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ADVERTISEMENT. 

[Bulletin No. 97.] 

The publications of the United States Geological Survey are issued in accordance with the statute - 

approved March 3, 1879, which declares that— 

“The publications of the Geological Survey shall consist of the annual report of operations, geological 

and economic maps illustrating the resources and classification of the lands, and reports upon general 

and economic geology and paleontology. The annual report of operations of the Geological Survey 

shallaccompany the annual report of the Secretary of the Interior. All special memoirs and reports 

of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other- 

wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 

and for sale at the price of publication; and all literary and cartographic materials received in exchange 

shall be the property of the United States and form a part of the library of the organization; and the 

money resulting from the sale of such publications shall be covered into the Treasury of the United 

States.” 

On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 

by Congress: 

“That whenever any document or report shall be ordered printed by Congress, there shall be printed, 

in addition to the number in each case stated, the ‘usual number’ (734) of copies for binding and 

distribution among those entitled to receive them.”’ 

Except in those cases in which an extra number of any publication has been supplied to the Sarvey 

by special resolution of Congress or has been ordered by the Secretary of the Interior, this office has - 

no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 

~ lmap.—A preliminary report describing plan of organization and publications. 

If. Second Annual Report of the United States Geological Survey, 1880-81, by J. W. Powell. 1882. 

8°. lv, 588.pp. 62 pl. 1map. 

II. Third Annual Report of the United States Geological Survey, 1881-’82, by J. W. Powell. 1883. 

8°. xviii, 564 pp. 67 pl. and maps. 

IV. Fourth Annual Report of the United States Geological Survey, 1882-’83, by J. W. Powell. 1884. 

8°. xxxii, 473 pp. 85 pl. and maps. 

V. Fifth Annual Report of the United States Geological Survey, 1883-’84, by J. W. Powell. 1885. 

8°. xxxyi, 469 pp. 58 pl. and maps. 

VI. Sixth Annual Report of the United States Geological Survey, 1884-85, by J. W. Powell. 1885. 

8°. xxix, 570 pp. 65 pl. and maps. 

VI. Seventh Annual Report of the United States Geological Survey, 1885-’86, by J. W. Powell. 1888. 

8°. xx, 656 pp. 71 pl. and maps. 

VILI. Eighth Annual Report of the United States Geological Survey, 1886-87, by J. W. Powell. 1889. 

s°. 2pt. xix, 474, xii pp. 53 pl. and maps; 1 p. 1., 475-1063 pp. 54-76 pl. and maps. 

IX. Ninth Annual Report of the United States Geological Survey, 1887-’88, by J. W. Powell. 1889. 

8°. xiii, 717 pp. 88 pl. and maps. 

X. Tenth Annual Report of the United States Geological Survey, 1888-’89, by J. W. Powell. 1890. 

8°. 2pt. xv, 774 pp. 98 pl. and maps; viii, 123 pp. 

XI. Eleventh Annual Report of the United States Geological Survey, 1889-90, by J. W. Powell. 1891. 

8°, 2pt. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. 

XI. Twelfth Annual Report of the United States Geological Survey, 1890-91, byJ. W. Powell. 1891. 

8°. 2pt. xiii, 675 pp. 53 pl. and maps; xviii, 576 pp. 146 pl. and maps. 

XIII. Thirteenth Annual Report of the United States Geological Survey, 189192, by J. W. Powell, 

1893. 8°. 3 pt. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. Imap. Price $1.50. 

If. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U.S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00. 
jt 
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III. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882. 

4°, xy, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00. 

IV. Comstock Mining and Miners, by Eliot ord. 1883. 4°. xiv, 45lpp. 3 pl. Price $1.50. 

V. The Copper-Bearing Bocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp. 

151. 29pl.and maps. Price $1.85. 

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 

Fontaine. 1883. 4°. xi,144 pp. 541. 54pl. Price $1.05. 

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884, 4°. xiii,200 pp. 16 

pl. Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles Deolittle Walcott. 1884. 4°. xiii, 298 pp. 

241. 24pl. Price $1.10. 
TX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitfield. 1885. 4°. xx,338 pp. 35 pl. 1map. Price $1.15. 

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 

1886. 4°. xviii, 248 pp. 561. 56 pl. Price $2.70. 

XI. Geological History of Lake Lahontan,a Quaternary Lake of Northwestern Nevada, by Israel 

Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl.and maps. Price $1.75. 

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 4°. xxix,770 pp. 45 pl.and atlas of 35 sheets folio. Price $8.40. 

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 

1888. 4°. xix,486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val- 

ley, by John S. Newberry. 1888, 4°. xiv,152 pp. 26 pl. Price $1.00. 

XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv,377 

pp. 180 pl. Text and plates bound separately. Price $2.50. 

XVI. The Paleozoie Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl. 

Price $1.00. 

XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. H. 

Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. : 

XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00. 

XIX. The Penokee Iron-Bearing Series of Northern ‘Wisconsin and Michigan, by Roland D. Irving 

and C.R. Van Hise. 1892. 4°. 

XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 1892. 4°. 419 pp. 8 pl. 

Tn press: : 

XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder. 

XXII. A Manual of Topographic Methods, by Henry Gannett, chief topographer. 

XXIII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolff, 

T. Nelson Dale, and Bayard 'T. Putnam. 

in preparation : 

. Mollusea and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield. 

— Sauropoda, by O. C. Marsh. 

— Stegosauria, by O. C. Marsh. 

— Brontotheridx, by O. C. Marsh. 

— Report on the Denver Coal Basin, by S. F. Emmons. 

— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by 8. F. Emmons. 

— The Glacial Lake Agassiz, by Warren Upham. 

BULLETINS. 

1. On Hypersthene- Andesite and on Triclinie Pyroxene in Augitie Rocks, by Whitman Cross, witha 

Geological Sketch of Buffalo Peaks, Colorado, by 5. F. Emmons. 1883. 8° 42 pp. 2 pl. Price 10 cents. 

2. Gold and Silver Conversion Tables, giving the coining value of troy ounces of fine metal, etc., com- 

puted by Albert Williams, jr. 1883. 8°. 8pp. Price 5 cents. 

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76° 30’, from Tompkins County, 

New York, to Bradford County, Pennsylvania, by Henry 8. Williams. 1884. 8°. 36 pp. Price 5 cents. 

4. On Mesozoic Fossils, by Charles A. White. 1884. 8° 36pp. 9pl. Price 5 cents. 

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 325 pp. 

Price 20 cents. 

6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents. 

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South). 

1752-1881, in geographic and chronologic order, by Jules Marecou and John Belknap Marcou. 1884. 

8°. 184 pp. Price 10 cents. 

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R.D. Irving and C. R. 

Van Hise. 1884. 8°. 56 pp. 6pl. Price 10 cents. 

9. A report of work done in the Washington Laboratory during the fiscal year 188384. F. W. Clarke, 

chief chemist. ‘I. M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents. 
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~ 10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott. 

1884. 8°. Tipp. 10 pl. Price 5 cents. 

~ 11. On the Quaternary and Recent Mollusea of the Great Basin; with Descriptions of New Forms, 

by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G, K. 

Gilbert. 1884. 8°. 66 pp. 6pl. Price 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward §. Dana. 1884. 8°. 

34pp. 3pl. Price 5 cents. 

13. Boundaries of the United States and of the several States and Territories, with a Historical 

Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 

14. The Eleetrical and Magnetie Properties.of the Iron-Carburets, by Carl Barus and Vincent 

Strouhal. 1885. 8°. 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 33 pp. 

Price 5 cents. 

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885, 89°.” 

86 pp. 3pl. Price 5 cents. : 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on 

the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 

cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America, 

by Charles A White. 1885. 8°. 26 pp. 3 pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28 pp. Price 5 cents. 

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille- 

brand. 1885. 8°. 114 pp. 1pl. Price 10 cents. 

21. The Lignites of the Great Sioux Reservation. -A Report on the e Recen between the Grand and 

Moreau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5pl. Price 5 cents. 

22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25 pp. 5 pl. 

Price 5 cents. 

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke- 

weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin, 1885. 8°. 124 pp. 17 pl. 

Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from American 

Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall. 

