales, locality near 366m.

nanus, see Dicellomus.

Narke, see Nerike.

Narragansett Bay, Rhode Island, locahty on 343

Narwa, Esthonia, Russia, localities at 336s, 336z

localities west of 337f, 337g, 395d, 395k, 395q, 395t

Nathorst, A. G., speciesnamed for 521

nathorsti, see Lingulella.

Natrona County, Wyoming, locahty in 3D2o

Natiu-al Bridge, Virginia, locality near 47a

nautes, see Nisusia (Jamesella).

Navy Island, St. John Harbor, New Brunswidk, locahties on. 308, 308a

Neanic, defined 295

Nebo Canyon, see Mount Nebo Canyon.

neboensis,see Acrotreta.

Neihart, Montana, localities near 4x, 5f , 5k, 340

Neobohnse, classification of 321, 323

genera and species referred to described 5G4-567

Neobolus, described 564

cardinal area discussed 304, 305

classification of 310, 321, 323, 566

evolution discussed 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 103

general stratigraphic distribution and number of Cam-
brian species-and varieties of 110

Hall and Clarke on development of 309

number of species of, in different types ofsediment— 160

platform mentioned 309

warthi, described 566

compared with Obolus apollinis 564

discussed 566

general geographic and stratigraphic distribution tabu-

lated •. 103

type specimen figured PI. LXXXI, fig. 2f

''wynnei," discussed 567

Neobolus beds (Middle Cambrian), locahties in 357, 357a-c

Neotremata, cardinal area discussed 30^305

classification of ^ 321 . 323

defined 294

distribution in Cambrian strata 316

evolution of genera of, discussed 319

holoperipheral growth of pseudodeltidium in 306

muscle scars compared with those of Obolus 312, 313

muscle scars discussed 312-313

pedicle tube discussed 314-315

surface ornamentation discussed 302

vascular markings discussed 311

Nepionic , defined 294

Nerike, Sweden, localities in ft 320u, 320v, 320z

Neuhof , Germany, locahty at 303f

Nevada, Barrel Spring section, in detail, listing included and cor-

related species and localities 137-138

Cambrian species of, listed 114-119

detailed section of Cambrian and Ordovician in, listing in-

cluded and correlated species and localities 139-140

detailed section of Lower Cambrian in, listing included and

correlated species and localities 137-138
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Nevada—Continued.
Eureka district section, in detail, listing included and cor-

related species and localities 139-140

note on Middle-and Upper Cambrian localities in 137

localities in 11-m, Ip, Iv, 41, 7i-k, 7n, 7r, 7s, 7v,

~ 7x, 7y, 7z, 8a, 8b', 8e, 8f, 8m-p, 8r, lOw, 14m, 30, 31, 31a,

31u, 52, 54, 55, 55b, 56, 57, 57b, 58, 59. 60, 61, 62, 62a, 63, 64,

65, 66, 174c, 175, 184, 201, 201a, 202, 203, 203a, 204, 205, 206a,

209, 211, 214a, 214b, 216a, 221, 313, 313a-k, 333, 333a-b

species and localities in , compared with, those of Utah 153- 15S

Nevado de Castillo, Argentina, locality at. 389a

Newberry , J. S. , species named for 784

newberri/i, see Eoortliis.

New Brunswick, Cambrian species of, listed 114-119

localities in 2e-i, 2k-in,

2s-u, 2x, 2y, 3a, 3b, 300, 301, 301a-ii, 301s-z, 308, 308a-i

species and localities in, correlated with those of Cape

Breton 131-135

Newfoundland, Cambrian species of, listed 114-119

detai led section of Cambrian in, listing species and localities 140-141

locaUtiesin 1, la, 2, 2a, 3, 5I-p, 5r, 5t, 6g-i, 61,

6n, 6r, 6s, 6u-w, 6y, 41, 41a, 114, 114a, 114b, 314, 314a-l

Manuels Brook section, listing species and localities 140-141

New Jersey, Cambrian species of, listed 114^119

locality in lie

New Mexico, Cambrian species of, listed 114^119

localities in 327, 327a-c

Newport, Rhode Island, localities near 343, 343a, 343b

Newton, New Jersey, locality at lie

neivtonensis , see EooHhis.

New York, Cambrian species of , listed 114-119

localities in (Lower Cambrian) 2b, 2d, 20, 20a, 21, 21a,

22, 22a, 27, 27a, 29, 29a, 32, 32a, 33, 33b, 34, 34a, 35, 35a, 36,

36b, 37, 37b, 38, 38a, 38c, 39, 39a, 43a, 44a, 44b, 45a, 45b, 72,

72a, 338, 338a-h, 338k-q, 338x, 338y, 367, 367a, 367b, 367i, 3671?

localities in (Middle Cambrian) 367d

localities in (Upper Cambrian) 76, 76a, 77, 108, 109, 110, 110a,

111, 136, 185, 185a, 338j, 338r-u, 338w, 367e-h, 367j-k, 392b

localities in ( Ordovician) 43, 3381, 338u, 338v, 338z, 367c

note on stratigraphic position of localities in 141

New York Canyon, Eureka district, Nevada, localities in 54, 55, 58

Nicholson, species named for 522, 696

nicholsoni, see Acrotreta and Lingulclla.

Ninewells, near St. Davids, South Wales, locality at 318p

ninibs, see Obolus tetonensis,

nisus, see Micromitra.

Nisusia J described 725

articulating processes discussed 307

cardinal area discussed 304, 305

cardinal process discussed 306

classification of 321,325

compared with Billingsella 306

deltidium discussed 306

evolution discussed 319, 320

evolution of 317

general geographic and stratigraphic distribution of the

species referred to 107

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

muscle scars discussed 313

number of species of, in different types of sediment ... IGO

pedicle opening absent ! 315

pseudospondylium discussed 307

reference to,*of Nisusia ? vaticina 730, 731

reference to, of Nisusia ? (Jamesella ?) Icanabensis dis-

cussed 732

stratigraphic position mentioned 318

type species " Orthisina festinata" 725

vascular markings not preserved 311

albeTta, described 726

compared with Nisusia rara 729

Nisusia (Jamesella) Jowi 733

Nisusia. {Jamesella) nautes 734

Nisusia (Jamesella) perpasta 736

Nisusia (Jamesella) spcncei 738

general geographic and stratigraphic distribution tab-

ulated 107

surface ornamentation discussed 302

type specimen figured PI. C, fig. 3e

62667°—VOL 51, pt 1—12 54

Nisusia compta, described 727

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI- XCVII, fig. 14

festinata, described 727

compared with Kutorgina 580

Nisusia alberta 726

Nisusia compta 726

Nisusia rara 729

Nisusia vaticina 730

(Jamesella) • 731

(Jamesella) amii 731

(Jamesella) lowi 733

Wynnia 771

Wynnia warthi 771

cruralium discussed 309

dental plates discussed 310-311

general geographic and stratigraphic distribution tabu-

lated 107

shell section figured text fig. 6, 299

surface ornamentation discussed ', 302

type specimen not figured.

., described 729

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. C, fig. 4

rara, described 729

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured text fig. 60, 730

f vaticina, described 730

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. XCVII, figs. 3, 3a-b

Nisusia (Jamesella), described 731

cardinal process discussed 306

classification of 321, 325

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 107

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

niuscle scars discussed 313

number of species of, in different types of sediment 160

pedicle opening absent 315

reference to, of Nisusia ? (Jamesella f) kanabensis dis-

cussed 732

reference to, of Nisusia (Jamesella) pellico discussed .

.

735

stratigraphic position mentioned 320

vascular markings not preserved 311

amii, described 731

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. CI, figs. 6, 6a-b

argenta, described 731

general geographic and stratigraphic distribution

tabulated 107

type specimen figured PL CI, fig. 9

erecta, described 732

general geographic and stratigraphic distribution

tabulated 107

type specimen figured PI. CI, figs. 5, 5a-b

Icanabensis, described 732

general geographic and stratigraphic distribution

tabulated 107

type specimen not figured.

kuthani, described 732

compared with Nisusia (Jamesella) amii 731

Nisusia (Jamesella) perpasta 736

. general geographic and stratigraphic distribution

tabulated 107

type specimen not figured.

Tlowi, described 733

general geographic and stratigraphic distribution

tabulated 107

type specimen figured text fig. 61A, 734

Tiautes, described 734

compared with Eoorth is thyonc 790

Nisusia (Jamesella) spencei 737

Protorthis wingi 743
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Nimsia (Jamesella) bsmScs—Continued.

general geographic and stratigraphic distribution tab-

ulated W
tjTie specimen figured PI. XCIII, fig. 6

pelUco, described 735

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI. XCVII, fig. 2

, described 735

I with Nisusia alberta 726

Nisusia festinata 729

Nisusia {Jamcsella) perpasta macra 736

' Nisusia (Jamesella) perpasta subquadrata 736, 737

general geographic and stratigraphic distribution tabu-

lated 107

type specimen not figured.

perpasta macra, described 736

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI. CI, fig. 3a

perpasta subguadrata, described 736

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI. CI, fig. 2a

spencei, described 737

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI. XCIII, fig. 7a

utahensis, described 737

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI. CI, figs. 10 and 10a

sp. undt., described 738

general geographic and stratigraphic distribution tabu-

lated 107

type specimen not figured.

Nisusiin^, classification of 321, 325

genera and species referred to, described 725-745

surface ornamentation discussed 303

nitens, see Linnarssonella.

nitida, see Acrothele.

Nosrsnass, Norway, locality at 9f

NoetUng, F ., bibliographic references 22

Nolichucky shale (Middle Cambrian), in generahzed section for

Termessee, Georgia, and Alabama, listing species and lo-

caUties 147

localities in 2z, 124, 124a, 374c

Kommeweske, Esthonia, Russia, localities at 396i,396p

Nordmannaskar Island, Sweden, locality on 390b

Norfolk County, Massachusetts, locaUties in 5, 9n, 326b, 326e, 326f

Norrskedika, Sweden , locality at 311a

Norrteije, Sweden, locality near 311u

North America, zoologic list of Cambrian species of, giving geo-

graphic distribution by States and geologic provinces . . 114-119

zoologic list of Ordovlcian species of 122-123

North Attleboro, Massachusetts, locality near 326d

North Chatham, New York, locality near 44b

North Granville, New York, localities near 22, 38a

North Granville bridge. New York, localities near 20, 21a

North Greenmch, New York, locaUties near. 33, 33b, 43, 338c, 338e, 338o

North Hebron, New York, locality near 34a

North Weymouth, Massachusetts, localities near 9ii, 326e, 326f

Norway, Cambrian species of, listed 120-121

generalized section of Cambrian and Ordovlcian in, listing

included and correlated species and localities 144-146

locaUties in 8v, 8x, 9f, 323, 323a-i, 323 1-z, 324, 324a-d

See also separate provinces.

Notch Peak, House Range, Utah, localities on and near 30m,

30w, 30y, 31q, 105t

Notch Peak limestone (Upper Cambrian), in detailed section in

House Range, Utah, listing Included and correlated spe-

cies and localities 153

locaUties in 30m, 30w, 31q

Tiotchensis, see Obolus ( Wcstonia).

Nounan limestone (Middle Cambrian), in detailed section in

Blacksmith Fork, Utah, listing included and correlated

species and locaUties 149

locaUty in 56f

Nova Scotia, localities in 3h, 31, 3n-q, 8d, lOc-t, llz, 13d-i, 13k-r,

13t, 13t", 160, 307, 307a-j, 325, 325a-c, 344, 344a-o, 372, 372a-f

See also Cape Breton.

Novgorod, Russia, localities In 336j, 336s

nox, see Acroireta.

nundina, see Obolus and Syntrophia.

Nuneaton, England, locaUty at 304o

Nunkoweap Valley, Arizona, localities in 74, 74b

Nuns HiU, near St. David's, South Wales, locaUty at 366c

Nye County, Nevada, locaUties In 7j, 313g

nympka, see Eoorthis desmopleura.

nyssa, see Micromiira (Iphidella).

Obolacea, classification of 321, 322

distribution in Cambrian strata 316

genera and species referred to described 369-678

Obolella, described 586

articulating processes discussed 307

cardinal area discussed , 304, 305

classification of 321, 324

compared with Acrotrcta argeiUa 673, 674

Acrotreta emmoTisi 684

Bicia 569

602

Dicellomus 572,577,592

Elkania 562

Mkania desiderata 562

Kutorgina 582

LinguUlla 471, 472, 473

Lingulella prima 527

Linnarssonella 314

Obolella (^Glyptias) favosa 600

Obolus 312,376,592

Pentamerus 597

Qucbecia 611

Trematobolus 615, 616

Trematobolus lempanum 620

Yorkia? washingtonensis 613

development mentioned 562

evolution discussed : 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of

Cambrian species and varieties of 110

Hall and Clarke on development of 309

mentioned 373, 386, 388, 389, 392, 403, 423, 471, 472, 650

muscle scars discussed 312

number of species of, in the diflerent types of sedi-

ment 160

pediqle tube discussed 314

reference of Obolella asiatica to, discussed 589

shell structure 297

stratigraphic position mentioned 318

surface ornamentation discussed S02

vascular markings discussed 311

asiatica, described 588

general geographic and stratigraphic distribution tabu-

lated 104

type specimen figured Pi. LV, fig. 6

atlantica, described 589

compared with Acrothele bcllula 637

Liiu/ulella acutangula 590

Linnarssonella 314

Linnarssonella tennesseensis 669

Obolella chromatica 591,592

Obolella crassa 593

Obolella minor 597

Obolella mobergi 598

Obolus f zoppi 422

discussed 587

general geographic and stratigraphic distribution

tabulated 104

type specimen figured PI. LV, fig. Ih

chromatica, described 591

compared with Dicellomus politus 672

Kutorgina 579

Obolella atlantica 590

Obolella crassa 593

Obolella mobergi 598

Qucbecia circe...... 610

general geographic and stratigraphic distribution

tabulated IM

type specimen not figured.
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Oholella cf. chromatica von Toll, discussed 592

"circe," type of Quebecia 610

mentioned 610, 611

crfwsa, described 592

com.ifavedvr\th Acrothelebdlula 637

JBicia 568

Botsfordia 602

Oholella asiatica 589

Obolella chromatica 591

Oholella crassa elongata 595

Obolella mobergi 597 .
598

Obolella vcrmilioncnsis 598

Obolella wirrialpen^is 599

Obohis ? zoppi 422

discussed 587

general geograpliic and stratigraphic distribution

tabulated 104

sbell section figured text fig. 14, 299

type specimen not figured.

crassa elongata, described : . 595

compared -with Obolella gwomi 596

general geograpliic and stratigraphic distribution

tabulated 104

type specimen figured PI. LV, fig. 5

'^gemma,^' type of Bicia 569

groomi, described 595

general geographic and stratigraphic distribution

tabulated 104

type specimen figured text fig. 52,596

"ida" discussed
^

563

f lindsiTOmi, described 596

compared with Obolella chromatica 591

general geographic and stratigraphic distribution

tabulated 104

type specimen figured PI. LV, fig. 4

"maculata Delgado," discussed 599, 660

minor, described 596

general geographic and stratigraphic distribution

tabulated 104

type specimen figured PI. LIV, fig. 3a

mobergi, described 597

compared with Obolella crassa 594

Obolella 9 Undstromi 596

general geographic and stratigraphic distribution

tabulated 104

15^)6 specimen figured PI. LV, fig. 3c

^'nitida," discussed 527

plumbca, compared with Obolus? bavaricus 386

"pretiosa," discussed 705

"sabrinse," discussed 703

"salteri" type of Obolus {Broggeria) 377,424

vermilionensis , described 598

general geographic and stratigraphic distribution

tabulated 104

type specimen figured text fig. 53A,598

wirrialpensls , described 599

general geographic and stratigraphic distribution

tabulated 104

type specimen figured PI. LV, fig. 7b

wirrialpensls calceoloides, discussed 599

"sp. Bornemann,'' generic and specific reference discussed. . 403

sp. undt. , described 599

general geographic and stratigraphic distribution

tabulated 104

type specimen not figured.

Obolella (Glyptias), described 599

classification of. 321, 324

compared with Obolella 587

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

number of species of, in different types of sediment ... 160

surface ornamentation discussed 301

type species Lingula 9 favosa 599

favosa, described 600

compared vrith Obolella mobergi 597

general geographic and stratigraphic distribution

tabulated 104

type specimen not figured.

" Obolella (Lingulella) prima," discussed 527

OboleUidffi, classification of 321,324

distribution in Cambrian strata 316

genera and species referred to, described 586-611

general stratigraphic distribution and number of Cambrian

genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

Oboli, evolution of, according to Matthew, discussed 319

Obolidee, classification of 321, 322

distribution in Cambrian strata 315, 316

genera and species referred to, described 370-578

general stratigraphic distribution and number of Cambrian

genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

number of Ordovician genera and species included in mono-

graph 113

septa discussed 10

species referred to described 370-578

surface ornamentation discussed 301

Obolinae, classification of 321,322

genera and species referred to, described 370-561

06oZws, described 370

cardinal area discussed 304

classification of 310, 321, 323

compared with Acrothele 631, 632

Acrothyra 716

AcrotreUi 673

A crotrcta argenta 673, 674

Bicia 569, 570

Bicia gemma 570

Botsfordia 601

cxlata 604

granulata 606

Curticia 318, 369, 370

Dearbornia 614

Dicellomus 312, 572

JSlkania 561, 562, 563

EJkania and Obolus ( Fordinia) 426

Blkania desiderata 563

'* Euobolus" 378

Helmersenia 367, 368

Keyserlingia bibchi 629

Kutorgina 582

" Lakhmin^ linguloides" 566

Lingula 373-376

Lingulella 376, 471, 472

Lingulella by Matthew 471

Lingulella acutangula 471, 475

Lingulella prima 527

Lingulella radula 529

Lingulella (Leptembolon) . 541, 542

Lingulella (Lingulepis) 544, 545

Lingulella (Lingulepis) acuminata 547

Lingulella (Lingulepis) exigua 553

Linnarssonella 312

Linnarssonella girtyi 666

Linnarssonella tennesseensis 670

Monobolina 378, 410

Neobolus 564, 565

Neobolus warthi 566, 567

Nisusia festinata 728

Obolella 312, 376, 587, 588, 592

Obolus (Broggeria) 424'

Obolus ( Fordinia) bellulus 428, 429

Obolus ( Fordinia) perfectus 430

Obolus (Lingulobolus) 430, 431, 433, 434

Obolus (Lingulobolus) spissus 433, 434

Obolus ( Westonia) escasoni 460

Eustellaf major by Matthew 328

Siphonotreta unguiculata 625

Trematobolus 313, 616

Trematobolus insignis 618

Trematobolus kempanum 620

Trematobolus pristinus 621

criteria of subgenera 376

development of 309

evolution discussed 318

evolution of -— 317
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O&oitts—Continued

.

general geographic and stratigraphic distribution of

the species referred to 99, 100

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

geographic distribution discussed 379-380

Hall and Clarke on development of 309

largest and most recent species of 392

latest American species of 386

mentioned. 310, 381, 386, 387, 388, 389, 392, 403, 405, 407, 408,

409, 411, 413, 414, 422, 423, 428, 435, 436, 439, 441,442, 463,470,

471, 472, 473, 474, 475, 478, 489, 503, 505, 527, 531, 532, 541, 590

muscle scars compared with those of Neotremata. . . 312, 313

muscle scars discussed 312

number of Ordovician species and varieties of 113

number of species of, in different types of sediment. . 160

pedicle furrow discussed 314

reference to, of Acrotreta? minima, discussed 695

relative position of vascular sinus in species of 376

shell structure of compared with that of Lingula 296

species and varieties recognized by Mickwitz listed. . . 380

stratigraphic range discussed 378-379

subgenera characterized 377-378

subgeneric criteria 376

surface ornamentation discussed 302

type species discussed 373

type species Obolus apoUinis 373

umbonal muscle mentioned 313

vascular markings discussed 311

acadicibs, described 380

confused with Lingulclla concinna 3S0

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. XI, fig. 5

f advenus, described 380

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured PI. XII, fig. 5

sequiputeis, identical with Obolus selwyni 414

anceps, described 380

compared with Obolus nundina 406

Obolus s-^. undt. e 423

general geographic and stratigraphic distribution tab-

ulated 99

type specimen iigured PI. S, fig. 3b

f av^illus, described 381

compared with Obolus fmirandus 405

general geographic and stratigraphic distribution tab-

ulated 99

I

type specimen figured PI. XII, fig. 2

apolUnis, described 381

cardinal area discussed 304

compared with Bicia 568

Elkania desiderata 562

Lingulella acutangula 472, 474, 475

Linnarssonella minuta 668

Neobolus war.thi 564

Obolclla ckromatica 592

Obolella crassa 594

Obolus apollinis ingricus 384

Obolus apoUinis quenstedti 385

Obolus feistmanteli 391

Obolus prindlei 379

Obolus (Fordinia) bellulus 562

Obolus (Lingulobolus) 431

Obolus ( Westonia) escasoni 460. 472

Siphonotreta unguiculata 625

general geographic and stratigraphic distribution tab-

ulated 99

interior features discussed 372, 373

muscle scars discussed 312

old-age characters discussed 315

platform discussed 310

shell sections figured text figs. 4, 15, and 15a, 299

thickening of shell beneath visceral area discussed. . 309-310

tubules of, discussed 300

type of Obolus 373

type specimen not figured.

vascular markings discussed 311

Obolus apollinis ingricus, described 384

compared with Obolus apollinis maximus 384

Obolus apolUnis quenstedti 385

general geographic and stratigraphic distribution tab-

ulated 99

type specimen not figured.

apollinis maximus, described 384

compared with Obolus apollinis quenstedti 385

general geographic and stratigraphic distribution tab-

ulated 99

type specimen not figured.

apollinis quenstedti, described 384

compared with Obolus mativMis 401

Obolus mickwitzi 404

Obolus selwyni 414

bolus (Mickwitzella) siluricu s 435

figured 374

general geographic and stratigraphic distribution tab-

ulated 99

type specimen figured text fig. 34A, 374

? bavaricus, described 385

compared with Lingulella wirtM 541

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured PI. XV, fig. 10

belli, described 386

general geographic and stratigraphic distribution tab-

ulated. 100

type specimen figured PI. XXXVIII, fig. 3

chinensis, described : 387

compared with Obolus obscurus 406, 407

Obolus prindlei 409

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured PI. XXXIX, fig. 7

complexus, described 387

compared with Obolus f advenus 380

Obolus f rokitzanensis 411

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured PI. XII, fig. 3

cyane, described 388

compared with Lingulella iole 508

Obolus ( Westonia) rogersi 464

general geographic and stratigraphic distribution tab-

ulated 100

stratigraphic position of, discussed 389

thickening of the shell beneath the visceral area dis-

cussed ., 310

type specimen figured PL XXVII, fig. 4

damesi, change in generic reference 489

discoidcus, described 389

compared with Obolus wortheni 421

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured PI. XVIII, fig. 6c

dolatus, described : 390

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured text fig. 35A, 390

eichwaldi, described 390

compared with Obolus volbortM 419

general geographic and stratigraphic distribution tab-

ulated 100

type specimen not figured.

elegant, described 390

general geographic and stratigraphic distribution tab-

ulated 100

type specimen not figured.

feistmanteli, described 391

compared "with Obolus complexus 388

Ooolus membranaceus 402

Obolus ? mirandus 405

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured PI. XII, fig. Id

fragilis, described 392

compared with Lingulella bellula 482

Obolus refulgens 410
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' genial geographic and stratigrapliic distribution tab-

lalated
'. 100

type specimen figured PI. XXIII, fig. 5

? inflatus, described 393

general geographic and stratigraphic distribution tab-

ulated 100

type specimen not figured.

"iTigricus," mentioned 383

ismene, described 393

general geographic and stratigrapliic distribution tab-

ulated 100

type specimen figured PI. XI, fig. 3

"Idbradoricus,
'

' mentioned 336

notes on generic reference of 334

not the type of Beecher's genus ^'Paterina " 344

larriborni, described 393

compared with Lingulella hayesi 505

Obolus lamborni minimus 395

Oholus smithi 417

OboliLS willisi 420

Obolus zetus 421

Obolus ( Westonia) Togersi 4G4

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. XXII, fig, 2j

lamborni minimum, described - - - 395

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. XXV, fig. 4

" len3 primus " discussed 428

loperi, described 395

compared \Wth Obolus ( Westonia) themis 466

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. IX, fig. 4a

mccofmelli, described 396

compared with Lingulella lielena 506

Obolus mcconnelU decipiens 398

Obolus mcconnelU pelias 398

general geographic and stratigraphic distribution tabu-

lated 100

stratigraphic and geographic distribution discussed... 397

type specimen figured PI. XXIII, fig. 3

varieties discussed 397

mcconnelU decipiens, described 398

compared with Obolus Tncconnelli 397

Obolus mcconnelU pelias 398

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. XXIII, fig. 4

mcconnelU pelias, described 398

compared with Obolus mcconnelU 397

Obolus mcconnelU decipiens 398

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. XXIII, fig. 3b

msera, described 399

compared with Obolus aficeps 381

Obolus matinalis 401

Obolus michwitd 404

Obolus sp. undt. d 423

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. X, fig. 2a

maUnalis, described 400

compared with Lingulella hayesi 505

Lingulella phaon 525

Lingulella prima 527

Obolella (Glyptias) favosa ' 600

Obolus ajiceps 381

Obolus dolatus 390

Obolus feistmanteli 391, 392

Obolus loperi 395, 396

Obolus msera 399

O'bolus mickwitzi 404

Obolus Tiamouna 406

Obolus pandemia 407

Obolus rhea 410, 411

Oboluh '/)icima;/s—Continued.

compared with Obolus sTiansiensis * ^ 415'

Obolus tetonen^is 417

Obolus tetonensis ninus 418

Obolus sp. undt. e 423

Obolus sp. undt. f 423

Obolus {Lingulobolus) affinis 431

general geographic and stratigraphic distribution tabu-

lated 100'

type specimen not figured.

matinalis?, described - 40:^

general geographic and stratigraphic distribution tabu-

lated '. 100

no type specimen chosen.

membranaceus, described 402

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured text fig. 36A, 403

f meneghinii, described 403

general geographic and stratigraphic distribution tabu-

lated ., 100

type specimen figured PI. XXX, fig. 17

mickwitzi, described 403

compared with Obolus refulgens !i 410

general geographic and stratigraphic distribution tabu-

lated 100

old-age characters discussed 315

thickening of shell beneath visceral area discussed 309

type specimen figured PI, X, fig. 1

minimus, described 404

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. XI, fig. 8

? minor, described 405

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XV, fig. 6

? mirandus, described 405

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PL XII, fig. 4

? murrayi, described 405

compared with Lingulella lens 513

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PL XV, fig. ^2

namouna, described 406

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PL VIII, fig. 2
nundina, described 4G&

compared with Obolus obscurus 40T
general geographic and stratigraphic distribution

tabulated ioo>

type specimen figured PL XI, fig. 4=

obscurus, described 406>

general geographic and stratigraphic distribution

tabulated loO'

type specimen figured '. PL XI, fig. 9'

? palliatus, described 407'

compared with Obolus f minor 405.

general geographic and stratigraphic distribution

tabulated _,_ loQ)

type specimen figured PL XV, fig. 5
pandemia, described 497

general geographic and stratigraphic distribution

tabulated iqq

type specimen figured PI. IX, fig. 3a
panderi, described 40s

compared with Obolus triangularis 419
general geographic and stratigraphic distribution

tabulated 100
type specimen not figured.

parvus, described 408
general geographic and stratigraphic distribution

tabulated 100

type spechnen figured text fig. 37A, 408

pheres, described 408

compared with Obolus parvus 408.
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Obolus pjiercs—Continued.

general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured... PI. XI, fig. G

privdlei, described 409

cardinal area discussed 303

compared -with Lin^ulella davisi 379

Obolus apollinis 379

Obolus chinemsis 3S7

Obolus lopcri 396

Obolus (Lingulobolus) spissus 433

confused with LinguleUa granviUemis 409

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XXVII, fig. 3

pulcher, type of -Botsfordia 601

" que-astedti," not the type of Obolus 373

nfulgens, described 409

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. IX, fig. 2

Thea, described 410

cardinal area discussed 304

(Pompared with LinguleUa schucherti 530

Obolus obscurus 407

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. IX, fig. 1

f roliUzanensis, described 411

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XII, fig. 6

rotundaius, described 411

compared with Obolus parvus 408

Obolus priTidlei 409

J schmalcTiseei .' 411

s septalis 414

Obolus sinoe 415

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XX, fig. 2

schmdl£nseci, described 412

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XXX, fig. 19d

schmidti, described 412

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XV, fig. lla-c

selwyni, described 413

compared with LinguleUa irene 509

LinguleUa {Lingulepis) roberti 557, 558

discussed 377

general geographic and stratigraphic distribution

tabulated 100

no type specimen chosen.

stratigraphic position of, discussed 414

septalis, described 414

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XXXIV, fig. 2a

shansienrSis, described 415

compared with Obolus minimus 404

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XI, fig. 7a

"siluTicus," mentioned 531

type of Obolus {Mickwitzella) 37S, 434

^Tioe, described 415

compared with LinguleUa (Lingulepis) acuminata 545

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XXVI, fig. 2f

^mithi, described 416

confused with Micromitra (Paterina) major 351

general geographic and stratigraphic distribution

tabulated 100

type specimen figured text fig. 38B, 416

tetonensis, described 417

compared %vith Obolus shansiensis 415

-Continued.

compared with Obolus tetonensis leda 417, 418

Obolus tetonensis ninus 418

Obolus wortheni 421

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. IX, fig. 5

tetonensis leda, described 417

general geographic and stratigraphic distribution

tabulated 100

type specimen not figured.

tetonensis ninus, described 418

general geographic and stratigraphic distribution

tabulated 100

partly made up of specimens first referred to Obolus

mati-nalis 401

type specimen figured PI. XI, fig. 1

? torrentis, described 418

general geographic and stratigraphic distribution

tabulated lOO

type specimen not figured.

triangularis, described 419

compared with Obolus eichwaldi 390

Obolus panderi 408

Obolus ( Mickwitzella) siluricus 435

general geographic and stratigraphic distribution tabu-

lated 100

type specimen not figured.

triangularis inornatus, identical with species 419

voliorthi, described 419

general geographic and stratigraphic distribution tabu-

lated 100

type specimen not figured.

willisi, described 420

compared with LinguleUa hayesi 505

LinguleUa sp. undt. b 541

LinguleUa (Lingulepis) exigua 553

Obolus lamborni 394

Obolus smitU 417

confused with Obolus lamborni 420

general geographic and stratigraphic distribution tabu-

lated : 100

type specimen figured PI. XXIII, fig. 1

wortheni described 421

confused with Obolus tetonensis 421

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. IX, fig. 5e

zetus, described 421

general geographic and stratigraphic distribution tabu-

lated H)0

type specimen figured PI. XXV, fig. 3a

? zoppi, described 422

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. XXX, fig. 16

sp. mentioned 367

sp. Kjerulf, discussed 598

sp. undt. a, described 422

general geographic and stratigraphic distribution tabu-

lated 100

type specimen figured PI. X, fig. 4

sp. undt. b, described 422

general geographic and stratigraphic distribution tabu-

lated 100

type specimen not figured.

sp. undt. c, described 423

general geographic and stratigraphic distribution tabu-

lated 100

type specimen not figured.

sp. undt. d , described 423

general geographic and stratigraphic distribution tabu-

lated 100

type specimen not figured.

sp. undt. e, described 423

general geographic and stratigraphic distribution

tabulated 100

type specimen figured PI. XV, fig. 8

sp. undt. f , described 423

compared with Obolus sp. undt. e 423
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Obolus, sp. undt. f—Continued.
general geographic and stratigraphic distribution tab-

ulated 100

type specimen figured PI. XV, fig. 9

sp. undt. g, described 423

general geograpbic and stratigraphic distribution

tabulated 100

type specimen not figured.

06o^«5 conglomerate, in generalized section for Russia, listing

species and localities 144

mentioned 419

Obolus conglomerate (Upper Cambrian), localities from sandstone

below 395ni-r

Obolus conglomerate (Upper Cambrian), localities in 9e,

3361, 3901. 395f-l, 395s-u

Obolus sandstone (Upper Cambrian), in generalized section for

Russia, listing species and localities 143

in generalized section for Sweden, Denmark, Finland, and

Norway, listing species and localities 145

localities in 9d, 310n, 311v, 311wi

321, 321a-d, 321o, 336a-c, 336j-m, 336r-u, 395, 395a-e, 395z

mentioned 390, 391, 40S, 413

Obolus (Acritis), described 437

characterized 377

classification of. 321, 323

compared with ^^Euobolus," "Schmidtia," and " Thy- '

sanotos" by Mickwltz 434

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 101

general stratigraphic distribution and number of Cam-

brian species and varieties of 110

mentioned 427, 441

number of species of, in different types of sediment . . . 160

stratigraphic range mentioned 379

surface ornamentation discussed 301

type species " Obolus (Lucina) antiguisstmus " 377,437

antiquissimus, described 437

compared with Obolus obscurus 407

Obolus {Acritis?) rugatus 441

Obolus (Mickwitzella) siluricus 435,436

Obolus (Pal^obolus) , 426

Obolus iPaJsEobolus) bretoncTisis 427

" Obolus ( Thysanotos) siluricus " 377-378

general geographic and stratigraphic distribution

tabulated 101

type specimen not figured.

rugatus, described 441

compared with Obolus obscurus 407

evolution discussed 318

general geographic and stratigraphic distribution tab-

ulated 101

type specimen figured PI. XIII, fig. 2

Obolus (Brdggeria), described 424

characterized 377

classification of 321, 323

evolution discussed 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 101

general stratigraphic distribution and number of Cam-

brian species and varieties of 110

number of species of, in different types of sediment... 160

stratigraphic range mentioned 379

type species "Obolella salteri" 377,424

salteri, described 424

compared with Obolus sp. undt. a 422

general geographic and stratigraphic distribution tab-

ulated 101

type specimen figured PI. XV, fig. 4

" Obolus ( Eoobolus) discus," discussed 536

figured 536

''Obolus (Euobolus)," species and varieties recognized by Mick-

witz, listed 3S0

Obolus ( Fordinia), described 428

characterized 378

classification of. 310, 321, 323

development 310

evolution discussed 318

evolution of 317

Obolus (Fordinia)—Coiitmue6.

general geographic and stratigraphic distribution of

the species referred to 101

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

intermediate between Obolus and Elkania 428

muscle scars discussed 312

number of species of, in different types of sediment... I'd?)

stratigraphic range mentioned 379

type species Obolus ( Fordinia) perfectus 378, 428

bellulus, described : 428

compared with Obolus apollinis 562

Obolus ( Fordinia) gilberti 428, 429

Obolus ( Fordinia) perfectus 428, 430

general geographic and stratigraphic distribution tab-

ulated 101

platform mentioned 310

type specimen figured PI. LI, fig. 3d
gilberti, described 429

compared with Obolus ( Fordinia) bellulus 428, 429

Obolus ( Fordinia) perfectus 42S, 430

confused with Dicellomus politus - 429

general geographic and stratigraphic distribution

tabulated 101

platform mentioned 310

type specimen figured PI. LI, fig. 5

'perfectus, described 429

compared with Lingulella clarkei 485

Obolus ( Fordinia) bellulus 428

Obolus (Fordinia) gilberti 428,429

development of 310

general geographic- and stratigraphic distribution

tanulated 101

intermediate between Obolus apollinus and Elkania
desiderata 310

muscle scars in, discussed 310

platform discussed 310

tj^pe of Obolus ( Fordinia) 378, 428

type specimen figured PI. LXIII, fig. 10a

" Obolus (Leptembolon) lingulseformis, " type of Lingulella (Leptem-

bolon) 474

" Obolus (Lingulella) bicensis, " discussed 605

Obolus (Lingulobolus), described 430

characteri?;ed 378

classification of 321, 323

compared with Lingulella 432, 472

Obolus 433,434

evolution discussed 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to loi

mentioned 379, 471

number of Ordovician species and varieties of 113

number of species of, in different types of sediment. . . 160

old-age characters discussed 315

stratigraphic range mentioned 379

surface ornamentation discussed 302

type species TAmjiilella f affinis 378, 431

affinis, described 431

compared with Obolusfeistmanteli 392

general geographic and stratigraphic distribution

tabulated 101

type specimen not figured.

spissus, described 432

compared with A crotreta idahoensis 688

Obolella crassa 594

Obolus (Lingulobolus) affinis 432

general geographic and stratigraphic distribution

tabulated 101

type specimen not figured.

"Obolus (Lucina) antiquissimus," type of Obolus (Acritis) 377,437

Obolus ( Mickwitzella), described 434

characterized 378

classification 321, 323'

compared with Obolus (Acritis) 437

evolution discussed ,— 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 101

general stratigraphic distribution and number of

Cambrian species and varieties of 110
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Obolus ( Miekwitzella)—Continued.

number of species of, in different types of sediment.. 160

stratigraphic range mentioned 379

type species " Obolus siluricus" 378,434

siluricus, described 434

compared witb Obolus dolatus 390

Obolus (A-critis) antiquissimus 439

general geographic and stratigraphic distribution

tabulated 101

surface ornamentation discussed 301

type specimen not figured.

Obolus (Palseobolus) ,
described 426

characterized 378

classification of 321, 323

discussed 427

evolution discussed 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 101

general stratigraphic distribution and number of

Cambrian species and varieties of ,

.