1885. 8°. 336 pp. Price 25 cents. 

25. ‘Lhe Present Technical Condition of the Steel inducers y of the United States, by Phineas Barnes. 

1885. 8°. 85 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents. 

27. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

188485. 1886. 8°. 80 pp. Price 10 cents. 

28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, 

Maryland, by George Huntington Williams. 1886. 8°. 7&8 pp. 4 pl. Price 10 cents. 

29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886. 

8°. 41 pp. 4pl. Price 5 cents. 

30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo- 

little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents. 
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach- 

- nids, by Samuel Hubbard Seudder. 1886. 8°. 128 pp. Price 15 cents. 

32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert 

C. Peale. 1886. 8°. 235 pp. Price 20 cents. 

33. Notes on the Geology of Northern California, by J.S. Diller. 1886. 8°. 23 pp. Price 5 cents. 

34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and other groups, by Charles A. White. 1886. 8°. 54 pp. 5 pl. Price 10 cents. 

35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8°. 62 

pp. Price 10 cents. 

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°. 58 pp. Price 10 cents. 

37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents. 

38. Peridotite of Elliott County, Kentucky, by J. 8. Diller. 1887. 8°. 31 pp. lpl. Price 5 cents. 

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887, 8°. 84 

pp. 1pl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 

8°. 10pp. 4 pl. Price 5 cents. 

41. On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S. 

Williams. 1887. 8°. 121 pp. 4 pl. Price 15 cents. 

42. Report of work done in the Division of Chemistry and Physics, mainly during the fiseal year 

1885-86. F. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1pl. Price 15 cents. 

43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene 

A. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 

44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp. 

Price 5 cents. 
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45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. 8°. 94 

pp. Price 10 cents. 

46. Nature and Origin of Deposits of Phosphate of Tite, by R. A. F. Penrose, jr., with an iaae 

duction by N.S,Shaler. 1888. 8°. 143 pp. Price 15 cents 

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of 

Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. 8°. 84pp. Price 

10 cents. ; 
48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8°. 88 pp. 

Price 10 cents. 

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert 

Simpson Woodward. 1889. 8°. 133 pp. Price 15 cents. 

50. Formulas and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood- 

ward. 1889. 8°. 124pp. Price 15 cents. 

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. &°. 102 pp. 

14pl. Price 15 cents. 

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook 

Russell. 1889. 8°. 65 pp. 5pl. Price 10 cents. 

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 535 pp. 10 pl. Price 10 

cents. 

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°. 313 pp. 

incl.1 pl. 11 pl. Price 25 cents. . 

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1886-87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents. 

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889, 8°. 72 pp. 
7 pl. Price 10 cents. 4 

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 2 pl. 

Price 5 cents. 

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George 

Frederick Wright, with an introducticn by Thomas Chrowder Chamberlin. 1890. 8°. 112 pp. incl, 
1pl. 8pl. Price 15 cents. 

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp. 
1pl. Price 10 cents. 

60. Reportof work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1887-88. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Price 15 cents. 

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlow Melville and Waldemar 

Lindgren. 1890. 8°. 40 pp. 3pl. Price 5 cents. 
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PREFACE, 

The present bulletin on the Mesozoic Echinodermata of the United 

States is the first of a series of reports on American fossil radiates. 

The material for a review of the Cenozoic Echinodermata has already 

been collected, and the results of that work will be shortly added. 

The investigation of the Mesozoic Echinodermata, first undertaken at 

the request of Dr. C. A. White, was intended to include only the material 
in*the possession of the U.S. National Museum, but the necessity for 

wider comparisons and a general treatment of American species became 

apparent as the work advanced. The larger collections in other in- 

stitutions were accordingly drawn upon, and as a result the number of 

new forms has been greatly increased, while misconceptions that have 

hitherto existed as to the limitations of many of the earlier species have 

been rectified. 
Much poor material that indicates other and new species has been 

ignored in this review, so that further collections will doubtless largely 

increase the number of American forms. 
The writer is under great indebtedness to Prof. Robert T. Hill for in- 

formation in regard to the geological range and localities of many of the 

Texan species and for the loan of a large amountof material. Further, 

the writer desires to extend his thanks to Prof. Angelo Heilprin, of the 

Academy of Natural Sciences of Philadelphia, Prof. R. P. Whitfield, of 

the American Museum of Natural History, New York, Prof: Alpheus 

Hyatt, of Boston, Prof. O. C. Marsh, of New Haven, Mr. G. Wolf Hol- 
stein, of Texas, Dr. G. Hambach, of St. Louis, Prof. Samuel Calvin, of 

the University of lowa, Mr. E. T. Dumble, State Geologist of Texas, 

Mr. E. J. Pond, of Washington, Mr. F. A. Sampson, of Sedalia, Missouri, 

and others, for the opportunity to use the important collections in their 

possession. 

The writer is under the greatest obligations to Mr. C. R. Keyes, who 

has executed the very complete and accurate series of structural draw- 

ings, and whose extensive knowledge of the Echinodermata gives to the 

other illustrations prepared by him an especial value for determinative 

purposes. The author is also indebted to Mr. H. C. Hunter for the care 

he has shown in the preparation of the drawings intrusted to him. 
11 





THE MESOZOIC ECHINODERMATA OF THE UNITED 
STATES, 

By WILLIAM BULLOCK CLARK. 

INTRODUCTION. 

The need of arevisionof American systematic paleontology is nowhere 

more apparent than in the subkingdom of the Echinodermata. The val- 

uable contributions of Wachsmuth and Springer upon the Paleozoic 

Crinoidea have largely covered the field for that division, while as yet 

nothing exhaustive has been attempted for the Mesozoic and Cenozoic. 

The value of the Echinodermata in the later horizons may not be so great 

as in the earlier, yet many important forms of wide geological and geo- 

eraphical range are found in both the Mesozoic and Cenozoic. 

The reports of Morton upon Atlantic Coast species and of Roemer and 

Shumard upon Texan types are among the most important publications 

upon North American Mesozoic Echinodermata, but the articles are in 

each case difficult of access to the student and the results recorded 

wholly inadequate for present systematic or stratigraphical require- 

ments. 

In previous discussions of North American Echinodermata no at- 

tention has been paid to the South American forms, so that much con- 

fusion exists as to the true relations of the two faunas. Very little is 

known of the geographical range of the various species, but that many 

of the North and South American forms described under different names 

are identical is beyond doubt. When more exhaustive collections have 

been made and comparisons instituted, this similarity of echinoderm 

faunas in the two continents will be made apparent. The present poor 

descriptions and meager figures afford a very inadequate basis for such 

a study. 

The identity of American with European species seems doubtful, al- 

though a few forms present characters that closely ally them. 

In the succeeding pages is presented a complete bibliography of 

works on North American Mesozoic Echinodermata, and of certain 

others that deal with closely related forms. 
In the systematic review that follows, and that constitutes the major 

portion of the report, descriptions of moderate length are accorded the 
, 13 
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different species. It has been deemed sufficient to present simply those 

characteristics that are necessary for an accurate determination of the 

forms, omitting many of the minute though interesting details of 
structure. A table is given showing the geological range of the dif- 

ferent American Mesozoic species. In conclusion anindex to the various 

terms employed by those who have written on the Mesozoic Echinoder- 

mata of the United States is presented. 

An attempt has been made to very fully illustrate all the species. 

Many of the details of structure, not recorded in the descriptive portions 

of the report, are Shown on the various figures. 
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SYSTEMATIC REVIEW. 

CRINOIDEA. 

UINTACRINID:! 

Calyx unsymmetrical, without column. Basis monocyclic. Basals 

five, inclosing acentro-dorsalplate. Radialsix3. Interradials numer- 

ous, the lowest between the second radials. Arms 5x2, very long, 

with pinnules. 
. 

UINTACRINUS Grinnell. 

UINTACRINUS SOCIALIS Grinnell. 

Plate 1, Figs. la-c; Plate 1, Figs. la-e. 

Uintacrinus socialis Grinnell, 1876. Amer. Jour. Sci., 3d ser., vol. 12, pp. 81-83, PI. 

Iv, Figs. 1-2b. , . 