110

number of species of, in different types of sediment 160

stratigraphic range mentioned 379

type species "Palseobolus bretonensis " 378, 426

hretoneTisis, described 426

compared with Lingulella (Lingulepis) rowei 558

Obolus acadicus 380

Obolus (Palseobolus) bretonensis lens 427

general geographic and stratigraphic distribution

tabulated 101

type specimen figured PI. XXXII, fig. 5

bretonensis lens, described 427

general geographic and stratigraphic distribution tab-

ulated 101

type specimen not figured.

bretonensis lens longits, discussed 427

Obolus (Schmidfia), described 441

characterized 378

classification of 321, 323

compared with" Acritis," " Euobolus/' a,nd" Thpsano-

tos" by Mickwitz
, 434

Lingulella 472

Lingulella (Leptembolon) Ungul^formis 543

evolution of 317

general geographic and stratigraphic distribution of

the species referred to lOl

general stratigraphic distribution and nimiber of Cam-
brian species and varieties of no

mentioned 318, 375, 471

number of species of, in different types of sediment . .

.

160

relative position of vascular sinus in species of 376

species and varieties recognized by Mickwitz, listed .

.

380

stratigraphic range mentioned 379

thickening of shell beneath visceral area discussed 310

type species " Schmidtia celata" 378,442

acuminatus, described 442

compared with B icia gemma 570

Obolus (Schmidtia) crassus 447

general geographic and stratigraphic distribution tab-

ulated 101

type specimen not figured.

acuminatus alatus, mentioned 443

celatus, described 444

compared with Lingulella davisi 472

Lingulella granvillensis 471

Obolus (Schmidtia) acuminatus 443

Obolus (Schmidtia) crassus 447, 448

Obolus (Schmidtia) obtusus 449, 450

general geographic and stratigraphic distribution tab-

ulated lOlj

netlike coating of, which resembles a bryozoon 445

type specimen not figured.

celatus orbiculatus, compared with Obolus (Acritis) antiquis-

simus 440

,

mentioned 445

celatus prsEcisus, compared ^vith Obolus (Schmidtia) acumi-

natus 443

mentioned 445

Obolus (Schmidtia) cras5M5,described 464

compared with Obolus tetonensis ninus 418

Obolus (Schmidtia) acuminatus 443

Obolus (Schmi dtia) obtusus 449

general geographic and stratigraphic distribution tabu-

lated 101

type specimen not figured.

obtusus, described " 448

compared with Obolus (Schmidtia) acuminatum 443

Obolus (Schmidtia) celatus 445

Obolus (Schmidtia) crassus 447

general geographic and stratigraphic distribution tabu-

lated 101

type specimen not figured.

obtusus longus, mentioned 449

"Obolus (Thysanotos) siluricus," compared witii Oboltbs (Acritis)

antiquissimus 377-378

Obolus ( Westonia), described 450

characterized 378

classification of 321, 323

compared with A crothele 631

Botsfordia 602

Schizambon ? esthonia 622

evolution discussed 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 101

general stratigraphic distribution and number of Cam-
brian species and varieties of 110

mentioned 379

muscle scars discussed ', 312

number of Ordoviciau species and varieties of 113

number of species of, in different types of sediment. . . 160

relative position of vascular sinus in species of 376

species referred to classified according to surface orna-

mentation 450-451

stratigraphic range mentioned 379

surface ornamentation discussed 301, 302

type species "Lingula aurora" 378,450

alandensis, described 451

general geographic and stratigraphic distribution tabu-

lated 101

surface ornamentation characterized 451

type specimen figured PI. XLVIII, fig. 6a

aurora, described 451

compared with Lingulella (Lingulepis) starri 559

Obolus mcconnclU 396

Obolus ( Westonia) ella 456

Obolus (Westonia) euglyphus 461,462

Obolus ( Westonia) stoncanus 465,466

general geographic and stratigraphic distribution

tabulated 101

suri'ace ornamentation characterized 301,450,451

type specimen not figured.

balticus, described 453

compared with Obolus ( Westonia) Alandensis 451

Obolus ( Westonia) blackwelderi 453

general geographic and stratigraphic distribution

tabulated 101

stratigraphic position of bowlder containing, dis-

cussed 454

surface ornamentation characterized 451

type specimen figured PI. XLVIII, fig. 7b

blackwelderi, described 453

general geographic and stratigraphic distribution

tabulated 101

type specimen figured PI. XXXIX, fig. 10

bottnicus, described 454

compared with Obolus ( Westonia) Alandensis 451

Obolus ( Westonia) eloTigatus 459

Obolus ( Westonia) finlandensis 462, 684

Obolus ( Westonia) wimani 467

general geographic and stratigraphic distribution

tabulated
'

. . 101

stratigraphic position of bowlder containing, dis-

cussed 451, 454, 684

surface ornamentation characterized 451

type specimen figured PI. XLVIII, fig. 4
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Oholus {Westonia) chuarensis, described 454

compared with Lingulella dubia 495

Lingulella quadrilateralis 528

Oholus ( Westonia) euglyplius 462

general geographic and stratigraphic distribution

tabulated 101

surface ornamentation characterized 450

type specimen figured PI. XXV, fig. 2

daTtoni, described 455

general geographic and stratigraphic distribution

tabulated 101

type specimen figured text fig. 40A, 455

ella, described 455

compared with Acrotreta 672

Acrotreta hisecta 674

Acrotreta gemmula 374, 686

Acrotreta inflata 674

Acrotreta prim^va 672, 674, 700

Acrotreta sabrinse 674

Lingulella bellula 482

Lingulella dubia 495

Lingulella grandis 502

Lingulella helena 506

Lingulella mosia 520

Lingulella ora 622

Lingulella radula 529

[ (Lingulepis) roberti 557

gilis 393

Obolus f mirandus 405

Oholus refulgens 410

Obolus ( Westonia) alandensis 451

Obolus ( Westonia) aurora 452

Oholus ( Westonia) chuarensis 454, 455

Obolus ( Westonia) dartoni 455

Obolus ( Westonia) ella onaguiensis 459

Obolus ( Westonia) euglyphus 461,462

Obolus ( Westonia) themis 466

Obolus C Westonia) wasatchensis 466

Obolus ( Westonia) sp. undt. a 468

general geographic and stratigraphic distribution

tabulated 101

surface ornamentation characterized 450

type specimen figured PI. XLVII, fig. lb

cHa onaguiensis, described 459

general geographic and stratigraphic distribution

tabulated 101

type specimen figured PI. XLIX, fig. 6

^OfigatuSj described 459

general geographic and stratigraphic distribution

tabulated 101

type specimen figured PI. LXIII, fig. 8a

escasoni, described 459

compared with Obolus apollints 460,472

Oholus wortheni 421

general geographic and stratigraphic distribution

tabulated 101

muscle scars discussed 312

"

surface ornamentation characterized 451

type specimen figured PI. XLIX, fig. la

euglyphus, described 461

cardinal area discussed 304

compared with Lingulella lineolata 516

Lingulella upis 538

Obolus ( Westonia) chuarensis 454,455

Obolus ( Westonia) dartoni 455

Obolus ( Westonia) ella 456

general geographic and stratigraphic distribution

tabulated lOi

surface ornamentation characterized 450

type specimen figured PI. XLVIII, fig. Ic

Jinlandensis, described 462

compared with Obolus ( Westonia) bottnicus 454, 684

Obolus ( Westonia) elongatus 459

Obolus ( Westonia) wasatchensis 467

Obolus ( Westonia) wimani 468

general geographic and stratigraphic distribution

tabulated 101

stratigraphic position of, discussed 451, 454

surface ornamentation characterized 451

type specimen figured PI. XLVIII, fig. 3

Oholus ( Westonia) iphis, described 462

compared with Oholus ( Westonia) notchensis 463

general geographic and stratigraphic distribution

tabulated 101

type specimen figured PI. XLIX, fig. 4b

lamellosus, described 463

general geographic and stratigraphic distribution

tabulated 101

surface ornamentation characterized 451

type specimen figured PI. XII, fig, 7

notchensis, described 463

general geographic and stratigraphic distribution

tabulated 101

type specimen figured Pi. LXIII, fig;. 9

rogersi, described 463

compared with Obolus (Linguloholus) affinis 43i

general geographic and stratigraphic distribution

tabulated 101

surface ornamentation characterized 451

type specimen figured PI. XLII, fig. 2

stoneanu-s, described 465

compared with Lingulella kiurensis : 512

Lingulella oweni 523

Lingulella welleri 539

Obolella (Glyptias) favosa 600

Obolus ( Westonia) lamellosus 463

Obolus ( Westonia) notchensis 463

Obolus ( Westonia) rogersi 464

general geographic and stratigraphic distribution

tabulated 101

surface ornamentation characterized 450, 451

type specimen not figured.

themis, described 466

general geographic and stratigraphic distribution

tabulated 101

type specimen figured PL XI, fig. 2

wasatchensis, described 466

general geographic and stratigraphic distribution tab-

ulated 101

type specimen figured text fig. 41A, 467

wimani, described 467

compared with Obolus ( Westonia) Alandensis 451

Obolus ( U esfonia) blackweldcri 453-

Obolus ( Westonia) finlandensis 462

general geographic and stratigraphic distribution tab-

ulated 101

stratigraphic position of bowlder containing, dis-

cussed 451 , 454, 468

type specimen figured PI. XLVIII, fig. 5

sp. undt. a, described 468

general geographic and stratigraphic distribution tab-

ulated 101

type specimen not figured.

sp. undt. b, described 468

general geographic and stratigraphic distribution tab-

ulated
.'

101

type specimen not figured.

Obookhov, see Obuchow.

obscura, see Billingsella.

obscurus, see Oholus.

Observatory Hill, Maryland, locality on 47e

ohtusus, see Oholus (Schmidtia).

Obuchow (Obookhov), St. Petersburg, Russia, locality at 337J

occidens, see Mickwitzia.

Odensholm Island, Esthonia, Russia, localities on 336b, 337c, 395v

O'Donnell and McManniman's quarry, Newton, New Jersey,

locality in He
Oehlert, D. P., bibliographic references .' 22

celandica, see Acrotreta.

Oeiand Island, Sweden, localities on 8z,

309f, 309j, 309m, 310, 310a-g, 310i-k, 310m, 310o, 310p, 310r, 310s,

310w, 320g, 320p, 320q, 320s, 321x, 390, 390a, 390c-e, 390i, 390m
Oestersund, Sweden, locaUty near 320

1

Ofverby, Aland Island, Finland, locality at 311t

Oregrund, Sweden, locality near 311t

Osthammar, Sweden, localities near 311a, 311p

See also Fanton Island.

Ostra Rynninge, Sweden, locality at 320u

Oxna (Oksna), Norway, locaHty at 323u

Ogden, Utah, localities east of 30p, 30q, 30s
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Ogden Canyon, Utah, localities in 30p, 30q, 30s

Ogof-ddu Cliff, near Criccietli, Wales, locality at 318s

Ogygopsis zone (Middle Cambrian) discussed and fauna listed. . . 127-12S

locality in. 14s

mentioned 724

Ogygopsis Jtlotzi, association mentioned 354

Ojo de Agua, Argentina, locality at 389c

Oklahoma, Cambrian species of, listed 114-119

detailed section of Cambrian and Ordovician in, listing spe-

cies and localities 141-142

localities in 9p-x, 9z, 12j, 12k, 12m, 12n, 12p

Oksna, see Oxna.

Old-age characters, discussed 315

Olenelloides armatus, association mentioned 641

Olenellus, association mentioned 338,

340, 347, 349, 352, 583, 613, 617, 644, 659

mentioned *j84

OUnellusf, stratigraphic position of bowlder containing, dis-

cussed 454, 684

Olenellus fauna, mentioned 362, 378, 387, 409, 492, 665, 681, 707, 731, 764

Olenellus zone (Lower Cambrian) , localities in 142, 396v

mentioned 473,584,620,701

Olenellus gUberli, association mentioned 656

thompsoni, association mentioned 316, 759

mentioned 605

Olenoides fauna, mentioned 362, 378

Olenoides curtkei , association mentioned 692

Olenopsis, association mentioned 584

Olenopsis beds, mentioned 332

Olenus, association mentioned 767

mentioned 482, 766

Olenus fauna, mentioned 657

Olenus zone (Upper Cambrian), in generalized section for Swe-

den, Denmark, Finland, and Norway, listing species and

localities 145

localities in 9f, 309m, 390n

mentioned 630

Olenus truncatus zone (Upper Cambrian), localities in 310a, 310i

mentioned 541

Onaqui Range, Utah, locality in 33f

onaquiensis, see Obolus ( Weslonia) ella.

Oneida County, Idaho, localities in 4y, 5a-c, 5h, 54s-x, 55d

" Oneota dolomite " (Lower Ordovician), localities in 339, 364a

localities in, mentioned 169

• Ontario, Cambrian species of, listed 114-119

localities in 392b, 392d, 392e

note on stratigraphic position of localities in ... : 143

Ontika, Esthonia, Russia, locahties at 395d, 396k, 396q, 395t

Oothkalooga Valley, Georgia, locaUty in 362

Ophileta beds, mentioned 353b

Ophir, Utah, localities near 3c-e, 329e

ophirensis, see Acwtrcta and Micromitra (Iphidella) pannula.

ophirensis desccndens, see Acrotreta.

ophnensis rvgosa, see Acrotreta.

Oquirrh Range, Utah, localities in 3c-e, 329e

era, see Lingulella and Micromitra (Paterina) stissingen^s.

"Orbicula bmhi," type of Keyserlingia 628

"? crassa," discussed 594

" reversa," compared with Keyserlingia buchi 630

Orbiculoidea, described 722

cardinal area discussed 305

classification of 321,325

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of the

species referred to 107

general stratigraphic distribution and number of Cam-
brian species and varieties of ill

listrium in 306

muscle scars not shown in 313

number of species of, in different types of sediment- . . 160

reference to, of Orbiculoidea cotitraria, discussed 722

reference to, of Orbiculoidea pileolus, discussed 723

reference to, of Orbiculoidea varians, discussed , 723

contraria, described 722

general geographic and stratigraphic distribution

tabulated 107

type specimen figured PI. LXXXI, fig. 9

Orbiculoidea pileolus, described 722

general geographic and stratigraphic distribution

tabulated 107

type specimen figured PI. LXXXI, fig. 11

varians, described 723

compared with OrbicuMdea contraria 722

general geographic and stratigraphic distribution

tabulated 107

type specimen figured PI. LXXXI, fig. 8
Orbiculoides, compared with Discinolepis 664

d'Orbigny, A., bibliographic reference 22

Ordovician, Bohemia, generalized section, listing species and lo-

calities 124

East Prussia, generalized section, listing species and localities 143

England, generalized section, listing species and localities ... 135

families listed 113

genera listed 113, 317

Mount Bosworth, reference of, to Sherbrooke limestone

explained 125

Nevada, detailed section, listing species and localities 139

Newfoundland, species and localities in, listed 140

Oklahoma, detailed section of Arbuckle limestone 141

Russia, generalized section, listing species and localities 143

Scotland, generalized section, listing species and localities. . . 135

species listed • 98-109

species of Europe listed 123

species of North America listed 122-123

Utah, detailed section, listing included and correlated

species and localities 148, 153

Wales, generahzed section, Hsting species and localities 135

See also Passage beds.

Oregrund, Sweden, locahty near 311t

orientalis, see Billingsella, Huenella, Micromitra {Paterina) labror

dorica, and Y'orkia.

Original, see L'Original.

Orleans Island, Quebec, locality on B6b

ornaiella, see Micromitra (Iphidella).

Orr formation (Upper Cambrian), in detailed section in House
Range, Utah, listing included and correlated species and
localities 153-154

localities in 30h, 30j-l, 30y, 31t

mentioned 510

Orr Ridge, House Range, Utah, locahties on 30h, 30j-l, 31t

orta, see Acrothyra sigtutta.

Orthacea, classification of 321, 325

distribution in Cambrian strata 316

genera and species referred to, described 725-795

orthia, see Syntrophia.

Orthidce, Cambrian and Ordovician types compared by UMch 308

compared with Billingsella 749

Billingsellidfe by Ulrich 308

Cambrian Billingsellidas 320

cruralium mentioned 309

Ordovician and Cambrian types compared by Ulrich 308

pseudospondylium discussed 307-308

Schuchert on development of 308

shell structure compared with that of Billingsellidae 300

Ulrich on development, classification, and relations of 308

Orthidse (Cambrian), compared with Ordovician Clitambonitidse

by Uhich 308

Orthis, classification of, by Ulrich 308

compared with Billingsella 772, 773

Eoorthis 772, 773

Orusia 765

Protorthis 739

Wynnia 771

cruralium mentioned 309

discussed 772

evolution discussed 320

evolution of 317

mentioned 735, 785, 788

no Cambrian representatives 320

presence at Hastings Cove mentioned 779

pseudospondylium discussed 307

reference to, of Eoorthis atava discussed 774

sequivalvis, mentioned 772

? armada, reference to Syntrophia discussed 798

"barabuensis," mentioned 798
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OrtMs "hiforta," compared with Syntrophia harahuensis 799

callactis, type of Orthis (restricted) 772

callactis-tricenaria group, compared with average Cambrian
articulate hy Ulrich 308

calligramma, mentioned 772

"christianise,'" forms referred to, diSerentiated 775

Brogger, discussed 776

Gagel, discussed 776

Roemer, discussed 776

"coloradoensis," type of Billingsella 749

"exporrecta," compared with Eoorihis Ummrssoni 783

discussed 755

fissicosta, mentioned 772

flabellites, compared with Plectorthis whitfteldi hy Ulrich 308

"hicksi,' ' compared with Eoorihis linnarssoni 783

discussed 755

"m/^exa," compared with iVisMsia? vaticina 730

jamesi, mentioned 772

"kuthani," compared with Nisusia {Jamesella) perpasta 736

"lenticularis," mentioned 731

"lenticularis? Kayser," discussed 767-768

"lynx," compared with Eoorihis primordialis 785

mcnapise, compared with Eoorihis saltensis 788

"parva Dalman," discussed 776

' 'pepina,' ' compared with Clitambonites 739

discussed 749

"pUcatella," type of Plectorthis Hall and Clarke 772

"primordialis," association mentioned 735

"remnicha," type of Eoorihis 773

''romin^eri," compared with iVzswsfa f vaticina 730

compared with Nisusia (Jamesella) kuthani 733

"Orthis sp. Pompeckj " , 793

"saltensis," compared with Orusia lenticulaTis 768

mentioned 499, 767

"sandbergi," type of Otusia , 769

sinuata, mentioned 772, 785

"sirmiwZa," compared with Nisusiaf vaticina.
_ 730

mentioned 785

subquadrata, mentioned 772

tricenaria, American representative of Orthis callactis 772

compared with Billingsella romingeri by Ulrich 308

Dalmanella subsequata by Uhich 308

muscle scars of, discussed by Ulrich 308

See also Orthis callactis-tricenaria group.

tripUcatella, mentioned 772

tritonia, muscle scars of, discussed by Ulrich 308

" vaticina Salter MS.," discussed 730,731

"sp. Kayser," discussed 767, 768

discussed and compared with Orusia lenticularis 789

sp. Pompeckj, discussed 775,793

*^Orihis {^Orthis christianise) Roemer," discussed 776

Orthis (Billingsella) laurentina, compared with Plectorthis whit-

ficldi by Ulrich 308

Orthis (Dalmanella) parva, compared with Eoorthis 773

"Orthis ( Firikclnburgia) finkelnburgi," type of Finkelnhurgia 794
" Orthis (Plectorthis)," discussed 772

reference to, of Billingsella retroflexa discussed 761

reference to, of Otusia sandbergi discussed 770

Orthisina, compared with Kutorgina 579

Protorthis 739

reference to, of Eoorthis johannensis discussed 781

reference to, ofiVwusia? vaticina discussed 730

reference to, of Nisusia (Jamesella) pellico discussed .

.

735

"adscendens," compared with Nisusia (Jamesella) pellico .

.

735

"festinata," type of Nisusia 725

"orientalis," compared with Eoorthis johannensis 781

" pepina," compared with Eoorthis johannensis 781

Orthoceras limestone, in generalized section for Sweden, Denmark,
Finland, and Norway, listing species and localities 144

systemic reference discussed 98

Orthoceratite limestone (Passage beds), equivalent to the Vagi-

noceras limestone 628

in generalized section for Russia, listing species and locali-

ties 143

localities in 336d-f, 336z, 337, 337a-c, 337f-li, 337j-m, 390

Orthoids, canal system mentioned 312

Orthostrophia, classification of, by Ulrich 308

no Cambrian representatives 320

Orthothetes compared with Eostrophomena 796

Orthotichia, classification of, by Ulrich 308

Orusia, described 765

cardinal area discussed 305

classification of 321

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 108

general stratigraphic distribution and niamber of Cam-
brian species and varieties of Ill

muscle scars discussed 313

number of species of, in different types of sediment 160

stratigraphic position mentioned 320

type species "Anomites lenticularis" 765

Ulrich on spondylimn 308

vascular markings discussed 312

? eurekensis, described 765
'

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figured PI. CI, fig. 7

lenticularis, described 765

compared with Orthis sp. Kayser 789

Orusia? eurekensis '. 765

general geographic and stratigraphic distribution tab-

ulated 108

type specimen not figured.

lenticularis atrypoides, described 769

discussed :. 768

general geographic and stratigraphic distribution tab-

ulated 108

type specimen figiired PI. XCVIII, fig. 5

lenticularis hjncioides, described 769

discussed 768

general geographic and stratigraphic distribution tab-

ulated , , 108

type specimen figured PI. XCVIII, fig. 4

lenticularis strophomenoides, discussed 768

Osceola, Nevada, localities near 8m, 8n, lOw
Osceola, Wisconsin, localities near 78, 78b, 78c, 78s, 328b, 328iu, 328n
osceola, see Finkelnhurgia and Lingulella mosia.

osceola corrugata, see Finkelnhurgia.

Oslo, near Christiania, Norway, locality at 323m,

Osthammar, Sweden, localities near 311a, 311p
See also Fanton Island.

Ostra Ryiminge, Sweden, locality at -320u

Otisville, Minnesota, locality at 339a

Ottawa River, Quebec, locality on 392h
Ottenby, Oeland Island, Sweden, localities at 310, 310r, 390e

Otusia, described 769

cardinal area discussed 305

classification of 321, 325

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 108

general stratigraphic distribution and number of Cam-
brian species and varieties of m

number of species of, in different types of sediment 160

reference to, of Otusia sandbergi discussed 770

stratigraphic position mentioned 320

type species " Orthis sandbergi" 769

Ulrich on spondylium 30S

sandbergi, described 769

compared with Finkelnburgia finkelnburgi 794

Otusia utahensis 770

general geographic and stratigraphic distribution

tabulated 108

type specimen not figured.

utahensis, described 770

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. LXXXIX, fig. 3

Ouray County, Colorado, localities in 335a, 360b

Outside lateral muscle scars, shown in figure 374

Outside and middle lateral (protractor) muscles, defined 294

ovalis, see Acrotreta.

vando quadrangle, Montana, localities in 4q, 4q', 4v, 4w, 8j

Oviedo, Spain, locality in 350a
Owen, D. D., bibliographic references 22

species named for 523

weni, see Lingulella.
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Owl Creek Mountains, Wyoming, locality in 302p

Oxna (Oksna), Norway, locality at 323u

pacifim, see Acrotreta.

Pack, F. J., bibliographic reference 22

Packsaddle Mountain, Texas, localities on 68, 68e, eSy, 68z

Paget limestone (Upper Cambrian), detailed section listing in-

cluded species and localities 125

pagoda, see EooTthis.

Pagoda Hill, near Tsinan, China, locality at C56

Pahrump Valley , Nevada, locality near 7n

{Palseoiolus), see Obolus (Pakeobolus).

"PaUeoiolus bretonensis," type of Obolus (Palseobolus) 378, 426

paUiatus, see Obolus.

Palms, Esthonia, Russia, localities near 396j, 396m, 396p

pandemia, see Obolus.

Pander, C. H., bibliographic references 22

species named for 408, 652

panderi, see Acroiliele and Obolus.

pannula, see Micromiira (Ipliidella).

pannula maladeTisis, see MicromUra (Ipliidella).

pannula ophirensis, see MicTomitra {Jphidella).

Panther Creek, Yellowstone National Park, Wyoming, locality

near 302h

papias, see EooTiMs.

PaTabolina zone, in generalized section for Cape Breton, listing in-

cluded and correlated species and localities 131

mentioned 487

Paradise Dry Canyon, Cache County, Utah, localities in 31z,

32d, 32e, 55t

Faradoxides, association mentioned 485, 555, 706, 730, 773, 809

Paradoxidcs beds, mentioned 499

Faradoxides fauna, mentioned 600

Faradoxides series, mentioned 516

ParadorMcszone (Middle Cambrian), localities and species in,Iisted. 124

localities in 2a, 21, 2m, 2s, 2t, 3, 3b, 3i, 6g, 314,

320b, 343, 345a, 345d, 345e, 350

mentioned 360,555,687,707,708,773,785

Faradoxides bohemiais, association mentioned 531

davidi.^, association mentioned 498

daridis zone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing

species and localities 146

localities in 16k, 161

t mentioned 515

/orehhammeri beds, mentioned 663

foTchhammeri zone (Middle Cambrian), in generalized secf

tion for Sweden, Denmark, Finland, and Norway,
listing species and localities 145

localities in 8w, 16h, 16J, 310i, 3101, 320g,

32Dm, 320n, 320p, 320q, 320v

320y, 320z, 321q, 321r, 334, 3341i

mentioned 578, 642. 709, 712

See also Forchhammeri zone.

ftzcfcsf , association mentioned 498

alandicus, association mentioned 712

celandicus zone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing

species and localities 146

localities in 8z, 310c, 310p, 3201, 323b

cf. iessini, association mentioned 531

tessini zone (Middle Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing

species and localties 146

localities in 310m, 310o, 320d, 320h, 320o, 334c

Parara, Yorke Peninsula, South Australia, locality at 315a

Parasiropltia, reference to, of Huenella abnormis discussed 806

Parietal band, defined 294

shown in figure 374

Paris, Idaho, locality near 322a

Park County, Montana, localities in 4r, 148a

Parker's quarry, near Georgia, Vermont, localities at and near 25,

28a, 319g, 319j, 319k, 319m

Parks, W. A., acknowledgments 12

parvula, see Acrotreta.

parvus, see Dicellomus and Obolus.

Passage beds, Bohemia, localities and species in, listed 124

Denmark, generalized section, listingincludedandeorrelated

species and localities 144

families in, listed 112

Passage beds—Continued.

Finland, generalized section, listing included and corre-

lated species and locaUties 144

genera in, listed , 110-111

Nevada, detailed section, listiag species and localities 139

Norway, generalized section, listingincludedandeorrelated

species and localities 144

Russia, generalized section, listing species and localities 143

species in, listed 98-109

Sweden, generalized section, listing included and correlated

species and localities 144

Pass Creek, Montana, localities on and near . . 150a, 152a, 152b, 153,153a,154

Patella rivulosa, type of Philhedra 724
" FateriTm," Rustella compared with Beecher's ideal 328

type of Beecher's genus discussed 334, 344, 349

used as a subgenus 336, 344

(Fateriva), see Micromiira (Faterina).

Paterinidse, classification of 321, 322

distribution in Cambrian strata 316

genera and species referred to, described 329-369

general stratigraphio distribution and number of Cambrian
genera and species of ' 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

number of Ordovician genera and species in monograph 113

vascular markings discussed 311

Patterson Canyon, Schell Creek Range, Nevada, locality in 8e

Pavant Mountains, Utah, localities in 331, 33n

Pawlowsk, near St. Petersburg, Russia, localities at 336w, 395w
Peak, Tennessee, locality near 7d.

Peale, A. C, bibliographic reference 22

species named for 339

pealei, see Micromiira.

pectenoides, see Dicellomus.

peculiaris, see Kutorgirm.

Pedicle, defined 29t

Pedicle aperture, discussed 314-315

Pedicle furrow, defined 294

shown in figure 374

Pedicle groove, defined 294

Pedicle muscles, defined 294

Pedicle muscle scar, shown in figure 374

Pedicle opening, defined 295

development of 306

discussed 318

Pedicle tube, defined 295

development of 314

discussed 314-315

pelias, see Obolus mcconnelli.

pelUco, see Nisusia (Jamesella).

Peltier, Tennessee, locality near 374e

Peltura fauna, C3b (Upper Cambrian), locality in 325

Peltura zone, in generalized section for Cape Breton, listing in-

cluded and correlated species and localities 131

Pembrokesliire, South Wales, locality in 366

Peiunain Pool, North Wales, locality at 318

Penmorfa, North Wales, locahty at 366k

Penmorfa Church, North Wales, locality at 318t

Pennsylvania, Cambrian species of, listed 114-119

localities in 8q, 12v, 48d, 49, 49a-f, 49w, 50, 50a, 346, 346a-c

note on stratigraphio position of localities in 143

Penrhyn quarries. Middle ranville. New York, locality at 22a

Pentameracea, classification of 321, 326

cruralium mentioned 309

distribution in Cambrian strata 316

genera and species referred to, described 796-810

microscopic structure of Cambrian and later, discussed 300

Pentamerida:', Ulrich onspondylium 308

Pentamerus, compared with Obolella 597

Ulrich on spondylium 308

Pen-y-Bryn, North Wales, locahty at 366h

Pen-y-pleidiau, South Wales, locaUties at 318g, 318J

Pepin, see Lake Pepin.

Pepper Mountains, Poland, locaUty in 368

peraitenuata, see Lingulella.

perfectus, see Obolus (Fordinia).

Peripheral vascular canals, shown in figure 374

perpasta, see Nisusia (Jamcsella).

perpasta macra, see Nisusia (.Jamesella),
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perpasta subquadrata, see Nisusia (Jamesella).

perugata, see Kutorgina.

Peterson, Utah, locality near 329c

Pewardine, England, locality at 304k

pMon, see Lingulella.

plieres, see Oholiis.

J^hilhedTa, described 724

cardinal area, discussed 305

classification of -. 321, 325

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 107

general stratigraphic distribution and number of Cam-
brian species and varieties of HI

' muscle scars, not sho\vn in 313

number of species of, in different types of sediment. .

,

160

occurrence in Cambrian, discussed 319

type species " Patella rivulosa" 724

Columbiana, described 724

general geographic and stratigraphic distribution

tabulated 107

type specimen figured PI. LXXXI, fig. 10

PhilUps, J., bibliographic reference 22

species named for 352

Phillipsburgh, Quebec, localities at 3921, 392m

Phillipsburgh formation (Lower Ordovician), mentioned 319f

Phiilipsburg quadrangle, Montana, localities in 302q, 302r, 340e

philUpsi, see Micromitra (Patcrina).

Pholidops impUcata, compared withBicia wTiiteavesi 568

-Phyllograptus slate (Passage beds), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 144

localities in 323, 3231

Pike View, near Colorado Springs, Colorado, locality near 360d

^ileolus, see Orbiculoidea.

Pilot Blnob, Wisconsin, locality near 99a

Pinal County, Arizona, locality in 358a

Pinnacle Peak, Eureka district, Nevada, locality near 65

Pioche, Nevada, localities near 7k, 31, 31a, 31u, 333a, 333b

Pioche formation (Lower Cambrian), in detailed section in House
Range, Utah, listing included, and correlated species and

localities 158

localities in 41?, 31a, 331, 52?

species and localities in Nevada correlated with 140

I^lstsiomys ? defleda group, classification of, by Uhich 308

Tlanilimhata limestone, in generalized section for Sweden, Den-

mark, Finland, and Norway, listing species and localities. 144

See also Megalaspis planilimbata zone.

Platform, defined 295

discussed 309-310

Hall and Clarke on 309

Platform-bearing brachiopods, development of 309

Tlatystrophia, classification of, by Ulrich : 308

compared with EoortJiis remnicha 787

no Cambrian representatives 320

TlectoTthis, classification of, by Ulrich 308

discussed 772

muscle scars of, discussed by Ulrich 308

no Cambrian representatives 320

reference to, of Protorthis hunnebergensis discussed 741

See also Orthis (Plcctorthis).

plicaiella, shell section figured text fig. 12, 299

whilfiddi, compared with Billingsella by Ulrich 308

discussed by Ulrich 308

muscle scars of, discussed by Ulrich 308

Pleurocoeles, defined , . .

.

295

shown in figure 374

vessels of, shown in figure 374

plicatella, see Billingsella.

Pdddrus, Esthonia, Russia, locality near 3376

Podolova (Putalova?), St. Petersburg, Russia, locality at 366a

pogonipensis, see Lingulella.

Pogonip limestone, detailed section, listing included and corre-

lated species and localities 139

mentioned 517, 688, 689, 777

Pogonip limestone (Lower Ordovician), localities in. 63,

201a, 202, 203, 204, 209, 214a, 214b, 221

Pogonip limestone (Passage beds), localities in 201, 203a, 211

Point Amour, Labrador, locality at 3921

Point Levis, Quebec, locaUties at 319, 319a, 319d, 3191, 392j

Poland, Cambrian species of, hsted 120-121

Pole Creek, Madison County, Montana, locality on 149a

politusy see Dicdlomus.

Polk County, Tennessee, locality in 128a

Polk County, Wisconsin, localities in 78,

78b, 78c, 78s, 82, 82s, 328b, 328e, 328f, 328h, 328ni, 328ii

Polyphyma zone (Upper Cambrian), locality in 304b

Pobjlccckia, compared v/ith Clarkdla 809

"montancnsis," type of Clarkella 809

Pompeckj, J. F., acknowledgments 12

bibliographic references 22

Pont Nant-y-Ladron, Wales, localities at 305f , 366j

Popes Peak, Alberta, locality near 35e
_

Popo Agie Canyon, see Middle Popo Agie Canyon.
Popowka, St. Petersburg, Russia, localities at 336, 336y, 337in

Porters Brook, New Brunswick, locaUties on 301 1, 301m
Porthclais Harbor, Wales, localities at 366b, 366c

Port Henry, New York, localities near 136, 367g

Porth-y-rhaw, South Wales, locaUties at , 318d, 318g

Portland (St. John), New Brunswick, locaUties at.. 301g, 301w, 308h, 30Si

Portland Creek, Newfoundland, locaUty near 314d
Portmadoc, North Wales, locaUties at and near 318b, 366n, 366q
Porto Canal Grande, see Canal Grande.

Portugal, Cambrian species of, listed 120-121

locality in 351

Posen, Germany, locaUty in 386h

Posterior region, defined 295

Post Oak Springs, Tennessee, localities near 11, 13

Potosi, Missouri, localities near He, 3691)

"Potsdam formation," mentioned 624

Potsdam sandstone (Upper Cambrian), locaUties in 110,

111, 136, 185, 185a, 338j, 338r-u, 338w, 392
" Potsdam " strata, mentioned 527

Poughkeepsie, New York, LinguZella (LiTigulepis) acuminata at,

discussed 548

locaUties near 108, 367e, 367j

Poultney River, New York, locaUty on 34

Powder River, Wyoming^ locality on 302x

PoweU County, Montana, locaUties in 3j, 4q, 4q', 4v, 4w, 5j, 8j

Powells Plateau, Arizona, locaUty near 74d
Prairie du Sac, Wisconsin, localities at '

85, 85s

Praschno Augezd, Bohemia, locaUty at. 345g
Prestorp , Sweden , locality at 390k
pretiosa, see Acrothde and Mickwitzia.

prima, see Acrothele, Acrothyra signata, and Lingulella.

prima costata, see Acrothde.

primseva, see Acrotliele, Acrotreta. and Lijigulella.

primordiaXis, see EoortHs and SyntropMa.

primoTdialis argia, see SyntropMa.

Princeton, Montana, locality near 302r

Prindle, L. M. , species named for 409

prindlei, see Obolus.

Printuf House, Gadsden, Alabama, locaUty near 138

priscus, see Schizambon.

pristinus, see Trematobolus.

proavia, see Acrothyra.

Productidse , cardinal process discussed 306

cruralium mentioned 309

" Produdus limestone," mentioned 511

proles, see Acrothele.

prolificus, see Dicdlomus.

Promontory Point, Utah, locaUty near 30u

prospedensis, see Micromitra (Paterina).

Prospect Mountain, Eureka district, Nevada, localities on 52, 54, 55

Prospect Mountain limestone^Eldorado limestone.

Prospect Mountain quartzite, in detailed section in Eureka district,

Nevada 140

in detailed section in House Range, Utah 158

Protegulum, defined 295

"Protolcnus beds," mentioned : 499, 708

''Proto/(?7iu5 fauna," mentioned 686

Protolcnu^ zone, generalized section of beds referred to 132-133

Ibl (Middle Cambrian) , localities in 2f , 2g, 301i, 308e?

Ib2 (Middle Cambrian) , locaUties in 2h, 301

lb3 (Middle Cambrian) , locaUties in 2i, 2k, 301a, SOSg?

Ib5 (Middle Cambrian), locaUties in 301b, 301d, 301f
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Protorihis, described 738

cardinal process discussed 306

classification of 321, 325

compared with Protorthis (^Loperia) dugaldensis 744, 745

dental plates discussed 311

evolution discussed 320

evolution of 317

general geographic and stratigraphic distribution ot

the species referred to 107

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

muscle scars discussed 313

number of species of, in different types of sediment. .

.

160

presence at Hastings Cove, mentioned 779

reference to, of Nisusia (Jamesella) spencei discussed . 737

reference to, of Protorthis hunnehergensis discussed 741

reference to, of Protorthis latourensis discussed 742

spondylium discussed 307

stratigraphic position mentioned 320

Ulrich on spondylium in 308

vascular markings not preserved 311

billingsi, described 739

compared with Protorthis latourensii 742

Protorthis quacoensis 743

Protorthis wingi 743

general geographic and stratigraphic distribution tabu-

lated 107

type specimen not figured.

helerta, described 740

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI- XCIX, fig. 4

? hunnebcrgensis, described 740

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI- XCV, fig. 5a

Ise^is, described 741

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI- XCIX, figs. 6, 6a^b

latourensis, described 741

compared with Protorthis helem 740

general geographic and stratigraphic distribution tabu-

lated 107

type specimen not figured.