Uintacrinus socialis Meek, 1876. U.S. Geol. and Geog. Survey of the Territories, 

Bull. vol. 2, pp. 375-378, Figs. A-B. 

Determinative characters.—Calyx subglobose, composed of numerous 

thin, slightly convex plates, joined together by channeled sutures and 

without distinct surface markings. Column wanting. Basis composed 

of a small pentagonal centro-dorsal plate, surrounded by a circle of five 
small similar basals. Encircling the pentagonal base and alternating 

with the basals are five large radials, hexagonal in outline and wider 
than high. Succeeding the primary radials are secondary and tertiary 

radials, the latter axillary in form. The primary radials alone are in 

contact, the others being separated by interradials. Succeeding the 

radials are several distichals, which gradually change to true rounded 

brachials, forming ten long arms. Between the distichals are two 

large interdistichals, situated one above the other. From the second 
distichal, which is axillary in form, a row of plates diverges interra- 

dially, alternating with similar plates from the same distichal of the 

adjacent area. From the fourth distichal a like row of plates diverges 

radially, alternating with similar plates from the same distichal of the 

other half of the same area. Higher up other rows diverge both radially 

1 Tho family of the Uintacrinide, as characterized by von Zittel in his “‘ Handbuch der Paleontologie,"’ 

includes only two species, Uintacrinus socialis Grinnell, from the Cretaceous of Utah and Kansas, 

and U. westfalicus Schliiter from the Cretaceous of Westfalia. The genera Uintacrinus and Mar- 

aupites alone among Mesozoic types afford points for comparison with the Paleozoic crinoids. 

Neumayr in ‘ Die Stiimme des Thierreiches ” considers the difficulty of bringing them into a consistent 

classification with the other crinoids but suggests several points of relationship between Uiutacrinus 

and the Ichthyocrinidée. 
21 



22 THE MESOZOIC ECHINODERMATA OF UNITED STATES. [BULL. 97. 

and interradially until true pinnules are developed 6n the free brachials. 

The brachials are united either by articulation or sizygial suture, in 

the latter case the line of union often becoming obliterated. The in- 

terradial plates, eight or nine in number, form a rounded, slightly 

elevated shield-like area, surrounded above by the alternating rows of 

plates that diverge from the second distichal. 

Dimensions.—Calyx: height, 2 inches; breadth, 24 inches. Arms: 

length, 20 inches (?). 
Description.—The first specimen of this species was collected by 

Prof. O. C. Marsh in 1870 from the Cretaceous of the Uinta Mountains 

of Utah and by him compared with Marsupites of the English chalk.! 

Subsequently other specimens were obtained from Kansas, and in 1876 

were described by Mr. G. B. Grinnell, an assistant to Prof. Marsh at 

that time, under the name of Uintacrinus socialis. Prof. F. B. Meek, 

who had already in his possession similar material, added, in the Bulle- 

tin of the U. 8S. Geological and Geographical Survey of the Terrtories, 

descriptions of certain points in the strueture not mentioned by Grinnell. 

All the specimens hitherto collected are much compressed, so that 

the original form is with difficulty determined. In general, on any 

single specimen only the plates of one side are preserved sufficiently 

well for identification. 

The calyx is subglobosey with ten long, simple arms extending from 

the upper side (Pl. 1, Fig. 1b). The plates are thin, slightly convex, 

and joined together by simple, though well marked, sutures, that are 

generally slightly channeled. The calyx is without column or stalk, 

and belongs to the class of “free” forms. 

The basis is composed of a centro-dorsal plate, surrounded by five 

basals. The centro-dorsal plate is doubtfully visible upon only a 

single specimen. Judging from the problematical portion of the plate 

exposed, and the shape of the lower edges of the basals, it must be 

small and pentagonal in form. Its presence was not noted by either 

Grinnell or Meek, upon the specimens examined by them. The five 

basals, also undescribed by previous writers, encircle the centro-dorsal 

plate (Pl. 11, Figs. la, 1b). They rest with one side against the latter 

and terminate in a sharp angle above. The whole basis forms a nearly 

perfect pentagon, which is slightly depressed where the line of junc- 

ture of two adjacent basals reaches the edge. Five large primary 

radials surround the basals and alternate with them. ‘They are six 

or seven sided, the latter occurring when the edge toward the basis 

is broken by an angle into two portions. These plates are wider than 

high, and come in contaét with one another only in the lower portion 

of each side. The upper parts are separated by the interradial area, 

as are the secondary and tertiary radials that succeed the primary. 

The secondary radials are smaller than the primary, and are separated 

by horizontal suture lines from them. The tertiary radials are axil- - 

1 Amer. Jour. Sci., 3d ser., vol. 1, 1871, p. 195. 
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lary, bearing two large distichals that come in contact only along a 
portion of their lateral margins (Pl. 1, Fig. 1c). Succeeding the primary 

distichals are four others of large size and varying shape, beyond which 

the plates rapidly decrease in size and change to true brachials (PI. 1, 

‘Fig. 1c). 

In the angle between the larger distichals of each radial series are 

two large interdistichal plates. The lower of these comes in contact 

with the primary distichals in the angle formed by the-upper portions 

of the lateral margins of those plates. It likewise touches the sides of 

the second and a portion of the third distichal. The upper interdis- 

tichal rests with horizontal edge upon the lower, and is embraced be- 

tween the upper portion of the third distichals and the lower portion 

of the fourth, ending above with angular margin between the modified 

plates that branch from the fourth distichals, to be presently referred to. 

The second distichals are axillary and support interradially rows of 

plates, the first of each row separated from one another by the inter- 

radials (Pl. 1, Fig. la). The first plates are smaller than the second of 

the same row, which meet with a vertical suture and slightly overlap, 

a character which becomes more pronounced higher in the series, so 

that true alternation results. Beyond the third plate a rapidereduction 

in size of plates takes place. Ten to twelve plates have been recog- 

nized in each row. . 

From the fourth distichals, which are likewise axillary, similar rows 

diverge radially (Pl. 1, Fig. 1c). From the fifth distichals are other 

rows iuterradial in position, while the seventh again bear radial 

branches. These rows gradually grow smaller and as the brachials 

become movable appear as pinnules. The lower rows become inecor- 

porated in the calyx, and as they are inmovable have become modified 

for the position they occupy. 

The interradials are eight, nine, or more in number and form an ele- 

vated, shield-like area, each plate likewise showing a slightly convex 

surface (Pl. 1, Fig. la). The arrangement of the plates does not 

vary; seven in an oval band inclose the eighth, or eighth and ninth, 

according to the number of interradials. The lower interradial occupies 

the angle between the upper portions of the lateral margins of the 

primary radials and likewise separates the secondary radials. The two 

upper interradials occupy the angle formed by the branches from the 

second distichals and the distichals themselves. The four other inter- 

radials of the outer band lie two on each side between the lower inter- 

radial and the upper pair of plates. The lower two of these four are 

in contact, while the upper two are separated by the inner plate or 

plates. In contact with the four plates are the secondary and tertiary 

radials and the first and second distichals. The inner plate is more fre- 

quently replaced by two smaller ones irregular in outline and position. 

The brachial plates are the continuation of the distichals and form 

ten simple arms. They gradually assume a half-round, horseshoe- 
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shaped outline, the depression on the inner surface increasing until a 
well-marked ambulacral furrow is produced. The plates are likewise 

perforated a short distance in front of the same. The plates are united 

in two ways, by articulation (P]. 0, Fig. 1e) and by sizygial suture (P1. 1, 

Fig. 1d), the former producing a movable joint, the latter uniting ad- 

jacent plates immovably. Rows -of pinnules are developed on the inner 

surface of the arms alternately from opposite sides, each row branch- 

ing from the epizygale, where the sizygial suture is observed (PI. 0, 

Fig. 1c). : 
The arms attain very great length. Grinnell mentions a specimen 

examined by him where the arms measured 8 inches, and one examined 

by the writer was very nearly as long. Grinnell thinks the arms may 

reach 2 feet in length. 

Related forms.—The present species is closely allied to Uintacrinus 

westfalicus, described by Schliiter' in 1878 from the Upper Cretaceous 

(Senonian) of Recklinghausen, in Westphalia. It is the only other spe- 

cies of this genus thus far described, so that a statement of the affini- 

ties of the two forms is important. In the composition of the basis the 

two species are very nearly identical. The radials and distichals show 

very slight differences, but the brachials in U. socialis are decidedly 

broader than in U. westfalicus. In the number and arrangement of the 

interradials the most marked difference is manifested. In U. socialis 

seven interradial plates encircle the eighth, or eighth and ninth, as the 

case may be, while in U. westfalicus the interradials are five in number, 

all of which come in contact with plates of other areas. Several minor 

differences appear in the rows of small plates that branch from the 

distichals. Otherwise, however, there is a marked similarity in the 

arrangement and form of the several plates. In general outline. the 

two species are very similar. 

Locality and geological horizon.—The first specimen was found on the 

slopes of the Uinta Mountains, in Utah, by Prof. Marsh, associated 

with Ostrea congesta Con., a typical Cretaceous form. Later, others 

were found in Kansas, associated with Odontornithes, Pterodactyls, 

and mosasauroid reptiles, likewise characteristic of the Cretaceous. 

Meek assigns the species to the Niobrara Group, a horizon of the upper 

Cretaceous. 

Collections.—Peabody Museum, New Haven; U.S. National Museum. 

APIOCRINID. 

Calyx regular, composed of thick, articulated plates; basals five; 

radials 5 x 1-3. Exceptions frequent. Arms strong, numerously 

divided. Column long. 

1 Zeitschr. der Deutsch. geol. Gesells., XXX, 1877, pp. 55-63, Pl. Iv. 
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BOURGUETICRINUS DOrbigny. 

BOURGUETICRINUS ALABAMENSIS de Loriol. 

Plate 111, Figs. la-c. , 

Bourgueticrinus alabamensis de Loriol, 1882. Cincinnati Soe. Nat. Hist. Jour., vol. 

fy; pellsePh vi Pig. 1, la; 10: 

As it has been impossible for the writer to obtain possession of the 

type of this species the description of de Loriol, as translated by Prof. 
§. A. Miller, is given verbatim: ‘This species is as yet known only 

by the basal cone which supports the calyx, and which is composed of 

several enlarging segments of the column surmounted, by the basal 

plates. The height of the inverted cone is 5™™; the diameter of the 

basal plate is 4™™", and that of the inferior segment of the column is 

3™” jn its major axis. Its form is faintly swollen in the middle; the 

surface is smooth. The sutures are very indistinct, and it is a difficult 

matter to determine what was the height of the basal plate. The su- 

perior face of the cone carries five slender and comparatively elevated 
radiating ridges, which bound five deep depressions in which the basal 

pieces of the calyx were lodged; in the center an enlargement of the 

central canal constitutes the bottom of the calyx cavity. The articu- 

Jar tace of the lower joint of the column forming the inferior end of the 

cone is elliptical, but the length of its major axis does not, however, 

much exceed that of its minor axis. It is slightly concave and encir- 

cled by a feeble rim along the circumference line; the transverse articu- 

lar ridge process is reduced to two elongated tubercles which proceed 

from the marginal rim. Central canal comparatively large.” 

- Related forms.—‘Although this species is still very imperfectly 

known one can affirm that it is certainly distinct from Bowrgueti- 

—erinus ellipticus Miller, by the uch less swollen form of the basal cone, 
which is but slightly convex in outline, and by the facts that the lower 

segment of the cone is already elliptical and already possesses the rudi- 

ments of a transverse articular ridge. Furthermore, the radiating 

carine are very much more salient, and consequently the depressions 

which they separate very much deeper. Finally, by its central canal 

being relatively much larger.” 
Locality and geological horizon.— Livingstone, Alabama, Ripley 

Group of the Cretaceous, or at the top of the Rotten limestone.” 

Collection.—Ciucinnati Society of Natural History. 

_ PENTACRINID 2. 

Calyx small, “‘composed of five basals and five radials with under- 
basals in one genus. The rays divide from one to eight times. The 

stems bear verticils of cirri at intervals. Two joints are united by 

syzygy at each node, to the upper one of which the cirri are articulated, 
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The internodes are traversed by five ligamentous bundles, which are 

interradially disposed, and give rise to a more or less petaloid figure 

on the joint-faces. No root nor radicular cirri.” (P. H. Carpenter.) 

» PENTACRINUS Miller. 

PENTACRINUS ASTERISCUS Meek and Hayden. 

Plate m1, Figs. 2 a—d. 

Pentacrinus asteriscus Meek and Hayden, 1858. Philadelphia Acad. Nat. Sei. Proe., 

vol. 10, p. 49. 

Pentacrinus asteriscus Meek and Hayden, 1860. Philadelphia Acad. Nat, Sci. Proc., 

vol. 12, p. 419. 

Pentacrinus asteniscus Meek, 1864. Smith. Mise. Coll. (177), p. 27. 

Pentacrinites asteriscus Meek and Hayden, 1865. Pal. Upper Missouri, Smith. Contr. 
Knowledge (172), p. 67, Pl. 10, Fig. 2. : 

? Pentacrinites asteriscus Whitfield, 1880. Geol. Black Hills of Dakota, p. 345, Pl. rm, 

Figs. 1, 2. 

Determinative characters.—Calyx branching. Stem or column com- 

posed of small, pentagonal joints, rather thick, that bear at intervals 

small rounded processes or cirri. The column joints are connected by 

crenated ridges arranged in pentapetalous form. The stem is perfo- 

rated by a central canal. . 

Dimensions.—Column: breadth of joint, “4 to + inch; length of joint, 
3 Inch. 

Description.—This species was first described by Meek and Hayden in 

1858, in the Proceedings of the Academy of Natural Sciences of Phila- 

delphia, from several fragments of the column. The calyx or arms are 

not known, and, as in the succeeding species, the distinguishing charac- 

teristics are confined entirely to the column joints. On the large slab 

figured by Meek and Hayden in the Paleontology of the Upper Mis- 

souri are Several detached portions of the column 1 to 2 inches in 

length. The sutures are clearly marked and the nodal can be readily 
separated from the internodal joints. Of the latter, ten are plainly seen 

between two nodes on one fragment (Pl. m1, Fig. 2a), while in other 

instances the number seems to be slightly greater. All the joints are 

rather thick (Pl. 11, Fig.2¢). Five cirrus sears are found on each node 

in the reentering angles. Each node is joined to the underlying inter- 

node by syzygial suture, while the overlying plate is connected by 

erenulated ridges, as are also the internodal plates themselves. The 

arrangement of these ridges is distinctly petaloid (Pl. 111, Fig. 20). 

The reentering angles of the outer surface of the stem are not deep, so 

that the points of each star-shaped prolongation are short and broad. 

The cirri are composed of small round joints that are longer than 

broad. They are joined, as far as could be discerned, by simple sutures 

(Pl. m1, Fig. 2d). 

There is some doubt whether the form referred by Whitfield to P. 

asteriscus in the Geology of the Black Hills, and so figured and de- 
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too deep. Unfortunately there is no side view of the plates. 
Related forms.—This species is wholly unlike the other American 

forms. In the first place, it is much smaller than P. Whitei, and P. 

Bryant and has a distinetly different form from P. Whitei with which 

it has been hitherto confounded. In P. Whitei the reentering angle is 

made deeper and of different shape. Likewise the crenulations of the 

petaloid area of the joints are differently arranged. The joints them- 

selves are also relatively much thicker. 

Locality and geological horizon.—Reported by Meek and Hayden! 

“associated with other Jurassic fossils from the southwest base of Black 

Hills, and opposite Red Buttes, North Platte river,” the former in Da- 

kota, the latter in Nebraska. In the Check List of Invertebrate Fossils 
from the Jurassic, Meek also mentions Idaho and Colorado. Peale men- 

tions the occurrence of specimens in Idaho. . 

Collection—U.S. National Museum. 

PENTACRINUS WHITE! Clark. 

Plate m1, Figs. 4a—c. 

Pentacrinites asteriscus White, 1875. U.S. Geog. Survs. west of 100th Meridian, vol. 