, described 742

compared with Protorihis sp. undt 744

general geographic and stratigraphic distribution tabu-

lated 107

muscle scars discussed 313

type specimen fig\ired PI- XCIX, fig. 2b

wingi, described 743

general geographic and stratigraphic distribution tabu-

lated 107

type specimen figured PI- XCIII, fig. 5a

sp. undt., described 743

general geographic and stratigrapliic distribution tabu-

lated 107

type specimen not figured.

Protorthis (,Loperia), described 744

classification of 321, 325

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 107

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

number of species of, in diflerent types of sediment .

.

160

stratigraphic position mentioned 320

type species Protorthis (Loperia) dugaldensis 744

dugaldensis, described 744

compared with Dinorthis 320

general geographic and stratigraphic distribution

tabulated 107

type of Protorthis (^Loperia) 744

type specimen figured PI. XCIX, fig. 5

Protosiphon, discussed 616, 619, 620

Protractor muscles, defined 295

Protremata, articulating processes discussed 307

cardinal area discussed 305

Protremata—Continued

.

classification of 321,325

defined 295

dental plates discussed 310-311

distribution in Cambrian strata 316

evolution of genera of, discussed 319-320

holoperipheral growth of deltidimn in 306

muscle scars discussed 313

pedicle opening absent in all Cambrian genera except Bil-

lingsclla 315

pedicle tube discussed 315

pseudospondylium in 307-308

spondylium discussed 307-308

surface ornamentation discussed 302

vascular markings discussed 311-312

Protremata (Ordovician) shell structure compared with that of

Cambrian eoorthoids and BillingsellidEe 300

Provo, Utah, locality near 7w
Prussia, Cambrian species ot, listed 120-121

See also East and West Prussia.

Prussian Holland , East Prussia, locali ty near 386a-

Pseudo-area, defined 295

Pseudochilidium, defined 295

discussed 306-

Pseudocruralium, defined 295

Pseudodeltidium, compared with deltidium 306

defined 295

discussed 303-305

Pseudopedicle groove, defined 295

Pseudospondylium, defined 295

Pskow, Russia, locality in 336p

Ptychoparia, association mentioned 349

mentioned 501

kingi, association mentioned 658

minuta, association mentioned 527

robbi, association mentioned 498

variolaris, association mentioned 49S

pulchra, see Botsfordia.

Pulkowa, near St. Petersburg, Russia, locaUties at 336e, 396 1

Pulkowa Brook, near St. Petersburg, Russia, locality on 395y

Pulpit Rock,Nahant, Massachusetts, locality at 326c

pumila, see Lingulella (Lingulepis).

Pumpelly, Raphael, species named for 761

pumpellyi, see Billingsella,

punctata, see Lingulella.

Punta Pintau, Sardinia, locaUties at 354b, 354o, 354f

pusilla, see Micromitra.

Putalova, see Podolova.

putcis, see Acrothele avia.

Puxley Park Lane, Atherstone, England, locaUty on 304]

pygmsea, see Lingulella (Lingidepis).

pyxidicula, see Acrotretu.

quacoensis, see Protorthis.

quadrilateralis, see Lingulella.

quadrilincata, see Acrothele.

Quebec, Cambrian species of, listed 114-119

localities near 66a, 56b, 319c, 319h, 3191,

Quebec (Province), Canada, locaUties in .. . 2n-p, 2r, 220a, 319, 319a-d,

319i, 319ll-pl, 319t, 319u, 392?, 392g-j, 392m, 392n?

note on stratigraphic position o£ localities in 143

" Quebec group " (Lower Ordowian), locaUties in 314d, 392]

mentioned 517

See also Division P of BiUmgs.

Quebecia, described - 609

cardinal area discussed 305

classification of 321, 324

compared with Acroireta 611

Obolclla 611

Yorlia 611

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number ot Cam-

brian species and varieties ot HO

number of species of, in different types of sediment ... 160

shell substance 297

stratigraphic position mentioned 31S

type species " Obolella circe" 610 •-
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Quebecia dree, described 610

general geographic and stratigraphic distribution

tabulated 104

type specimen not figured.

Queens Canyon, near Manitou, Colorado, locality in 360f

Quenstedt, F. A. von, bibliographic references 22

variety named for 385

quemtedU, see Obolus apollinis.

Quinn Canyon Range, Nevada, locality in 7j

Rabenberg, Bohemia, locality at 303g

radula, see LinguleUa.

Rafinesquina, reference to, of Eoorthis atava discussed 774

reference to, of Prolorlhis hunnebergensis discussed 741

Rafinesquinfie, classification of 321, 326

genera and species referred to, described 795^796

Baggedstone Hill, Malvern Hills, England, locality at 304c

Rainbow Valley, House Range, XTtab, localities near llu, 14t

Ramsey Island, St. Davids, South Wales, locality on 318w

randomensis, see LinguleUa.

Random Island, Trinity Bay, Newfoundland, localities on. . . 61, 6s, 6y

Ransome, F. L., bibUographic reference 22

raTdf s&Q Acrothelc and Nisusia.

RatcUfls Milistream, St. John County, New Brunswick, localities

on 301j, 301z

Rattvlk, Sweden, locality near 9e

Rawlins, Wyoming, locality near 340c

ReadsLanding,Lake Pepin, Minnesota,localities at.. 97, 97x, S97z, 339c

Reagan sandstone (Upper Cambrian), detailed section, listing in-

cluded and correlated species and localities 142

Diccllomus politus from, discussed 577

localities in 9p-x, 12k, IZn, 12p, 14q

Rectostriatie, group including Nisusia f mticind. 730

recuTva, see Volborthia.

Red Canyon Creek, Black Hills, South Dakota, locality on 355

Red Cedar River, Wisconsin, locality on 134

Redlich, K. A., bibliographic reference 22

subgenus named for 663

(Redlichella), see Acrothele (Redlichella).

Medlichia, association mentioned 589

EedlicMa noetlingi, association mentioned S39

Eedrock Point, Conception Bay, Newfoundland, locality on 5t

Redwater Canyon, Black Hills, South Dakota, locality on 355

Red Wing, Minnesota, locahties near 86a, 113

Redwood, New York, locality near 185

Reedsburg, Wisconsin, locahty near 80a

refulgent, see Obolus.

Remelfi, Adolf, bibliographic reference 22

remnicha, see Eoorthis.

revmicha sulcata, see Eoorthis.

remnicha texana, see Eoorthis.

remnicha winfieldensis, see Eoorthis.

Rensselaer County, New York, localities in 2b, 2d,

27, 27a, 29a, 44a, 72, 72a, 338, 338k, 338n, 338q, 338y, 367, 367b, 3671

Resting (Freshwater) Springs, Inyo County, Cahtornia, localities

near . 14 1, 14n-p

Retractor muscles, defined 295

retroflexa, see Billingsella.

Reval, Esthonia, Russia, localities at 336c,

336d, 336f, 3361, 336v, 337b, 337h, 396d, 396g,'396q, 396r-t, 396y

localities east, south, and west of 9d, 336b, 336h,

336m, 336t, 337, 337a, 337e-e, 3371, 395, 395a, 395c-e, 395g, 395h,

395j-n, 395p-v, 395x, 396, 396a-c, 396h, 3961, 396n, 396u, 396x

rhea, see Obolus.

Rhea Springs, Tennessee, locality near 13b

Rheider Waterfall Valley, North Wales, locality in 318c

Bhinobolus, Hall and Clarke on development of 309

platform mentioned 309

Bhipidomella, classification of, by Ulrich 308

muscle scars of, discussed by Ulrich 308

Rhiwfelyn, Wales, locality at 318v

Rhode Island, Cambrian species of, listed 114-119

localities in 343, 343a, 343b

Jihijnchotrema capat, compared with Kcyserlingiabuclii 630

Richmond mine. Eureka district, Nevada, localities at 57, 60

Richthofen, Ferdinand von, species named for 762

richtltofeni, see Billingsella.

Riders Mills, New York, locality near 32a

Rimouskl County, Quebec, localities in 2o, 2p, 2r, 319b

Ringsaker, Norway, localities in 8v, 323b, 324, 324d

River Junction, Minnesota, locality at 84a

Roane County, Tennessee, localities in 11, 13, 13b

Roan iron mine, Bartow Coimty, Georgia, locaUty at 59m

Roan Mountain quadi'angle, Tennessee, localities in 2z, 374c

Robert, J. Alfred, species named for 558

robcrti, see LinguleUa (Lingulepis).

robusta, see LinguleUa (Lingulepis) gregwa.

RoccaalMare, Esthonia, Russia, locality at 396t

Roche k Cris blufl,'Adams County, Wisconsin, locality at 328k

Rockbridge County , Virginia, locahties in 47a, 92b

Rock Canyon, near Provo, Utah, locaUty in 7w
Rock Creek, Granite County, Montana, locality on 302q

Rock Hill schooUiouse, near North Greenwich, New York, locali-

ties near •. 33,3380

Rocky Gap, Virginia, locaUty near 47h

Rocky Mountain province, Cambrian species in, listed 114-119

Roemer, F., bibliographic references 23

Rogers, W. B., bibliographic references 23

species named for 465

rogersi, see Obolus ( Westonia).

RogersviUe, Tennessee, localities near 9, 9a, 12q, 101, 101a, 101b,

102, 102c, 103, 103a, 103b, 104, 121, 121a, 122, 123, 124, 124a, 374b

RogersviUe shale (Middle Cambrian), in generaUzed section for

Teimessee, Georgia, and Alabama, listingspecies and locali-

ties 147

localitlesin 101, IDla, 101b, 102, 121, 331

Rohalla, Oeland Island, Sweden, locaUty near 390d

Rokitzen, Bohemia, locaUty near 303b

roliitzanensis, see Obolus.

Rome, Georgia, locahties near 13c, 14, 96, 96b, 138a

Rome formation (Middle Cambrian), in generalized section for

Tennessee, Georgia, and Alabama,listingspeciesand locali-

ties 147

localities in 10a,

lOb, 11,43, 13b, 13c, 14, 14a, 103, IDSa, 103b, 106, 107b, 138a

Rome, ("Montevallo") shale (Lower Cambrian), locahties in. 17b, 56c

Rominger, C, bibliographic reference 23

species named for 763

romingeri, see BiUingscUa.

Rosses Bridge, near Essex, New York, locality at 367h

Ross-shire, Scotland, locahties in 316c, 316d

Rosttaga, Sweden, locaUty near 309e

Rostock, Germany, locality near 386g:

Rotherwood, Tennessee, locality near 374d

rotunda, see LinguleUa.

rotundata, see Syntrophia.

rotundatus, see Obolus.

Round Top Mountain, Eureka district, Nevada, locality on 205

Rowe, B. B., speciesnamed for 558

rowei, see LinguleUa (Lingulepis).

Ruby HiU, Eureka district, Nevada, localities on 57, 57b

rudis, see Acrotreta.

rugatus, see Obolus (Acritis).

rugosa, see Acrotreta ophirensis and Schizopholis.

rugosicostata, see Billingsella exporrccta.

Russelokken , Norway, locaUty at 323x

Russia, Cambrian species of, listed 120-121

generaUzed section of Cambrian and Ordovician in, listing

species and localities 143-144

locaUtiesin 9d, 311d-f, 311q-t,

311w-y, 336, 336a-z, 33T, 337a-n, 395, 395a-z, 396, 396a-z

species and varieties of Obolus and subgenera recognized by
Mickwitz in, listed 380

See also separate governments.

Rust, WiUiam P., genus named for 327

Rustella, described 327

attachment of muscles in 309

classification of 321, 322

compared with Beeeher's ideal " Paterina" 328

Curlicia 370

evolution discussed 318

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 98

general stratigraphic distribution and number of Cam-

brian species and varieties of 110

number of species of, in different types of sediment . . 160

shell substance 297

stage, mentioned 305

surface ornamentation discussed 301

type species Rustella edsoni 327
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Jtustella edsoni, described 327

cardinal area discussed 303

compared mth Eustella ? major 328

confused with KutorgiTia d-ngulata 328

evolution discussed 318

general geographic and stratigraphic distribution tab-

ulated 98

most primitive brachiopod 316,318

muscle scars discussed 312

type species of Rustella 327

type specimen figured PI. I, fig. 1

f major, described 328

compared with Obolus by Matthew , 328

Rustella edsoni 328

generic reference questioned 327

general geographic and stratigraphic distribution tal>

ulated 98

type specimen figured textfig. 19,328

Rustellacea, classification of 321,322

distribution in Cambrian strata 316

genera and species referred to, described 327-369

Rustellida?, classification of 321, 322

distribution in Cambrian strata 316

genera and species referred to, described 327-32S

general stratigraphic distribution and number of Cambrian
genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

Rutland, Vermont, localities at and near 319w, 319x

Rutland County, Vermont, localities in 319w, 319x

Rutledge limestone, in generalized section for Tennessee, Georgia,

and Alabama 147

Sabero, Leon, Spain, locality near 350

sabrinx, see Acrotreta.

Sachuset Beach, near Newport, Rhode Island, locality on 343b

Safford, J. M., species named for 747

saffordi, see Wimanella.

Saggad, Esthonia, Russia, locality at 396m

sagitialis, see Acrotreta.

sagiitalis magna, see Acrotreta.

sagiitalis taconica, see Acrotreta.

sagittalis transversa, see Acrotreta.

Saim^M, China, locahty at 332

St. Albans, Vermont, localities near 16ii, 319f , 319s

"St. Albans formation" (Middle Cambrian), localities in 28a, 319s

St. Charles limestone (Upper Cambrian), in detailed section in

Blacksmith Fork, Utah, listing included and correlated

species and localities 148-149

localities in 4y,

5a, 5c, 31m, 31ll, S4b-g, 54j, 54t, 54u, 64w, S4z, 55h, 56g

St. Croix County, Wisconsin, localities in 79, 79', 79b, 79s, 328j

St. Croix FaUs, Wisconsin, locaUtiej at 82, 82s, 328e, 328h

St. Croix River, Miimesota, locahties on, 97b, 339b, 364a

St. Croix River, Wisconsin, localities on. . 78, 78b, 78s, 82, 82s, 328f, 364a

*'St. Croix sandstone," stratigraphic position of localities in

discussed 159

*'St. Croix sandstone" (Middle Cambrian), localities in 79x,

83<, 84, 84f, 84s, 97b, 328e, 328g, 339e

"St. Croix sandstone" (Upper Cambrian), locahties in.. lOv, 78, 78a-d,

78s, 79, 79', 79a, 79b, 79s, 80, 80a, 81, 81b, 81o, 82, 82a-c, 82s, 83, 83i,

833, 84a, 85, 85a, 85s, 85x, S85x, 85z, 86, 86a, 97, 97a, 97c, 97s, 97x,

S97x, 98, 98a, 98x99, 99a, 100, 100a, 113, 116, 134, 134a, 135, 135b, 135c,

328, 328a, 328c, 328d, 328i-l, 328ii, 328p, 328q, 339b, 339d, 339f-h

St. Davids, South Wales, locahties at and near 318d,

318g-j, 318n.^, 318w, 366b, 366e

St. Davids Head, South Wales, locality near 366

St. Francois County, Missouri, locahties in llk-m,

369, 369a, 366c, 369g

St. Fro, Oeland Island, Sweden, locahty at 320s

St. John, Orestes, bibliographic reference 23

St. Jolin, New Brunswick , localities at and near 2e, 2s, 2t, 3b, 301e,

301g, 301k, 301n, 301t, 301u, 301w-z, 308, 308a-c, 308f, 308h, 3081

St. John County, New Brimswick, localities in 2e-i, 2k-m,

2s-u, 2x, 3a, 3b, 301, 301a-e, 301g-n, 301s-y, 308, 308a-c, 308e-i

St. John formation (Middle Cambrian), locahties in 301c, 301j, 301k

St. John River, New Brunswick, locahty on 2y, 300, 301f, 308d

St. La^vrence County, New York, locality in 338w

St. Lawrence formation (Upper Cambrian), localities in.. 328b, 339a, 364

localities in, mentioned 159

St. Lawrence River, Quebec, locahties on 2n,

56a, 319h, 319 1, 319n-p, 319t

St. Martins, New Brunswick, localities in 3011, 301m
St. Petersburg, Russia, localities near 336,

336e, 336k, 336u, 336w, 336x, 336y, 337k, 337m, 395w, 395y, 396 1

St. Petersburg (Government), Russia, locahties in .'. 336,

336a, 336e, 336g, 336k, 336 1, 336n, 336o, 336q, 336r, 336u,

336w-y , 337j , 337k, 337m, 395w, 395y, 395z, 396k, 396 1, 396z

St. Piran sandstone (Lower Cambrian), detailed section listing

species and localities 130

locality in 60b
St. Simon, Province of Quebec, Canada, locality at 319b

St. Timothy, Quebec, locality at 319t

Sta. Benigna, Bohemia, locality at 303e

Salem, New York, locahties near 21, 37, 37b, 43a, 45a
salemensis, see Billingsella.

SaUne Valley road, Inyo County, Cahfornia, localities near.. 53, 312, 312a

Salla, Esthonia, Russia, locality at 337d

Sailings Mountain, Virginia, locality on 47a
Salmon River, Cape Breton, locality on 3ii

Salta, Argentina, locahty at 389

Salta (Province), Argentina, locahties in 389, 389a, 389d
saUcnsis, see Eoorthis.

Salter, J. W., bibliographic references 23

species named for 425

Salter, J. W., and Etheridge, R., bibliographic reference 23

Salter, J. W., and Hicks, H., bibliographic reference 23

salteri, see Obolus (Broggeria).

Salt Lake City, Utah, localities near 30a, 331, 55u

Salt Lake County, Utah, localities in 30a, 33i, 65u

Salt Range, India, locahties in 15r, 357, 357a-d

Saltvik, Aland Island, Finland, locahty at 311x

Sandberg, J. H., species named for 770

sandbergi, see Otusia.

Sandby, Sweden, localities at 3091, 390g

Sandomierz, Poland , locahties near 368, 3e8a

Sand Pass, Fish Spring Range, Utah, locahty near 341

Sandstone, number of genera and species identified from ICO

Sandstone and limestone, number of genera and species common
to both 160

Sandstone and shale, number of genera and species common to

both 160

Sandstone, limestone, and shale, number of genera and species

common to all three 160

Sandsvar, Norway, localities in 3231, 323r, 323s, 324b, 324c

Sandy Point, Trinity Bay, Newfoundland, locahty near 6y

San Saba Coimty, Texas, localities in 14g, 141, 353

San Saba Ri*er, Texas, locality on 353

Saratoga County, New York, locahties in 76, 76a

Saratoga Springs, New York, localities near 76, 76a

Sardeson, F., bibliographic reference 23

Sardinia, Cambrian species of, listed 120-121

localities in 354, 354a-f

of Obolus from, listed 379

Sauk County, Wisconsin, localities in lOv,

80a, 81, 81b, 81o, 85, 85a, 85s, 116, 328, 328q

Sawmill Creek, Meagher County, Montana, localities near 5f, 6k

Sbirov, near Skrej, Bohemia, locality on brook of 345

Scapegoat Moimtain, Powell County, Montana, localities near 3j, 5j

Scenidium ,
compared with Frotorthis 739

ScheUbourne, Nevada, localities near 7i, 313a, 313b, 313d, 313f

Schell Creek Range, Nevada, localities in 7i,

8e, 8o, 8p, 313a, 313b, 313d, 313f

Scheilenberg, near Hof, Bavaria, locality at 303f

Sckizambon, described 622

classification of 321,324

compared with Bearbornia 614

Trematobolus 313, 616

Trematobolus kempanum 619

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

mentioned 620

number of Ordovician species and varieties of 113

number of species of, in different tj'pes of sediment. . . 160

surface ornamentation discussed 302
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Sc/ii2a7«6on—Continued.

type species ScMzambon typicalis 622

vascular markings discussed 311

canadensis, discussed 622

? dodgei, discussed 622

duplicimuratus, discussed 622

? estkonia, described 622

general geographic and stratigraphic distribution tabu-

lated 104

type specimen figured PI. LXXXIV, fig. 4

fissa, compared with ScMzambon ? estkonia 622

lockei, discussed 622

manitouensis, described 623

general geographic and stratigraphic distribution tab-

ulated 104

type specimen figured PI. LXXXIV, fig. 3

priscus, described 623

general geographic and stratigraphic distribution tab-

ulated 104

type specimen not figured.

typicalis, described 624

compared with ScMzambon ? estkonia 622

ScMzambon manitouensis 623

ScMzambon priscus 623

Sipkonotreta f dubia 620

Trematobolus kempanum 620

general geographic and stratigraphic distribution tab-

ulated 104

type of ScMzambon 622

type specimen figured PI. LXXXIV, fig. la

SchizQcrania, compared with Discinolepis 664

compared with Mickwitzia 331

Schizopholis, described 608

cardinal area discussed 305

classification of. 321,324

compared with Acrotreta 314

evolution discussed 319

evolution of , 317

general geographic and stratigraphic distribution of the

species referred to 104

general stratigraphic distribution and number of

Cambrian species and varieties of 110

intermediate between Botsfordia and Acrotreta 602

number of species of, in different types of sediment 160

type species Schizopholis rugosa 609

rugosa, described 609

compared with Botsfordia 602

general geographic and stratigraphic distribution tab-

ulated 104

type of Schizopholis 609

type specimen figured PI. LXXXI, figs. 1, la-b

Sckizophoria , classification of by Ulrich 308

muscle scars of, discussed by Ulrich 308

Schizotreta, compared with Keyserlingia 628

elliptica, compared ^vith Keyserlingia 628

Schleswig-Holstein, Germany, locaUty in 386e

Schmalensee, G., acknowledgments - 12

mentioned 331

species named for 411, 709

schmalenseei, see Acrotreta and Obolus.

Schmidt, Fr. , acknowledgments 11

bibliographic references 23

mentioned 3C7

species named for 412

subgenus named for 442

schmidti, see Obolus.

Schmidtia, compared with Leptembolon 378

(Schmidtia), see Obolus (Sckmidlia).

Sckmidtia conglomerate <Upper Cambrian), in generalized sec-

tion for Russia, hsting species and localities 143

localities in 395s-u

"Schmidtia celata," type of Obolus (Sckmidtia) 378, 442

Schodack, New York, loeaUties at 29a, 338

Schuchert, Charles, acknowledgments 13

bibUographic references 23

comparison of Lingulella and Lingulella (Lingulepis) by 544

genus named for 585

note on Cambrian spondylia and development of true

orthids ' 308

species named for 531

terminology of 292

Schuchert, Charles [Winchell, N. H., and], bibliographic reference. 26

sckuckerti, see Lingulella,

Sckuchertina, described 585

cardinal area discussed 304

classification of 321, 323

compared with Elkania '. 58

evolution and classification discussed 585

evolution discussed 319

evolution of 317

general geographic and stratigrapliic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-

brian species and varieties of 110

number of species of, in different types of sediment. . . 160

shell structure 297

stratigraphic position mentioned 318

Cambria, described 585

general geographic and stratigraphic distribution tab-

ulated 104

surface ornamentation discussed 303

type specimen fig^ired -. PI. LI, fig. 6b

Schuchertinidfe, classification of. 321,323

distribution in Cambrian strata 316

genera and species referred to, described 585

general stratigraphic distribution and number of Cambrian
genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 133

Schuylerville quadrangle, New York, localities in 35,

35a, 43, 338h, 338i, 338o, 338z

Scipio, Utah, locality near 33

1

scotica, see Micromitra.

Scotland, Cambrian species of, listed 120-121

generalized section of Cambrian and Ordovician in, listing

species and locaUties 135-136

localities in 316, 316a-d

only Lingulella from 541

f-culptill'i, see Micromitra.

snulptilis endlichi, see Micromitra.

Seal Point Cove, Trinity Bay, Newfoundland, locality at '. 6w
Secondary "vascular canals, shown in figure 374

Secret Canyon, Eureka district, Nevada, locaUties in 551), 58

Secret Canyon road. Eureka district, Nevada, locality on 204

Secret Canyon shale (Middle Cambrian), detailed section, listing

included and correlated species and localities 139

localities in 58, 60

Sections of brachiopod shells, preparation of 297

Sedgwick, A., bibliographic reference 23

Seebach, K. von, bibliographic reference 24

species named for 710

sepbachi, see Acrotreta.

Segerberg, C. 0. [Moberg, J. C, and], bibliographic reference 21

Selwyn, A. R. C, species named for 414

', see Obolus.

, discussed 310

shown in figure 374

f, see Obolus.

Septal plates, defined 295

sequens, see Lingulella {Lingulepis) acumJnata.

sera, see Acroihyra.

Serpulite grit, in generaUzed section for England, Scotland, and
Wales, listing species and localities 136

Sessile spondyhum, defined 295

Setse, figured 362, 374

Setal band, shown in figure 374

Shadow Canyon, Eureka district, Nevada, locality near 202

Shale, number of genera and species identified from 160

Shale and limestone, number of genera and speciescommon to both. 160

Shale and sandstone, number of genera and speciescommon to both 160

Shale, limestone, and sandstone, number of genera and species

common to all three 160

Shaler, N. S., and Foerste, A. F., bibliographic reference 24
Shansi, China, localities in C37, C71, C72, C74, C75
shansiensis, see Obolus.

Shantimg, China, localities in Cl-7,

C9, CIO, C12, C17, C20, C22, C23, C26, C28,

C36, C45, 054, 056, 057, 061-64, 067, C68
shantungensis, see Acrotreta.

Sheep Creek, Wyoming, see Jackson Creek.

Shelby County, Alabama, localities in 17b, 56c, 141a, 142, 164f

shelbyensis, see Wimanella.

62667''—VOL 51, pt 1—12- -55
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Shell structure 296-300

Slie llsubstance, generic importance of, in classification 297

Shens i ,Clilua, localities in C32, C32'

Sherbrooke limestcne (Upper Cambrian), detailed section, listing

included species and localities 125

extension of upper boundary described 125

localities in 57d, 58f

Sheridan, Wyoming, localities near 14k, 168, 171, 171a

Sheridan County, Wyoming, localities in 14k, 168, 171, 171a, 302m

Shimer, H. W. [Grabau, A. W., and], bibliographic reference 17

SMneton, England, locality at * 3041

Shineton Brook, England, localities on 3041, 304p

Shineton shales (Upper Cambrian), in generalized section for

England, Scotland, and Wales, listing species and localities . 135

localities in .'

3041i, 3041, 304k, 304 1, 304p

Shipley, Ferry, Sullivan County, Tennessee, locality near 22

Shipleys, Sullivan County, Tennessee, locality near 374c

Shocks Gap, in Bays Mountains, Tennessee, localities in. . 10a, 10b, 106

Shocks Ridge, in Bays Mountains, Tennessee, locality near 106a

Shropshire, see South Shropshire.

Shumard, B. F., bibliogiaphlc references 24

Shumardia zone (Upper Cambrian), in generalized section for

Sweden, Denmark, Finland, and Norway, listing species

and localities 145

locality in 390b

Shushan, New York, localities near 36, 338d

Sias River, see Sjass River.

Siberia, Cambrian species of, listed 121-122

locality in 347

Obolella cf. chromatka from, discussed 592

Siemiradzki, J. von, bibliographic reference 24

species named for 532

sicmiradzkii, see LinguleUa.

Sierra Canyon, Eureka district, Nevada, localities in 62a, 65

Sierra County, New Mexico, localities in 327, 387a-c

Sierra Springs, Eureka district, Nevada, locality at 56

Signal Mountain, Comanche County, Oklahoma, locality near 12]

signalis, see Acrotreta.

signata, see Acrothyra and LinguleUa,

sigimta orta, see Acrothyra.

signata prima, see Acrothyra.

Sillery, Upper (Ordovician), locality in 220a

Slllery conglomerate bowlder (Lower Cambrian), locality in 56a

siluricus, see Oholus (Mickwitzella).

Silver Canyon, Inyo County, California, locality in 7

Silver Peak group (Lower Cambrian), localities in.. 11, Im, Ip, Iv, 141?

Silver Peak quadrangle, Nevada, localities in 11,

Im, Ip, Iv, 7r, 7s, 7v, 7x, 7y, 7z, Ba, 8b', 8r, 174c, 175, 184

similis, see LinguleUa.

Simonds, near St. John, New Brunswick, locality in 301x

simpler, see LinguleUa and Wimanella.

Simpson formation, locality correlated with 105x

Simpson Range, Utah, localities in 32h, 32z

Simpson Spring, Utah, localities near lis, 32h, 32z

Simrishamn, Sweden, localities near 321u, 321v

localities northwest of 8w,
• 3101, 320c, 320f, 3201, 320o, 320x, 321y, 390o

sinoe, see Obolus.

Sintai district, China, localities in Cl-7,

C9, CIO, C12, C57, C61, C62, C63, 064
Sintaihien, China, locality near C57

Sinus, shown in figure ; 374

Siphonotreta, described 624

classification of : 321, 324

compared with Dearbornia 614

Trematobolus ; 313, 616

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

number of Ordovician species and varieties of 113

number of species of, in different types of sediment . - . 160

reference to, of Siphonotreta f dubia discussed 626

surface ornamentation discussed 302

type species " Crania unguiculata" 625

? dubia, described 625

general geographic and stratigraphic distribution tabu-

lated 104

type specimen figured PI. LXXXI, fig. 7

Siphonotreta fissa, discussed 622

"ladogensis," discussed 308, 369

type of Helmersenia 367

unguicvZata, described 626

compared with Keyserlirigia 628

Siphonotreta ? dubia 626

Siphonotreta verrucosa 627

described and discussed 625

general geographic and stratigraphic distribution tab-

ulated 104

type specimen not figured.

verrucosa, described 627

compared with Helmersenia ladogensis 367

Siphonotreta unguiculata 627

general geographic and stratigraphic distribution tab-

ulated 104

type specimen not figured.

Siphonotretacea, classification of 321, 324

distribution in Cambrian strata 316

genera and species referred to, described 686-630

Siphonotretida3, classification of 321, 324

distribution in Cambrian strata 316

evolution discussed 3l6

genera and species referred to, described 611-630

general stratigraphic distribution and number of Cambrian
genera and species of 112

number of Cambrian genera and species of 112

number of genera and species in monograph 113

number of 'Ordovician genera and species in monograph 113

Sjass (Sias) River, St. Petersburg, Russia, locality on 336

1

Skiilsternarne Island, near Gefle, Sweden, locality on 311o

Skane, Sweden, locality in 310h

See also Malmohus and Christianstad.

Skara, Sweden, localities near... 309c, 309d, 320, 320a, 320b, 320n, 320y

Skaraborg, Sweden, localities in . 309c, 309d, 310q, 320, 320a, 320b, 320e,

320h, 320m, 320n, 320r, 320y, 321q, 321r, 390(, 390j, 390k, 390ll, 390p

Skirosen, Sweden, locality at 8y

Skarpn^to, Aland Island, Finland, locality at 311s

Skiensdalen, Norway, locality in 324a

Skrej , Bohemia, locaUties at and near 345, 345d-f, 345j , 345k

Skrena, Norway, locality at 324a

Slap, Bohemia, locality at 345h

Slapnicky mlyn, near Skrej, Bohemia, locaUty at 345k

Slapy.near Skrej, Bohemia, locality at forester house of 345d

Slemmern, Aland Island, Finland, localities at 311f, 311q, 311y

Slemmestad, Norway, localities at 8x, 323p

Slough Creek, Yellowstone National Park, Montana, locality near. 302f

Small Hill, Comanche County, Oklahoma, locality at 12]

Smith, E. A., species named for 417

Smith, G. C, bibliogi'aphic reference 24

smithi, see Obolus.

Smith Point, Trinity Bay, Newfoundland, localities on 5 1, 6n, 60

Smithsburg, Maryland, locality near 47d

Smith Sound, Trinity Bay, Newfoimdland, localities on 61,

6n, 60, 5s, 6y, 314b, 3141

Snake Range, Nevada, localities in 8n, lOw

sociali^, see Acrotreta.

Soderarm lighthouse, near Norrtelje, Sweden, locality at 311u

Sodra Mockleby, Oeland Island, Sweden, locality at 320p

Solva, in generalized section for England, Scotland, and Wales. . . 136

Solva, South Wales, localities at and near 318o, 318q, 318r

South America, locaUties in 389, 389a-d

See also Argentina.

South Argyle, New York, locaUty near 3381

South Australia, Cambrian species of , listed 122

locaUties in 315, 315a-d

South Bessemer, Alabama, locaUty at 56o

South Dakota, Cambrian species of, Usted 114-119

locaUties in 17j , 17k, 88a, 164, 165, 167, 355, 355a-f

note on stratigraphic position of localities in 144

South GranviUe, New York, locaUties near 38, 367a

South Shropshire, England, locaUties in 304h, 3041, 304k-l, 304p

Spain, Cambrian species of, Usted 120-121

locaUties in 350, 350a, 350b

.Sparagmite sandstone (Lower Cambrian), in generalized section

for Sweden, Denmark, Finland, andNorway,listingspecies

and localities 146

locality in 8y

spatula, see LinguleUa (Lingulepis).
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Species, habitat of, discussed 159

zoological list of, giving page and plate references, and gen-

eral geographic and stratigraphic distribution 98-109

zoological list of Asiatic Cambrian, giving geographic distri-

bution, by countries 121-122

European Cambrian, giving geographic distribution

by countries 120-121

European Ordovician 123

North American Cambrian, giving geographic distri-

bution by States and geologic provinces 114-119

North American Ordovician 122-123

South American and Australian Cambrian 122

Spence, B. S., species named for 737

spencei, see Nisusia (Jamesella).

Spence shale (Middle Cambrian), apparent equivalent of, in de-

tailed section in House Range, Utah, listing included and

correlated species and localities 158

in detailed section in Blacksmith Fork, Utah, listing in-

cluded and correlated species and localities 152

Spence shale member of the Ute formation (Middle Cambrian),

locaUtiesin 31d, 32p, 541, 55c, 55e, 163

Spines, presence in Brachiopoda discussed 302

spinosa, see Acrotreta.

Spirifer, mentioned 785

spissus, see Obolus {LingulohoJua).

Splanchnocoele, defined 295

shown in figure 374

Spondylium, defined 295

discussed 307-308

Schuchert on 308

Ulrich's notes on 308

Sponge Moimtain, Llano County, Texas, locality near 14b

Spring Creek, near Center, Alabama, locaUty on 95a

Springer, Oklahoma, detailed section of Arbuckle limestone near,

listing included and correlated species and localities . . . 141-142

localities near 12k, 12m, 12n

Spring Hill Canyon, Bridger Range, Montana, locaUty in 147a

Spring Mountain Range, Nevada, locality in 7n

spurri,see Acrotltele.

squamosa, see LinguUUa (Liti^ulcpis).

Sta. Benigna, Bohemia, locality at 303e

Stansbury Range, Utali, localities in 32f, 32g, 32j, 32k, 32o, 34u, 34v

Staroja Ladoga, Novgorod, Russia, locality at 336j

Starr, R. P., species named for 559

starri, see Lmgulella (LiTiguhpis). ,

Steel Ford, Cowan Creek, Alabama, locality near 94

Stenotheca, reference to, of "Discina c^rfaicnsis" discussed 723

Stephen, British Columbia, locaUties near 35c,

36g, 35h, 57c, 57g, 57k, 57s, 57y, 58z

See also Mount Stephen.

Stephen formation (Middle Cambrian), detailed section listing

included and correlated species and fossils 127-128

localities in 14s,

35k, 57c, 57f, 57g, 57j, 57k, 57y, 58i, 58j, 581, 58r, 58w, 58z

Stillwater, Minnesota, locahties at and near ; 339, 339b

Stissing, New York, locality near '

i 3e7d

stissingensis, see MicTomitra (Paterina).

stissingensis ora, see Micromitra {Pateriiw,).

Stissing Mountain, New York, locaUty on 32

Stockholm (Province), Sweden, locaUtiesin 311a,

Slip, 311u, 311v, 321, 321a-d, 321o

Stocldngford shjles (Upper Cambrian), locaUty in 304j

Stockport paper miU, Columbia County, New York, locaUties

near 29, 338b

Stone, R. E., species named for : 466

stoneanus, see Obolus ( Westonia).

Stoner, Peimsylvania, locaUty near 50

Stora Ror, Oeland Island, Sweden, locaUties near 310e, 310g, 390a

Straits of Belleisle, Labrador, locaUties at 392a, 392c, 3921

Stratigrapluc and geographic distribution tabulated 98-109

Stratigraphic sections with correlated faunal lists 123-159

Streitberg, Esthonia, Russia, locality at 396r

striata, see BiUingseWi.

Stricklandinia, compared with Syntrophia 798

? arachne, generic reference discussed 798

? areihusa, generic reference discussed 798

Stropliomena, compared with Eostrophomena 796

reference to, of Eoorthis atava, discussed 774

Eoorthis johannensis, discussed 781

Protorthis hunnebergensis, discussed 741

StropUomeTia—Continued,

aurora, compared with Eostrophomena elegantula 796

rJiomboidalis, compared with Eoorthis Johannensis 781

" Strophomena or Slrophodonta," compared with Eoorthis johan-

nenm 781

"Strophomena(Eostrophomena)elegantula, " type of Eostrophomena. 796

Strophomenacea, classification of 321 , 326

distribution in Cambrian strata 316

genera and species referred to, described 795-796

StrophomenidEE, cardinal process, discussed 306

classification of 321, 326

cruralium, mentioned 309

distribution in Cambrian strata 316

genera and species referred to, described 795-796

general stratigraphic distribution and number of Cambrian
genera and species of 112

no interiors seen 312

number of Cambrian genera and species of 112

number of genera and species in monograph 113

Structure of the sheU 296-300

stuarti, see Micromitra {Paterina).

subconica, see Acrotreta.

subquadrata, see Nisusia (Jamesella) perpasta.

subsidua, see Acrothele.

subsidua hera, see Acrothele.

subsidua Ixvis, see Acrothele.