4, 1875, p. 162, Pl. xu, Figs. 6a-b. 
?Pentacrinites asteriscus (?) Hall and Whitfield, 1877. U.S. Geol. Expl. 40th Parallel, 

vol. 4, pp. 280, 281, Pl. vi, Fig. 16. 

?Pentacrinites asteriscus Whitfield, 1880. Geology of Black Hills of Dakota, p. 345, 

Pl. 11, Figs. 1, 2. 

_ Determinative characters.—Calyx wanting. Column composed of 

large, thin, pentagonal joints that possess deep reentering angles. 

The crenulated ridges of the suture have a petaloid arrangement. Col- 

umn perforated by central canal. 

Dimensions.—Column: breadth of joint, 4 to 4 inch; length of joint, 

#5 Inch. y 

Description—In the volume upon paleontology of the quarto pub- 

lications of the U.S. Geological Surveys West of the One-Hundredth 

Meridian, Dr. White figures and refers a form to Pentacrinites asteriscus 

Meek and Hayden, that belongs evidently to another species. A com- 

parison by the writer of the specimens figured by Meek and Hayden 

and by White shows that the differences are too great to permit 

their reference to the same species. The name P. White’ is there- 

fore suggested for the new form in honor of the distinguished scientist 

who has done so much to advance our knowledge of American 

Mesozoic geology and paleontology. As with P. asteriscus only por- 

tions of the column of P. Whitei have been discovered. The outer side 

of the column is furrowed by deep reentering angles producing five 

prominent ridges at the salient angles. The joints are relatively thin, 

with rounded edges, so that the column does not appear compactly 

1 Paleontology Upper Missouri, p. 67. 
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formed from outward aspect (Pl. 111, Fig. 4c), <A distinetly petaloid 
arrangement of the crenulated ridges is exhibited (PI. rt, Figs. 4a, 4b). 

Hall and Whitfield refer to Pentacrinites asteriscus Meek and Hayden 

certain specimens collected by Hague in Nevada from “limestone of 

supposed Triassic age.” There is some doubt as to the identity of this 

form, though the description and figures render it probable that it 

should be referred to P. Whitei. 

The form figured and described,\by Whitfield from the Black Hills 

under the name P, asteriscus is, on account of the deep reentering angles, 

to be probably associated with P. Whitei. No side view of the joints is 

_given by which comparison may be made. : 

Related forms.—Separated from P. asteriscus, with which it has been 

hitherto confounded, by its larger size, deeper reentering angies, and 

relatively much thinner plates. 

Locality and geological horizon.—The type specimens of this form are 

from the Jurassic of Salt creek and Diamond valley, Utah. 

Collection.—U. 8. National Museum. 

PENTACRINUS BRYANI Gabb. 

Plate 11, Figs. 3a-. 

Pentacrinus Bryani Gabb, 1876. Philadelphia Acad. Nat. Sci. Proc., vol. 28, p. 178, 

Pi b-Figs. lo laorn: 

Determinative characters.—Calyx wanting. Column composed of 

moderately large, rather thick, pentagonal joints, with sharp reentering 

angles. The crenulated ridges are broadly petaloid and each area is 

rounded at its outer extremity. Column perforated by canal. 

Dimensions.—Column: breadth of joint, 3,.inch; length of joint, 

4 inch. hess 

Description.—Two small fragments of the stem of this form are 

described by Gabb in the Proceedings of the Academy of Natural 

Sciences of Philadelphia for 1876. As the only representative of this 

family reported from the American Cretaceous it possesses considera- 

ble interest. Thecolumn is composed of moderately large, thick joints, 

that in breadth reach quite one-quarter of an inch in diameter and 

about one-fifth of that in thickness. The broad rounded ridges at the 

salient angles of the pentagonal outline form a nearly unbroken line, 

while the furrow at the reentering angles is alternately depressed and 

elevated in successive joints. The edge of each joint is slightly rounded. 

The crenulated surfaces form five broad petaloid areas distinetly 

rounded at the outer extremities (Pl. 11, Fig. 3a) and unite near the 

inner edge of the reentering angles to form a double flat-topped ridge 

that reaches to the central canal, around which there is likewise a 
slight elevation. The crenulations are visible on the outer surface of — 

the column. The column is perforated by a central canal. 

Related forms.—As the only representative of this family in the 
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- Cretaceous, there is little among the American forms with which it 

= be compared, especially as the two Jurassic types previously 

‘described show marked differences in every particular. 

Locality and geological horizon.—The specimens described by Gabb 

and examined by the writer are from the yellow limestone of Vin- 

centown, New Jersey. The yellow limestone belongs to the middle » 

marl bed and is upper Cretaceous. 

Collections. Philadelphia Academy of Natural Sciences; Johns 

Hopkins University. 

ASTEROIDEA. 

OPHIURID &. - 

Body star-shaped, with central disk and elongated arms, which are 

distinctly separated from the disk. The ambulacral grooves are gen- 

erally covered with plates. 

OPHIOGLYPHA Lyman. ° 

OPHIOGLYPHA BRIDGERENSIS (Meek). 

Plate Iv, Figs. 2a-b. 

Ophioderma ? bridgerensis Meek, 1873. U.S. Geol. Sury. Territories for 1872, p. 475. 

Ophioderma ? bridgerensis White, 1883. U.S. Geol. and Geog. Surv. of the Terri- 

tories for 1878, pp. 8, 9, Pl. 12, Fig. 12a. 

Determinative characters.—Disk composed of numerous small imbri- 

cating plates. Upper arm plates wider than long, the outer angles 

sharp and extending between the side arm plates, which are slightly 

smaller. Under arm plates long and nearly rectangular in shape. 

Dimensions.—Diameter of disk, + inch. Length of arm, } inch. 

Width of arm near disk, 4; inch. 

Description.—The single specimen of this species thus far found is 

described in a foot-note to a list of specimens appended to the pale- 

ontological report of F. B. Meek in the Annual Report of the U.S. 

Geological Survey of the Territories for 1872, and redescribed and 

figured by Dr. C. A. White in the Annual Report for 1878 of the same 

organization. This specimen, which has been carefully examined by the 

writer, presents the upper surface of the disk and fragments of the five 

arms. Upon all but one fragment the upper and side arm plates are 

shown, while upon that a minute portion of the under surface of a single 

arm with the under arm plates and ambulacral openings is preserved. 

The disk is described by Meek as “‘depressed, nearly circular, show- 

ing on the dorsal side ten ovate-subtrigonal radial plates, that are joined 

together over the inner ends of the arms, so as to form five pairs.” A- 

close examination of the specimen shows that the disk is made up of 

numerous small imbricating plates, and that the supposed division into 
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ten, as mentioned by Meek, may be explained by the fractured condition 

of the poorly-preserved specimen. 

The arms are small, and are, as stated by Meek, perhaps ? inch in 

length, although none of them are preserved entire. The upper arm 

plates are wider than long, and hexagonal in form (Pl. Iv, Fig. 2b). 

The outer angles are sharp, and are embraced between the upper portions 

of the side plates. The latter are slightly swollen, but are not shown 

in their entire length. The lower arm plates are poorly preserved, but 

so far as exhibited are long and narrow, nearly rectangular in shape 

and slightly swollen in their central portions. 

Related forms.—There is some doubt as to the generic position of this 

species. So many of the distinctive characters are wanting that a defi- 

nite determination in that particular is quite impossible, but from the 

apparent structure of the disk, formed of numerous imbricating plates, ~ 

its reference to Ophioglypha seems probable. The only other form, 

O. texana, has a somewhat smaller and differently constructed disk 

so far as can be discerned, and both the upper and under arm plates 

are of different shape. : 

Locality and geological horizon.—This form is reported by Meek, from 

the “last foot of Bridger Peak, 4 miles north of Fort Ellis, Montana,” 

associated with undeterminable species of the genera Gryphwa, Avicula, 

Inoceramus, Crassatella, Pholadomya, Turritella and Gyrodes, that de- 

note the Cretaceous age of the strata. 

Collection.—U. 8S. National Museum. 
- 

OPHIOGLYPHA TEXANA Clark. 

Plate Iv, Figs. la-c. 

Determinative characters.—Disk round; composition indistinct. Arms 

long, with wedge-shaped under arm plates about as wide as long; up- 

per arm plates about twice as wide as long. 

Dimensions.—Diameter of disk, -+ inch; length of arm, 2 inches; 

width of arm at disk, ;, inch. 
Description.—The determination of this species is dependent upon 

three fairly well preserved forms that are grouped upon a single 

slab of limestone, all with the lower side exposed. The surface upon 

which they rest is considerably weathered, so that many of the details 

of structure have consequently suffered. The general form of the disk 

is preserved, though its composition can not be made out. In many in- 

stances the arm plates have disappeared, leaving only the skeletal pieces. 

Where preserved, the under arm plates are wedge-shaped and about as 

wide as long (Pl. tv, Fig. 1c). The upper arm plates, which are shown 
only as impressions upon the limestone, are nearly twice as wide as 

‘long, and have their lateral edges rounded (PI. Iv, Fig. 10). 

Related forms.—Although this form can not with certainty be referred 

to Ophioglypha, it possesses, however, many points of similarity te 
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the previous species, from which, on the other hand, it is separated by 
the different shape of the disk and of the under and upper arm plates. 

Locality and geological horizon.—The slab containing the specimens 

described is from the Denison beds of the Washita division of the Co- 

manche series (Lower Cretaceous), 6 miles north of Fort Worth, on the 

banks of Fossil creek. It is found associated with Ostrea quadriplicata 
Shumard, Stearnsia Robbinsi White, and Leiocidaris hemigranosus (Shu- 
mard). : 

Collection.—U. 8. National Museum. 

< STELLERID_. 

Body star-shaped or pentagonal, composed of a central disk and five 

prolongations of the same, called arms, that are portions of the body 

proper. Integument strengthened by calcareous plates irregularly ar- 

ranged. Ambulacral furrow uncovered. 

ASTERIAS Linneeus. 

ASTERIAS? DUBIUM Whitfield: 

Plate v, Fig. 2. 

Asterias? dubium Whitfield, 1877. Prelim. Rept. Pal. Black Hills, p. 15. 

Asterias? dubium Whitfield, 1880. Geol. Black Hills of Dakota, pp. 344, 345, Pl. 3, 

Fig. 3. 

Determinative characters.—Imperfectly preserved forms of small size, 

- with slender flexuous arms, apparently covered superiorly with longi- 

tudinal rows of plates. —. 
Dimensions.—Length of arms, # inch to 14 inches. 
Description.—This interesting but doubtful form is thus characterized 

by Whitfield: ‘The specimens are not in condition to afford a full de- 

seription of their specific characters. They are of small size, the rays 

being from three-fourths of an inch to one and one-fourth inches long, 

measuring from the center of the body. The rays are slender and flex- 

uous, most of them being more or less curved in their direction and 
elevated along the middle, as shown on a gutta-percha cast taken in a 

natural mold of a group of three individuals. The upper surface is 

subangular, and in structure they are apparently composed of small 

uniform plates, placed in longitudinal rows. The center of the body 

or disk is marked by an obscurely pentangular depression on the upper 

surface. None of the specimens show the under side of the body or 

» rays, so that the characters of these parts are entirely unknown. 

“The species appears to have been somewhat abundant, judging from 

the condition in which they are grouped on the sandstone, and, although 

the specimens are obscure and too imperfect for positive determination 

and description, it has been thought best to designate them by names, 

as they will undoubtedly prove a characteristic form over a certain re- 

rd 
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gion and of a limited horizon. The sandstone is marked by the layers 

in which they are found by ripple or wave marks, having a width of 

about 3 inches, and indicates a near proximity to a shore line over the 

area where they were obtained, and that the individuals are probably ~ 

stranded specimens. A single very imperfect impression of a lamelli- _ 

branchiate shell is present on the same fragments of rock, but too 

imperfect for determination.” . 
Related forms.—This very doubtful species scarcely admits of com- 

parison with other forms. There is nothing hitherto reported from 

American strata that can be closely associated with it. 

Locality and geological horizon.—This form is reported by Whitffeld 

as occurring “in red sandstones of Jurassic age, 70 feet above the red 

beds, on the east side of Spearfish creek, near its junction with the 
Redwater, Black Hills, Dakota.” 
Collection. U. S. National Museum. 

GONIASTER Agassiz. 

GONIASTER MAMMILLATA Gabb. 

Plate v, Figs. la-h. 

Goniaster mammillata Gabb, 1876. Philadelphia Acad. Nat. Sci. Proc., vol. 28, pp. 

178, 179, Figs. 2, 2a, 2b. 

Determinative characters.—Body pentagonal, provided with a dorsal 

and a ventral row of marginal plates that are narrower than high, and 
distinctly tumid on their outer surfaces. Only detached marginal 
plates preserved. : 

Description.—Gabb mentions the discovery of about thirty détached 

marginal plates of this species. They differ widely in shape by reason 

of their position upon the margin, but among those examined the ma- 

jority are higher than wide, and swollen on the outer surfaces. Certain 
of the plates show marked protuberances upon the general level of the 

plate (Pl. v, Figs. la, 1b). The surface of the plates is punetate, the 

small depressions being arranged in rows that cross one another at 

right angles (Pl. v, Fig. 1h). 

Related forms.—There are no American forms similar to this species 
with which it may be confounded, while the absence of all knowledge 
of the characters outside of a few marginal plates tengers wide com- 

parisons impossible. 

Locality and geological horizon.—Yellow limestone of. the middle 

mar! bed of the Cretaceous from Vincentown, New Jersey. 

Collections.—Philadelphia Academy of Natural Sciences; Johns Hop- 

kins University. 
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ECHINOIDEA. 

EUVECHINOIDEA. 

REGULARES. 

CIDARID. 

Test spheroidal. Ambulacral areas narrow, more or less flexuous, 
and covered only with very small tubercles. Interambulacral areas 

very wide, with two rows of large tubercles that bear the primary 

spines. The apical disk is composed of five genital and five ocular 

~ plates. 

CIDARIS Klein emend. Lamarck. 

CIDARIS SPLENDENS Morton. 

Plate vi, Figs. 3a-q. 

Cidaris (?) sp. Morton, 1829. Philadelphia Acad. Nat. Sci. Jour., Ist ser., vol. 6, p. 123. 

Echinus sp. Morton, 1830. Amer. Jour. Sci., Ist ser., vol. 17, p. 287; vol. 18, Pl. 11, 

Figs. 12, 13. 
Cidarites splendens! Morton, 1841. Philadelphia Acad. Nat. Sei. Proc., vol. 1, p. 152. 

Cidarites armiger Morton, 1842, Philadelphia Acad, Nat. Sci. Jour., Ist ser., vol. 8, 

py 215, Pl. a, Fig. 1. 
_Cidaris armiger Gabb, 1859. Cat. Invert. Fossils, Cretaceous Formation, p. 18. 

Cidaris splendeus Gabb, 1859. Cat. Invert. Fossils, Cretaceous Formation, p. 18. 

Cidaris armiger Clark, 1891. Johns Hopkins University Circulars, No.87, p. 75. 

Determinative characters.—Test of moderate size, spheroidal. Ambu- 

lacral areas narrow, flexuous, with four rows of granules between the 

pore pairs, the outer rows larger than the inner; imperfectly defined 

granules also appear between the pores of each pair. Interambulacral 

areas very wide, with seven or.eight plates in each column, each plate 

bearing a tubercle of large size, that is characterized by a wide circular 

areola, smooth boss, and small perforated mamelon. Miliary area 
small and covered with numerous thickly-set granules of small size. 

Sutures sharply defined, depressed. Spines elongated, cylindrical, 

with longitudinal rows of sharp denticulated processes. 