Sularp, near Lund, Sweden, locaUties at 321s, 321t

sulcata, see Acrotreta idahoensis and Eoorthis remnicha.

sulcatus, see Discinopsis.

SulUvan County, Teimessee, locaUties in 2z, 2z', 374c, 374e

Summary tables 110-113

Sun River (North Fork), Powell Coimty, Montana, locaUties near. 3j, 5J

superba, see Micromitra (Paterina).

Surface ornamentation, discussed 300-303

importance of, in classification 301

Sussex County, New Jersey, locaUty in lie

Swallow.ranch, White Pine County, Nevada, locaUty near 8n
Swansea (Viola) , Alabama, locality near 144e

Swanston, W., bibUographic references 24

Swanton, Vermont, locaUties near 25a, 28, 319e, 319r, 319z

swantonensis, see Micromitra (Paterina) labradorica.

Swantonia, described 796

cardinal area discussed 305

classification of 321, 326

compared with Camarella , 797

evolution discussed 320

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 109

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

number of species of, in different types of sediment. . . 160

stratigraphic position mentioned 318

surface ornamentation discussed 303

type species " Camerella antiqua" 797

antiqimta, described 797

compared with Huenella vermontana 809

general geographic and stratigraphic distribution tab-

ulated 109

type specimen not figured.

wceksi, described 797

compared with Swantonia antiquata 797
general geographic and stratigraphic distribution tab-

ulated 109

type specimen figured Pl. CIV, fig: 6

Swarow, Bohemia, locaUty at 303d
Swasey formation (Middle Cambrian), in detailed section in House

Range, Utah, listing included and correlated species and
localities 157

locaUties in ; .- llw, 30d
Swasey Spring, House Range, Utah, locaUties near 15b, 15c

Swasey Spring road. House Range, Utah, locality on llo

, Cambrian species of, listed '.
. . . 120-121

generalized section of Cambrian and Ordovician in, listing

included and correlated species and localities 144-146

locaUtiesin 8w, 8y, 8z, 9e, 309, 309a-f, 309h-j,

309 1, 309m, 310, 310a-z, 311, 311a-c, 311g-p, 311u, 311v,

320, 320a-z, 321, 321a-v, 321x-z, 323j, 323k, 390, 390a-p
species of Obolus from, listed 379

stratigraphic position of bowlders in Baltic region discussed. 454

See also separate provinces.
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Synonymy, alphabetic index to ,-
27-9S

Syntrophia, described ^^^

compared with Clarkella 809

Dicellomus ^^^

Huenella 805

cruralium discussed 307, 309

evolution discussed 320

evolution of 317

general geographic and stratlgraphlc distribution ot

the species referred to If'Q

general stratlgraphlc distribution and number of Cam-

brian species and varieties of Ill-

number ot Ordovician species and varieties of 113

munber of species of, In different types of sediment. .

.

160

reference to, of Huenella abnoTmis discussed S06

type species " Trlplcsia lateralis^

^

798

shell structure compared with that of Huenella 300

spondylium discussed 307

typical Cambrian species Syntrophia rotundata 798

Ulrich on spondyhum 308

alata, described 799

general geographic and stratigraphic distribution tab-

ulated 109.

type specimen figured PI. CIII, fig. 3a

barabuensis, described 799

compared with Protorthis heUna 740

Syntrophia primordialis 804

Syntrophia unxia 805

general geographic and stratlgraphlc distribution tab-

ulated 109

tj-pe specimen not figured.

cakifcra, described 800

compared with Clarkella montanensis 810

Stricllandinia 798

Syntrophia Cambria 801

Syntrophia nundina 802

Syntrophia jnimordialis 804

general geographic and stratigraphic distribution tab-

ulated 109

surface ornamentation discussed 303

type specimen figured PI. CIV, fig. Ic

Cambria, described 800

general geographic and stratigraphic distribution tab-

ulated 109

type specimen figured text fig. 72B, .800

campbelli, described 801

general geographic and stratigraphic distribution tab-

ulated 109

type specimen figured text fig. 73A, 801

lateralis, described 802

compared with Syntrophia rotundata 804

described in text following generic reference 798

general geographic and stratigraphic distribution tab-

ulated 109

shell section figured text fig. 11, 299

shell structru'e compared with that of Huenella ab-

normis 300

type specimen not figured.

nundina, described 802

compared with Syntrophia calcifera 800

Syntrophia Cambria 801

general geographic and stratigraphic distribution

tabulated 109

type specimen figured PI. CII, fig. 4

orthia, described 803

general geographic and stratigraphic distribution

tabulated 109

type specimen figured PI. CIV, flg. 4

primordialis, described 803

compared with Huenella billingsi 806

Syntrophia barabuensis 799

Syntrophia calcifera 800

Syntrophia orthia 803

Syntrophia primordialis argia 804

Syntrophia unxia 805

general geographic and stratigraphic distribution

tabulated 109

type specimen figured PI. CII, figs. 2d and 2e

Syntrophia primordialis argia, described - 804

general geographic and stratigraphic distribution

tabtilated 109

type specimen figured PI. CII, fig. 3

rotundata, described 804

compared with Clarkella montanensis 810

Syntrophia campbelli 802

cruralium discussed 309

general geographic and stratigraphic distribution

tabulated 109

has a descendant in Clarkella montanensis 810

spondylium or cruralium discussed 307

type specimen figured PI. CIII, fig. 4o

typical Cambrian species of SyrUropliia 798

"texana," type of Huenella 805

? unxia, described 804

general geographic and stratigraphic distribution

tabulated 109

type specimen figured text fig. 74, 805

Syntrophiidffi, classification of 321, 326

distribution in Cambrian strata 316

genera and species referred to, described 796-810

general stratigraphic distribution and number ot Cambrian
genera and species of 112

number of Cambrian genera and species ot 112 -

munber ot genera and species in monograph 113

number of Ordovician genera and species in monograph 113

septa discussed 310

Ulrich on spondylium 308

Systemic reference of formations discussed 98

taconica, see Acrotreta sagittalis.

Tatern Ilelig, North Wales, locality at 318k

Tal-hirion, Wales, locality near 305e

TaUng, China, locality at 332a

Taquamenon Bay, Michigan, locality on 330

tarpa, see Lingulella.

Tate, R., bibliographic reference 24

species named for 789

tatei, see Eoorthis.

Tatur Hill, Burnet County, Texas, localities on 67, 67c, 67z

Taylors Falls, Minnesota, locaUties near 82b, 339d, 339]

Tazewell road, near KJnoxville, Tennessee, locality on 118

Teeth, defined 295

Tejfo^-ik, Bohemia, localities near 345a, 3461

Telotremala, defined 295

Temiscouata Cormty, Quebec, localities in 2ii, 3191

Tennessee, Cambrian species of, listed 114-119

generalized section of Cambrian in, listing Included and
correlated species and localities 147

localities in 2z,

7d, 9, 9a, 10a, 10b, 11, Ha, 12, 12q, 13, 13b, 14a, 18, 101,

101a, 101b, 102, 102c, 103, 103a, 103b, 104, 105, 106, 106a,

107, 107a, 107b, 107o, 107u, 117, 117c, 118, 119, 121, 121a,

122, 122a, 123, 124, 124a, 128, 128a, 374, 374a-e

tcnnessecnsis, see LinnarssoneUa.

Tepee Creek, Bighorn Mountains, Wyoming, locality on 168

Terminology adopted 291

Terminology of different authors tabulated 292

Terrapin Creek road, near Center, Alabama, locality on 93a

tetoncnsis, see Acrotreta microscopica and Obolus.

.etoncnsis leda, see Obolus.

lelonensis ninus, see Obolus.

Teton Mountains, Wyoming, localities in 4e, 4m, 4n, 4o

texana, see Eoorthis remnicha, Huenella, and LingulellaT

texana la'tiusculus, see Huenella.

Texas, Cambrian species of, listed 114-119

localities in 14b, 14c, 14e, 14g, 14i, 14q, 14r,

67, 67c, 67z, 68, 68e, 68y, 68z, 69, 70, 70a, 70e, 71, 353, 353a-c

note on stratigraphic position of localities in 143

Thcca, association mentioned 767

themis, see Obolus ( Westonia).

Theresa, New York, locahty near 185a

Thermopolis, Wyoming, locality near 302p

Thomas MUls, Floyd Coimty, Georgia, locality near 140a

Thomas ranch, Juab County, Utah, locaUtles near 15d, 33d, 34g

Thomas Range, see Dugway Range.

Threetorks quadrangle, Montana, localities in 4g,

4h, 4k, 4p, 149a, 150a, 152a, 152b, 153, 153a, 154, 155,

155a, 156b, 157, 158, 158a, 160, 160a, 302k, 3D2t, 340b
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tliyone, see EoortJiis.

'' Thysanotos," compared with "Acritis," " Euoboliis/' and
" Schmidtia, by Miclavitz 434

mentioned 437

TiC'onderoga, New York, locality near 367c

Tihala, Esthonia, Russia, localities at 395a, 395h, 395n

Tilcuya, Argentina, locality at 38913

Timpahute Range, Nevada, locality in 313g

Tinghianghien, China, locaUty near C37

Tintic special quadrangle, Utah, localities in 34n, 34s

Tischer, Esthonia, Russia, locaUty at 396h

Toien, near Christiania, Norway, localities at 323 1', 323y, 323z

Toll, E. von, bibliographic reference 24

Toll Gate Canyon, White Mountain Range, California, locality in.. 8b

Tombstone Gulch, near Bisbee, Arizona, locality in 14x

Tomten, Norway , locahty at 324

Tonto group (Middle Cambrian), localities in 73, 73b, 74, 74b

Tonto group (Upper Cambrian), locaUty in 75

"Tonto" sandstone (Middle Cambrian), localities in 17c, 73a, 74c

mentioned 422, 516, 524, 558

"Tonto" shale (Middle Cambrian), locaUty in 74d

Tooele County, Utah, localities in 3c-e,

lis, 15p, 15x, 32f-h, 32j, 32k, 32t, 32z, 33f, 34u, 34v, 329e

Topsail Head, Conception Bay, Newfoundland, locaUties at 1,

2a. 41a, 314e

Torellella laevigata, stratigraphic position of bowlder containing,

discussed 454, 684

ioTrentis, see Lingulella and Obolus.

Torryburn, near St. John, New Brunswick, locaUties near 2s, 2t

Tosterup, Sweden, locaUties at 310v, 323j, 323k,

Towner's ranch, Lincoln County, Nevada, locaUty near 14m
Town Knobs, Hawkins County, Tennessee, locaUties in 103,

103a, 103b, 122

Tradje, Sweden, locaUty at 321ii

Transmedian (rotator) muscles, defined 295

shown in figure 374

Tansversa, see Acrotreta sagittalis, Linnarssonella, and Nisusiafcs-

tinata.

Transverse axis, defined 295

Trapezoidal area, defined 296

Tremadoc, Wales, localities at and near 305c, 305d, 318t, 3661

Tremadoc (Upper Cambrian), in generalized section for England,

Scotland, and Wales, listing species and localities 135

Tremadoc, Lower (Upper Cambrian), locaUties in 305, 305c, 305f-j

Tremadoc, Upper (Upper Cambrian), locaUties in. 305a, 305e, 366p, 366q

Tremadoc shale (Upper Cambrian), locality in 318w
Tremalis, compared with Discinolepis 664

^'pannulus," type species of Micromiira (IpMdella) 359

Trp/matoholus, described 615

articulating processes discussed 307

cardinal area discussed 305

classification of 321 , 324

compared with Acrolhele 631

Dearbornia 313. P14

Obolella 587, 588

Obolus 313

SchizUmbon '. 313

SiphonotTcta 313

yorkia ? washingtonensis 613

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-
brian species and varieties of Ill

number of species of, in different types of sediment . . 160

reference to, of Trematobolus exceUis discussed 615

shell substance 297

surface ornamentation discussed 302

type species Trematobolus insignis. 61

6

vascular markings discussed 311

excelsis, described 61

7

cardinal area discussed 305

compared with Dearbornia clarki 615

Trematobolus kempanum 615

general geographic and stratigraphic distribution tab-

ulated 104

oldest known brachiopod 316,616

typQ specimen figured PI. LXXXII, fig. 8

Trematobolus insignifi, described 617

described and discussed G16

compared with Trematobolus exceMs 617

Trematobolus kempanum 616, 620

Trematobolus pristinus 616, 621

Yorkia 611

general geographic and stratigraphic distribution tab-

ulated 104

type of Trematobolus 616

tJTie specimen figured PI. LXXXIV, fig. 5

kempanum, described 619

compared with Trematobolus excelsis 615,617

Trematobolus insignis 616, 618, 619

Trematobolus pristinus 621, 622

general geographic and stratigraphic distribution tab-

ulated 104

type specimen not figured.

pristinus, described ". 621

compared with Trematobolus insignis 616,618,619

general geographic and stratigraphic distribution

tabulated 104

type specimen figured '.

. PI. LXXXIII, fig. 2f

Trempealeau, Wisconsin, localities at and near 83,

83', 833, 834, 135, 135b, 135c, 328g

Trempealeau Ck)unty, Wisconsin, locaUties in 79x,

83, 83', 833, 83S 100a, 135, 135b, 135c, 328g

triangularis, see Obolus.

Trimerella, classification 310

compared with " Lakkmina linguloides

"

566

Neobolus warthi 566

development mentioned 561

Hall and Clarke on development of 309

mentioned 297

platform mentioned 309

" lindstromi,' ' compared with Neobolus warthi 565

Trimerellidae, development of 310

Trinity Bay, Newfoundland, locaUties on 51,

5n, 5o, 6g, 6h, 6w, 6y, 314, 314b, 3141

triparilis, see Lingulella.

" Triplesia lateralis," described 798

type of Syntrophia 798
" Triplesia primordialis," mentioned 798

Trois Pistoles, Quebec, age and relations of conglomerate at 350,351

locaUties at 2n, 3191

Trout Brook, Cape Breton, locality near 325a

Trout Creek, near Manitou, Colorado, localities on 360a, 360g

Troy, New York, fauna at, discussed 472-473

locaUties at and near 2b, 2d, 27, 27a, 44a, 338q, 367, 367b, 3671

Troy quadrangle, New York, locaUties in 2b,

2d, 27, 27a, 44a, 338q, 367, 3671

Trubin, Bohemia, locality at 303a

Truthville, New York, locality near 38a
Trwyn-y-Iago, North Wales, locaUty at 3051

Tschurskaja Station, Siberia, locality near 347

Tsinan, China, localities near C54, 056, C67
TuUberg, S. A., species named for 790

tullbergi, see Eoorthis.

tumida, see Lingulella.

Tungyu, Chin^, locaUty near C71
Turkeyto^vn, Alabama, locality near 145

Turner, H. W., bibliographic reference 24

species named for 660

turneri, see Acrolhele.

Tursel, Esthonia, Russia, locality at 337f

Twobit, Black Hills, South Dakota, locaUty near 17k
Twomile Canyon, near Malade, Idaho, localities in 4y,

5a-c, 5h, 54s, 54t-x, 55d
Tyler Springs, House Range, Utah, locality near 8k
typicalis, see ScJiizambon.

Uinta County, Wyoming, localities in 4e, 4m-o, 302d, 3027

Uinta Mountain uplift, sediments derived from 148

Ulrich, E. 0., acknowledgments 13

on spondylia of Cambrian and Ordovician Protremata 308

species named for 714

ulrichi, see Acrotreta. s

Umbo, defined 296

Umbonal cavity, defined 296

Umbonal muscle, defined 296

Umbonal muscle discussed 313
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Umbonal muscle scar, sho\\Ti in figure 374

Umbonal slopes, defined 296

undosa, see Mkromitra (Paterina).

unguiculata, see Siplionotreia.

" Vngula ovala," mentioned 3S3, 444

XJngulite grit (Upper Cambrian), in generalized section lor Russia,

listing species and localities 143

locaUtiesin 336h, 336o, 336p, 336q

Union County, Tennessee, locality in 11a

United States Geological Survey, acknowledgments 13

unxia, see Syntrophia.

upis, see LinguleUa.

uplandica, see Acrolreta.

uplandica limoeJisis, see Acrotreta.

Upper Cambrian, Alabama, generalized section, listing included

and correlated species and localities 147

Alberta, fossil horizons correlated with those of British

Columbia :
125-126

British Columbia, detailed section, listing species and lo-

calities - 125-126

British Columbia, upper boundary extended 125

CapeBreton, generalized section, listing species and locahties. 131

Denmarli:, generalized section, listlug included and correlated

species and localities 145

England, generalized section, listing species and localities- 135-136

families listed 112

Finland, generalized section, listing included and correlated

species and localities 145

genera listed 110-111, 317

Georgia, generalized section, listing included and correlated

species and localities 147

Missouri, generalized section, listing species and localities. . . 137

Nevada, detailed section, listing species and localities 139

New Brunswick, species and localities in, correlated with

those of Cape Breton 131

Newfoundland, detailed section, listing species and locali-

ties - 140

Norway, generalized section, listing included and correlated

species and localities 145

Oldahoma, detailed section, listing species and localities 142

Russia, generalized section, listing species and localities.. . 143-144

Scotland, generalized section, listing species and localities. 135-136

species listed 98-109

Sweden, generalized section, listing included and correlated

species and localities 145

Tennessee, generalized section, listing included and 'corre-

lated species and localities 147

Utah, detailed section, listing included and correlated spe-

cies and localities 148-149, 153-154

Wales, generalized section, listing species and localities 135-136

Upper Ffestiniog group, in generalized section for England, Scot-

land, and Wales, listing species and localities 135

Upper Leitches Creek, Cape Breton, localities near Sd,

lOe-h, 10m, 372, 372a

Upper LingvXa flags, in generalized section for England, Scotland,

and Wales, listing species and localities 135

Upper "Linsmschicht," in generalized section for Russia 143

urania, see Linnarssonella.