Dimensions.—Height, ~ inch; width, 13 inches. 
Description.—The first mention of this form is made by Morton in 

1829, when he doubtfully referred a few fragments to Cidaris without 

an attempt at specific determination. Several of the more important 

characters were then given, but as the material examined included only 

detached plates and a few spines the description necessarily lacked 

much of completeness. In 1841 Morton proposed the name Cidarites 

splendens and then more accurately defined the species. In 1842 he 

redescribed and now for the first time figured the same form as Cidars 

1 Morton doubtless intended to use the term splendens instead of splendeus, which is probably a typo- 

graphical error. In the publication of 1842, where armiger is substituted, the form splendens is used, 

Bull. 97-——3 
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ites armiger, a name which he stated he desired substituted for C. 
splendens. Gabb, in his Catalogue of the Invertebrate Fossils of the 
Cretaceous Formation of the United States, employs both names, mis- 

taking them for independent species, although C. splendens is referred 
to as C. splendeus. The specimens examined by the writer are chiefly 

detached plates, and in no instance is the entire test preserved, as in 

the figure given by Morton. Two entire, or nearly entire, interambu- 

lacral areas, with part or all of the adjoining ambulacra, are among this 

material (Pl. vi, Fig. 3a). In these specimens the oral side is slightly 

more depressed than the aboral, although not to the extent exhibited 
in Morton’s figure. The ambulacral areas, which are narrow and flex- 

uous, have, between the poriferous avenues, four granules. In the 

center of each column of plates these granules are approximately of 

equal size, the outer rows slightly larger, but toward the disk or toward - 
the mouth opening the inner rows rapidly diminish in size and finally 

disappear. The pores are oval in shape, with funnel-like openings ex- 

teriorly. Each row of pores is separated from that which accompanies 

it in the same avenue by a row of imperfectly defined granules that 

form an undulating ridge (Pl. v1, Fig. 3c). 
The interambulacral areas are very wide and bear large tubercles, 

each of which covers the greater portion of its respective plate (Pl. V1, 

Fig: 3b). Upon the larger plates, in the center of each column, the are- 

olas are circular, but become somewhat oval toward both disk and mouth 

opening. The outer edge of each areola is surrounded by a circle of 

large granules that give it a crenulated appearance. The areola rises 

from its depressed margin, gradually at first, then rapidly, to the boss, 

which reaches a marked elevation above the general level of the plate. 

The boss is of moderate width and smooth. From its center rises the 

mamelon, which is small, perforated, and slightly flattened upon the 

upper surface (Pl. v1, Fig. 5d). The miliary space is covered by small 

granules, that are most numerously developed along the median line of | 

the interambulacra. 

None of the specimens afford the apical disk. Strong auricule show 

the presence of powerful jaws. 

The spines are slender, elongated, cylindrical, with longitudinal, ser- 

rated ribs that gradually become obsolete toward the base (PI. VI, 
Fig. 3e). The colJar is short and finely striated longitudinally (PI. V1, 
Fig. 3f). The acetabulum is bordered by a smooth margin and is per- 

forated in the center (Pl. v1, Fig. 39). 

Related forms.—In many particulars Cidaris splendens (Morton) shows 

points of comparison with C. serrata Desor of the European Cretaceous, 

but the American species differs from it in its smaller miliary areas and - 

higher areolas, and also in the presence of only four rows of granules 

between the poriferous avenues. 

Locality and geological horizon.—This species is reported by Morton 

from Timber creek, New Jersey, which establishes the horizon as that 
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of the yellow limestone of the middle marl bed (upper Cretaceous). 

It has also been found by the writer near Vincentown in the same 

formation. 

Collections.—Philadelphia Academy of Natural Sciences; Johns Hop- 

kins University. 

CIDARIS TAYLORENSIS Clark. 

Plate vi, Figs. 2a-b. 
= 

_Determinative characters.—Test small. Interambulacral areas wide. 

Tubercles large, with circular areolas, much depressed marginally; 

boss crenulated; mamelon perforated. Miliary space narrow. Spines 

long, cylindrical, covered with small granules arranged in longitudinal 

rows. 
Dimensions.—Test undetermined. Spines: length 14 inches (?); width 

in broadest portion, ;3; inch. 

Description.—The fragments of this form, although they admit of 

determination of but few of the important characters, warrant specific 

description from the fact that they are totally distinct from the only 

other representative of Cidaris from the Jurassic rocks of America. 

The small fragments of the interambulacral area and the spine occur 

together and doubtless formed part of the same individual. The inter- 

ambulacral plates, of which only portions are preserved on the specimen 

figured, indicate a form of no great size (PI. v1, Fig.2a). The tubercles 

are large, with depressed areolas surrounded by a circle of large gran- 

ules. The boss is crenulated and the mamelon perforated. The miliary 

space is apparently narrow, the tubercles of adjacent plates in the same 

column being nearly confluent. 

The spine is long, gently tapering toward the base in the portion 

preserved, and covered with longitudinal rows of small granules (PI. 
vi, Fig. 2b). 

Related forms.—As the Jurassic strata of North America afford few 

fossil Echinodermata as compared with the Cretaceous, there are not 
many American types with which the present form may be compared. 

Cidaris california, , the only other representative of this genus thus 

far reported, has no portion of the test preserved, so that the comparison 

is limited to the spines. In C. taylorensis the spines are long and 

eylindrical, while in C. californicus they are short and thick set, and 

there is a totally different surface decoration. 

Locality and geological horizon.—This species js known only from the 

Jurassic strata of Taylorsville, California. 

Collection —U. S. National Museum. 
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CIDARIS CALIFORNICUS Clark. 

Plate vi, Figs. la—b. 

Determinative characters.—Test unknown. Spines large, club-shaped, 

with rows of large granules that coalesce to form longitudinal ridges 

which extend from neck to point of spine. 

Dimensions.—Spine: length, { inch;. breadth in thickest part, ;3; inch. 

Description—This species is based upon detached spines, four_or 
five specimens of which are afforded in material from Taylorsville, 
California. They are distinctive in every way, and can not be mis- 

taken, even in fragments. The specimens examined occur as casts, but 
so well preserved that impressions in gutta-percha, from which the 

drawings were made, show the characters completely. Each spine has 

a short narrow neck, beyond which it rapidly increases in size so as to 

give a club-shaped outline to the middle and upper portions. Rows of 

longitudinal granules cover the surface from the neck to the point of 

the spine, presenting the appearance of long serrated “nee (Pl. vi, 

Figs. la-b). 

Related forms.—Separated from C. taylorensis by its club-shaped 

form and surface characters. 

Locality and geological horizon.—This species is found in Jurassic 

strata at Taylorsville, California. 
Collection.—U. 8. National Museum. ) 

CIDARIS TEXANUS Clark. 

Plate vu, Figs. la-e. 

Cidaris texanus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75. 

Determinative characters.—Test large, inflated: Ambulacral areas 

narrow, sinuous, with four rows of granules between the poriferous 
avenues, which at the ambitus are increased to six and toward the apical 
disk and mouth opening are reduced to two rows. Pores oval, sepa-- 

rated by transverse elevations, which partially envelop the openings. 

Interambulacral areas wide, with large circular tubercles. Areola cir- 

cular, depressed; boss smooth; mamelon small, p - therated. Miliary 

space wide, covered with numerous small g spsiweiless a 

Dimensions.—Height, 14 inches; width, 24 inches. 

Description.—A large portion of the test of this beautiful species is 

in an excellent state of preservation. All of the characteristic features, 
with the exception of those relating to the apical disk and mouth edges, 

are clearly shown. The test, however, is somewhat compressed, so 

that the original form can not be with certainty made out. The am- — 

bulacral areas are narrow and slightly flexuous. Between the porifer- 

ous avenues, which are narrow and depressed, are four rows of granules 

of nearly equal size which directly at the ambitus are increased to six, 
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while toward both apical disk and mouth opening they are reduced to 

two. Irregularly scattered among the rows of granules are others 

smaller in size. The pores are oval and separated by transverse ele- 

vations that partially encircle the openings, leaving a depression 

‘between each pair (PI. vit, Fig. 1¢). 

The interambulacral plates are wide and bear large circular tuber- 

cles (PL. vu, Fig. 1d). The areola of each tubercle is radially ridged, 

deeply depressed, and surrounded by a row of mammilated granules, 

The boss is slightly elevated above the level of the plate, and presents 

a smooth and sharp ridge around the small perforated mamelon (Pl. v1, 

Fig. le). The miliary space is wide and thickly set with small elevated 

granules of equal size. The apical disk and mouth edges are lacking. 
Related forms.—At first sight this species shows strong points of 

similarity with C. sceptrifera Mantell from the White Chalk of England, 

although the arrangement of granules in the ambulacral area is differ- 

ent. The areola of C. sceptrifera is described as smooth, while that of 

C. texanus is clearly ridged radially. The only related form reported 

from Texas is Leiocidaris hemigranosus, formerly referred to Cidaris, btt 

which, as will be shown, does not belong to that genus. Cidaris Bran- 
neri, from Brazil, described by White, is allied to C. texanus, although 

presenting differences in the character of the areola and arrangement 

of granules in both the ambulacral and interambulacral areas. 