Utah, Blacksmith Fork section, in detail, listing included .and cor-

related species and localities 148-153

Cambriain species of, listed 114r-119

detailed sections of Cambrian and Ordovioian in, listing

included and correlated species and localities 148-158

House Range section, in detail, listing included and corre-

lated species and localities 153-158

localities in 3c-e,

3s, 3t, 3w-y, 4, 7w, 8g, 81, 8k, lOy, lOz, lln-q, Us, llu,

llw-y, 14t, 14v, 15b-d, 15p, 15x, 3Da, 30c, 30d, 30e, 30e, 30h,

30j-(i, 30s, 30u, 30wr, 30y, 30z, 31c-e, 31h, 31 1-n, 31q, 31s,

31t, 31v, 31y, 31z, 32c-k, 32n-p, 32t, 32x-z, 33d, 33f, 331,

33j, 33 1, 33n, 33r, 33t, 34g, 341, 34m, 34u, 34q-v, 54a-r, 54y,

56e, 55h, 55n, 55t, 55u, 105t, 105x, 185z, 329, 329a-e

Utah County, Utah, locaUty in 7w
utaliensis, see Ifkromitra {Paterina) lahradorica, Nisusia (James-

dla), and Otusia.

Ute limestone (Middle Cambrian), in detailed section in Black-

smith Fork, Utah, listing included and correlated species

and localities 150-152

localities in 31c-e,

31z, 32e, 32p, 54a, 54 1-p, 54y, 55c, 55e, 55t, 59f , 59g, 163

Ute Peak, Cache County, Utah, locality near 329a

See also Paradise Dry Canyon and Blaolfsmith Fork.

Veekkero, Norway, locaUty at 323g

"Vaginatenkalk" (Ordovician), in generalized section for Russia,

listing species and localities 143

localities in 336z, 337, 337a-c, 337f, 337g

"Vaginatmn limestone" (Passage beds), localities in 396ii, 396p

VaginoceTas limestone, equivalent to the OrtJioceratUe limestone. . 628

in generalized section for Russia,listingspeciesandlocalities- 143

Valatie Kill, Rensselaer County, New York, locality on 44a

Valbom, see Monte de Valbom.

Valcalda Spring, Esmeralda County, Nevada, locality near Iv

Valley Creek bridge, Bessemer, .Alabama, locality near 56u

Van Ness quarry, Lodi, Wisconsin, locality at 86

Vanuxem, L., bibliographic reference 24

variant, see Orbkuloidea.

Vascular canals, shOAvn in figure 374

Vascular markings, discussed 311-312

Vascular (pallial) sinuses, defined •- 296

variation in position of, in Obolus and LinguleUa, and their

subgenera 376-377

Vassar College, near Poughkeepsie, New York, locality near. ..... 367e

Vastergotland, see Skaraborg, Wermland, etc.

vatkina, see Nisusia.

Ventlinge, see Wentlinge.

Ventral valve, defined 296

explanation of absence in collections of Trematobolus 617

vermilionensis, sec Oholella.

Vermilion Pass, Alberta, locality in .' 60b

Vermont, Cambrian species of, listed 114-119

locaUtiesin 16ii, 25, 25a, 26, 28, 28a, 87,

227, 319e-g, 319j, 319k, 319m, 319q-s, 319v-z, 392o, 392p

note on stratigraphic position of localities in 159

vermontana, see Huenella.

de Vemeuil, E. P., bibliographic reference 24

de Vemeuil, E. P., and Barrande, J., bibliographic reference 24

Vernon, Utah, localities on stage road west of lis, 32h, 32t, 32z, 33f

verrucosa, see Siphonotreta, ^
Vestergotland, see Skaraborg, Wermland, etc.

Vestfossen, Norway , localities at 323f , 3231i, 323n

Villa Boim, Portugal, locality near 351

villaboimemis, see Acrotliele.

Vinala, Sweden, locality at 320t

Viola, see Swansea (Viola).

Virginia, Cambrian species of, listed 114-119

localities in 47a, 47c, 47h, 92b, 331

note on stratigraphic position of localities in 159

Visceral area, defined 296

Visceral cavity, defined 296

Vistula River, Poland , locahties on 368, 368a, 386e

Volborth, A. von, bibliographic reference 24

genus named for 366

species named for 419

volborlhi, see Obolus.

Volborthia, described 365

classification of 321,322

evolution discussed .' 318

evolution of 317

false cardinal area mentioned .' 318

general geographic and stratigraphic distribution of

the species referred to 99

number of Ordovician species and varieties ot 113

number of species of, in diflierent types of sediment. . 160

surface ornamentation discussed 301

type species "A crotreia recurva " 366

recurva, described 366

general geographic and stratigraphic distribution

tabulated 99

pedicle opening in, discussed and figiued 366

type specimen figured PI. I, figs. 6, 6a-e

Volkhof (Wolchow) River, St. Petersbiu-g, Russia, localities on . . 336k,

336r, 336x, 337j, 337k, 396k

Vrana, Sweden, locality at 320v

Waagen, W., bibliographic references 24

Wabasha Coimty, Minnesota, locahties tn 97,

97x, S97x, 99, 131, 339c, 339f, 539h

Wades Gap, Alabama, locahty near 139a

Wahlenberg, G., bibliographic reference 24

Wahwah Mountains, Utah, localities in 34r, 34t

Waliwah Spring, Utah, localities near 34r, 34t
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Walcott, B. S., species named for 355

Walcott, C D., bibliographic references 24, 25

Walcott, Mrs. C D., species named for 740

Waldheimiaj cardinal process discussed : 306

Wales, Cambrian species of, listed 120-121

generalized section of Cambrian and Ordovician in, listing

species and localities 13.5-] 36

localities in 305, 305a, 305c-i, 318, 318a-w, 366, 366a-s

Walker's ranch, Lewis and Clark County, Montana, locality near. 9iii

Wallace switch, near Bristol, Tennessee, locality at 2z'

Wallerius, I. D., bibliographic reference 26

Wanner, Atreus, species named for 613

wanneri, see Yorkia.

wanniecki, see Lingulella.

wapia, see Micromitra (Paterina).

WaptaPeak, British Columbia, locality near 35k

Warth, H., species named for 567, 772

warthi, see Neobolus and Wynnia.

Warwickshire, England, locality in 304j

Wasatch Canyon, north of Brigham, Utah, localities in 32p,

32x, 33], 34q, 54k, 54q, 55e, 105z

wasalchensis, see Obolus ( Westonia).

Wasatch Mountains, Utah, see Wasatch Canyon, Calls Fort,

Brigham, Geneva, Blacksmith Fork, Paradise Dry Can-

yon, Patterson, Ogden Can3'on, Provo, Big Cottonwood

Canyon, Mona, Weber Canyon, etc.

Washington, see Mount Washington.

Washington County, Maryland, localities in 16f, 47d-f

Minnesota, localities in 339, 339a, 339b

Missouri, localities in lie, 369b, 369d

New York, localities in 20,

20a, 21, 21a, 22, 22a, 33, 33b, 34, 34a, 35, 35a, 36, 36b, 37, 37b,

38, 38a, 38c, 39, 39a, 43, 43a. 45a, 45b, 109, 110, 110a, 338a.

338c-i, 3381, 338m, 338o, 338p, 338v, 338x, 338z, 367a, 367k, 3671

washingtonensis, see Yorkia.

Waterfall Valley near Maentwrog, North Wales, localities in. 318 1, 318m
Waucoba Springs, Inyo County, California, localities near. 53, 312, 312a

Waucoba Springs section, 3b (Lower Cambrian), locaUty in 312a

Waucoba Springssection, 3d (Lower Cambrian), localitiesin. 53, 53a?, 312

Waynesboro, Pennsylvania, loeahty near 49d

Weber Canyon, Morgan County, Utah, locality in 329c

Weber County, Utah, localities in 30p, 30q, 30s

Webs Ridge, Tennessee, locality on 12

Weed, W. H., bibliographic, reference 26

Weeks, F. B., acknowledgments •. 13

Weeks Canyon, House Range, Utah, localities in 30ii, 30n', 30o

wceksi see Swantonia.

Weeks hmestone (Middle Cambrian), in detailed section in House
Range, Utah, listing included and correlated -species and
localities 154-155

localities in 30n, 30ii', 30o

mentioned 510

Wehlau, East Prussia, localities near 386b, 3861

Weichsel, see Vistula.

Weisner quartzite (Lower Cambrian), in generalized section for

Tennessee, Georgia, and Alabama, listing species and locali-

ties . 147

locality in 59m
Weller, Stuart, bibliographic reference 26

species named for 639

welleri, see Lingulella.

Wentlinge, Oeland Island, Sweden, locality at 390c

Wennland, Sweden, locality in 321p

Wern, North Wales, locality at 305g

Westerg^d, A. H., bibliographic reference 26

Westergotland, see Skaraborg, Wermland, etc.

West Gallatin River, Montana, localities on 4g,

4h, 4k, 4p, 156b, 159, 161, 302, 302h, 302J
West Prussia, localities in 386d, 386

1

Weston, T. C, subgenus named for 451

Westonia, type of surface discussed 301,302

{Westonia), see Obolus (Westonia).

Weymouth, see North Weymouth. •

Wheeler Amphitheater, House Range, Utah, localities in 3s,

3t, 3x, 3y, 4. 8g, llq, llx, lly, 30g
Wheeler formation (Middle Cambrian), in detailed section in House

Range, Utah, listing included and correlated species and
localities 156

localities in 3s, 3t, 4, 8g, llu, 15b
White, C. A., bibliographic references 26

Whiteaves, J. F., acknowledgments 12

bibliographic reference 26

species named for 571

mentioned 335

wliiteavesi, see Bicia.

AVliitecluu-ch, St. Davids, South Wales, locality near 318q
Whitehall, New York, localities near 20a. 34, 39, 45b, 110, 110a, 338m
\A1iitehalI quadrangle. New York, localities in 34,

39, 45b, 110, 110a, 338a, 338m
White Leaved Oak, England, locaUty at 304

White Leaved Oak shales (Upper Cambrian), in generahzed

section for England, Scotland, and Wales, listing species

and localities . 135

localitiesin 304b, 304e, 304f

White Mountain Range, California, Kutorgina perugata from,

discussed 584

localities in 7, 8b

White Pine, White Mountain Range, California, locality near 8b
White Pine County, Nevada, locaUties in 41,

7i, 8e, 8f, 8m-p, lOw, 214a, 214b, 313, 313a, 313b, 313d-f, 313ki

White Pine district, Nevada, localities in 214a, 214b, 313k

Whitesand Bay, near St. Davids, South Wales, locality at 366

Whitfield, R. P., bibliographic references 26

species named for 764

Whitfield, R. P. (Hall, J., and), bibliographic reference 18

whitfieldi, see Billingsella.

Whyte, see Mount Whyte.
wiehitaensis, see Eoorthis.

wichitaensis Ixviusculus, see Eoorthis.

Wiems, Esthonla, Russia, locality at 336t

Wieser, Frances, acknowledgments 13

Williams Canyon, Manitou, Colorado, localities in 186, 186a

Williard, T. E., species named for 358

williardi, sqq Micromitra {Paterina).

WiUis, Bailey, acknowledgments 12

species named for 420

Willis, Bailey, and Blackwelder, Eliot, bibliographic reference 26

willisi, see Obolus.

Willow Creek, Gallatin County, Montana, locality on 160

Willow River, near Hudson, Wisconsin, locality on 328j

Wiman, Carl, acknowledgments 12

bibliographic reference 26

genus named for 745

species named for 792

Wimanella, described 745

absence of vascular or muscle markings in, discussed-

.

748

classifiication of 321, 325
"

evolution discussed 320

evolution of 317

general geographic and stratigraphic distribution of

the species referred to . 107

general stratigraphic distribution and number of Cam-
brian species and varieties of . Ill

number of species of, in different types of sedi-

ment 160

reference to, of Wimanella inyoensis discussed 747

stratigraphic position mentioned 320

type species Wimanella simplex 745

f anomala, described 745

compared with Billingsella appalachia 750

Wimanella shelbyensis 748

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured PI. LXXXVII, fig. 1

harlanensis, described • 746

compared with Billingsella coloradoensis 745

Billingsella plicatella 745

Wimanella saffordi 747

general geographic and stratigraphic distribution tab- .

ulated 107

type specimen figured PI. LXXXVII, fig. 5b

inyoensis, described 746

general geographic and stratigraphic distribution tab-

ulated 107

type specimen figured text fig. 63A, 747

saffordi, described 747

general geographic and stratigraphic distribution tab-

ulated 107

. type specimen figured PI. LXXXVII, fig. 7
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Wimanella shelhycnsis, described '4''

general geographic and stratigraphie distribution tab-

ulated
10''

tiTJe specimen figured PI. II, fig. 9

simplex, described '**

compared with Wimanella shelbyensis "48

general geographic and stratigraphic distribution tab-

ulated l"?

type of Wimanella ' 745

type specimen figured PI- LXXXIX, fig. 2

wimani, see Eoortliis and Obolus ( Weslonia).

Winchell, A., bibliographic reference 26

Winchell, N. H., bibliographic reference 26

Winchell, N. H., and Schuchert, C, bibliographic reference 26

Windjuelaudet, Norway, localities at - - 323b, 324d

Winfleld, Wisconsin, localities at and near 97a, 97c, 328a

winfieldensis. see Eoorthis remnicha. .

Wing, Augustus, species named for 743

wingi, see Protorthis.

Winona, Mirmesota, localities near 339g, 339k

winoTia, see Lin/julella,

Winona convexa, see Lingulella.

Winona County, Minnesota, localities in. . . . 84, 84f, 84s, 99, 339f-h, 339k

Wirrialpa, South Australia, localities at 315b-d

wirrialpensis, see OboleUa.

wiTthi, see Lingulella.

Wisconsin, Cambrian species of, listed
.' 114-119

locaUties in. . lOv, 78, 78a-d, 78s, 79, 79', 79a, 79b, 79s, 79x, 80, 80a, 81,

81b, 810, 82, 82a, 82s, 83, 83', 85, 85a, 85s, 85x, S85x, 85z,

86, 86a, 97a, 97c, 98, 98x, 99a, 100, 100a, 116, 134, 134a,

135, 135b, 135c. 328, 328a-n, 328p, 328q, 364, 364a

note on stratigraphic position of locaUties in 159

Wismar, Germany, locality near 386f

Wolchow. see Volkhof.

Woleschna, Bohemia, locality near 303h

Wolf Creek, Bighorn Mountains, Wyoming, locality on 14k

Wolf Creek, Virginia, locality on 47h

Wolsey, Montana, localities near 5f, 5k, 340

Wolsey shale (Middle Cambrian ) , localities in 4x, 5f

note on stratigraphic position and correlation of 137

Wood, Elvira, acknowledgments 13

Wood Cone, Eureka district, Nevada, localities on 203, 203a, 211

Woodstock, Alabama, locality near 90b

Woodworth, J. B., species named for 661

woodwfyrthi, see Acrothele.

Worcestershire , England , localities in 304, 304a, 304b-g

Wormditt, East Prussia, locality near 386k

Worthen, A. H., species.named for 421

wortlieni, see Obolus.

Wraz, Bohemia, locality at 303n

Wutaihien, China , locaUty near C75

Wynantskill, New York, localities near 72a, 33Ek

Wynne, Arthur B., genus named for 771

Wi/nnia, described 771

cardinal area discussed 305

classification of 321, 325

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 108

general stratigraphic distribution and number of Cam-

brian species and varieties of lU

number of species of, in different types of sediment . . . 100

stratigraphic position mentioned 320

warthl, described - 771

general geographic and stratigraphic distribution

tabulated 108

type specimen figured PI. LXXXIX, fig. 4a

Wyoming, Cambrian species of, listed 114-119

. localities in (Middle Cambrian) 4e, 4j, 4in-o,

170, 171, 171a, 302b, 3021, 302m, 302o, 302x, 302y, 340c, 340d

localities in (Upper Cambrian) 14k,

168, 302c-e, 302g-h, 302p, 302u

note on stratigraphic position of localities in 144

stratigraphic position of localities in, discussed 137

Wysogdrski, Johaim, bibliographic reference 26

Yanceys Bend, Coosa River, Alabama, localitj^ at 92x

Yellowstone National Park, Wyoming, localities in 4j,

302b, 302c, 302f-h, 3021

Yellowstone River, Montana, locality east of ' 4r

Yenchaung, China, localities at and near Cl-7,

C9, CIO, C12, C61, C62, C63, C64

Yogo limestone (Upper Cambrian), localities in ; 302q, 302r

note on stratigraphic position of 137

York, Pennsylvania, localities at and near. 8q, 48d, 49a, 49e, 50, 50a, 346c

York County, Pennsylvania, localities in 8q,

48d, 49, 49a-c, 49e, 49w, 50, 50a, 346, 346c

yorketi^is, see Acrothele.

Yorke Peninsula, South Australia, localities on 315, 315a

Vorkia, described 611

cardinal area discussed 305

classification of 321, 324

compared with Quebecia 611

evolution discussed 319

evolution of 317

general geographic and stratigraphic distribution of

the species referred to 104

general stratigraphic distribution and number of Cam-

brian species and varieties of Ill

muscle scars not shown in 313

number of species of, in different types of sediment ... 160

reference to, of Yorkia ? miqueli discussed 612

reference to, of Yorkia f orientalis discussed 612

reference to, of Yorkia ?washingtonensis discussed... 612,613

shell substance 297

stratigraphic position mentioned 318

type species Yorkia wanneri 611

vascular markings discussed 311

? miqueli, described 611

general geographic and stratigraphic distribution tabu-

lated 104

t>'pe specimen figured PI. LXXXII, fig. 4

? orientalis, described 612

general geographic and stratigraphic distribution tabu-

lated 104

tjTJe specimen figm'ed PI. LXXXII, fig. 3

wanneri, described 612

compared with Yorkia f orientalis 612

general geographic and stratigraphic distribution tabu-

Jated 104

tjTie of Yorkia 611

tj'pe specimen figured PI. LXXXII, fig. Ig

. ? washingloncnsis, described 613

general geographic and stratigraphic distrbution tabu-

lated 104

generic reference discussed 612

type specimen figured PI. LXXXII, flg. 2

Youngs Creek, Ovando quadrangle, Montana, localities near 4q,

4q', 4w, 8j

Youngs (McPhees) Point, Nova Scotia, locality on 307d

Yiterniiset, Aland Island, Finland, localities at 311q, 311y

Zarskoe Selo, St. Petersburg, Russia, localities at 336g, 396z

Zbirov, see Sbirov.

zeno, see Eoorthis.

zenobia, see Micromitra.

zetus, see Obolus.

zeus, see Lingulella.

Ziegelskoppel, Estlionia, Russia, locality at 396t

Zittel, K. A. von, bibliographic reference 26

Zone Bllla or BIII/S (Ordovician), locality in 337j

Zone C of Westerg&rd (Passage beds), locality in 310w

Zone 1 of Moberg and Segerberg (Upper Cambrian), locality in. .
.

309b

Zone 2 of Moberg and Segerberg (Upper Cambrian), locality in. . . 309a

Zone 3 of Moberg and Segerberg (Upper Cambrian), localities

in 390b, 390c

See also Shumardia zone and Ceratopyge slate.

Zone 4 of Moberg and Segerberg (Passage beds), locaUties in . . . 309, 310

See also Ceratopyge limestone.

Zoological discussion 291-326

zoppi, see Obolus.
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