Locality and geological horizon.—This form is found in the Washita 

formation of the Comanche series (lower Cretaceous) of Bexar county, 
Texas. 

Collection.—U. 8S. National Museum. 

CIDARIS WALCcoTTI Clark. 

Plate vi, Figs. 4a-d 

Cidaris Walcotti Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75. 

Determinative characters.—Test small, inflated. Ambulacral areas 

Narrow, sinuous, with four rows of granules between the depressed 

poriferous avenues. Interambulacral areas broad; each tubercle with 

depressed circular areola, smooth boss and small imperforate mamelon. 

Miliary space wide, thickly covered with small granules. 

Dimensions.—Height, 1 inch (7). Width, 14 inches (?). 
Description.—The fragments of this form examined are sufficiently 

_distinetive to separate it from other species. A nearly complete inter- 

ambulacral area, with the adjoining ambulacra, shows that the test of 

the species is small and in a marked degree inflated (P1. v1, Fig. 4a). 

The ambulacral areas are narrow, slightly sinuous, and provided with 

four nearly equal rows of granules between the poriferous avenues (PI. 

Vi, Fig. 4c). At times additional granules are irregularly interspersed. 
The poriferous avenues themselves are narrow, deeply depressed, and 

Slightly sinuous. The pores are round, with funnel-shaped openings, 
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produced by the intersecting ridges. These ridges, which separate the 

individual pores and the pore pairs, give a lattice-like appearance to 

the poriferous zones. 

‘The interambulacral plates are moderately large. On account of the 

indistinetly marked sutures the small tubercles and numerous granules 

cause a very even surface over the entire interambulacral area (PI. VI, 

Fig. 4b). Thetubercles are circular and stand nearer the outer margin 

of the plates than the inner. The areolas are deeply depressed, the 

central portion but slightly exceeding the margin in height. The boss 

is smooth and stands but little above the level of the plate. The mame- 

lon is imperforate (Pl. v1, Fig. 4d). The wide miliary space is covered 

with a large number of irregularly arranged granules of equal size. 

The broken specimens afford no information as to the character of the 

apical disk or mouth edges. 

Related forms.—This species is very readily separated from C. splen- 

dens, the only other representative of this genus thus far reported from 

the Atlantic Coast Cretaceous, in possessing imperforate -mamelons 

and wide miliary spaces, over which the granules are regularly scat- 

tered. The even surface of the test is likewise a distinguishing feature. 

Locality and geological horizon.—The specimens of this form examined 

by the writer were found associated with C. splendens in the yellow 

limestone of the middle marl bed (upper Qretaceous), of Timber creek, 
New Jersey. 

Collection.—Philadelphia Academy of Natural Sciences. 

LEIOCIDARIS Desor. 

LEIOCIDARIS HEMIGRANOSus (Shumard). 

Plate vil, Figs. 2a-d. Plate vit, Figs. la-b. Plate rx, Fig. la-e, 

Cidaris hemigranosus Shumard, 1860. St. Louis, Acad. Sci. Trans., vol. 1, p. 609. 

Cidaris hemigranosus Meek, 1864. Smiths Misc. Coll. (vol. 7, 177), p. 2. 

Cidaris hemigranosus White, 1883. U.S. Geol. and Geog. Surv. of the Territories, 12th 

Ann. Rept. for 1878, p. 38, Pl. 18, Figs. 2a-b. 

Leiocidaris hemigranosus Clark, 1891. Johns Hopkins University Circulars, No. 87, 

p. 75. 

Determinative characters.—Test very large, subspherical. Ampbula- — 

eral areas narrow, sinuous, with six rows of granules in the middle. 
Poriferous avenues wide, deeply depressed. Pores of each pair united 

by clearly defined furrow. Interambulacral areas broad. Tubercles 

very large; areola circular or slightly polygonal, depressed; boss 

smooth; mamelon large, perforated. Miliary space covered with large 

seattered oval granules. Sutures clearly marked, depressed. 

Dimensions.—Height, 24 inches; width, 33 picts’ 

Description.—This inoa which was ae fully described by Shumard 

in 1860, but not figured, was incorrectly referred to the genus Cidaris, 
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from which it is separated by the presence of furrows uniting the pores 

ofeach pair. In this respect itis a typical representative of the genus 

Letocidaris of Desor. A very good illustration is given by Dr. White 

in the Twelfth Annual Report for 1878 of the U.S. Geological and Geo- 

graphical Survey of the Territories, although necessarily, from the size 
of the figure, the furrows connecting the pores are not very distinctly 

shown. This species is the largest echinoid known from the Texas 

‘Cretaceous, and, with possibly a single exception, the largest from the 

American Mesozoic. In one unusually fine specimen obtained from 

Prof. R. T. Hill the test is subspherical, although considerably broader 
and more flattened on the oral than aboral side.! 

The ambulacral areas are narrow and sinuous, with six rows of gran- 

ules between the poriferous avenues (PI. vir, Fig. 2b). The regular 
arrangement of the granules is not persistent, the number being: in- 

~ ereased irregularly near the middle of the column and somewhat reduced 

toward the apical disk and the mouth opening. The poriferous avenues 

are wide and deeply depressed, the pores of each pair being united 

by a shallow furrow. 

- The interambulacral areas are wide and the plates of massive size 

(Pl. vu, Fig. 2a). The tubercles occupy the center of the plates and 

are large and prominent. The areolas are deeply depressed, subecir cu 

lar or slightly polygonal, and occupy more than half of the greatest diam- 

eter of the plates. On all the specimens examined the areolas show 

pertectly smooth surfaces, although Shumard mentions the occurrence of 

radiating ridges. ‘Toward the center each areola rises to form the boss, 

which is provided marginally with a sharp smooth ridge. The mam- 

elon is large, subspherical, with a deep perforation upon its summit (PI. 

vu, Fig. 2c). The miliary space is wide and covered with large, irreg- 

ularly-shaped and flattened granules, some round and some oval in form. 

Interspersed among these are much smaller granules, which inerease in 

number along the margin of the plates. The apical disk and mouth 

> 

edges are wanting. 
Related forms.—This species is readily separated from any hitherto 

described from American or European strata. Its characters are well 

defined and distinctive. 

Locality and geological horizon.—Shumard says that it is found “in the 

Washita limestone [Comanche series (lower Cretaceous)|, forming the 
upper part of the Bluff of Red river, Lamar county, and 10 miles above 

the mouth of Kiamesha creek, at both localities associated with Ostrea 

quadriplicata.” This places it in the Denison beds. It has only been 

reported from Texas. 

Collections.—U. 8. National Museum; Prof. R. T. Hill. 

1A muc h more perfect spec imen n (PL. 1x, Figs. la—c) has been examined by the writer since the above 

description was prepared. 
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SA LENID A. 

Test spheroidal or depressed. Ambulacral areas narrow, straight 

or flexuous; poriferous zones narrow; pores round, unigeminal, often 

increased in number toward the mouth opening. Interambulaeral areas 

broad, with two rows of primary tubercles. Apical disk large and 

prominent. Mouth opening large, with incisions at regular intervals. 

Anal opening eccentric. 

SALENTA Gray. 

SALENIA TEXANA Credner. 

Plate x, Figs. la-h. 

Cidaris diatretum Giebel, 1853. Jahresber. d. Naturw. Vereins in Halle, 1852, p. 374, 

Pl. 7, Fig. 2. . 
Salenia terana Credner, 1875. Zeitschr. f. d. Ges. Naturw., XLVI, pp. 105-116, Pl. v, 

Figs. 1-6. 
Salenia texana Clark, 1891. Johns Hopkins University Cirenlars, No. 87, p. 75. 

Determinative characters.—Test subglobose; upper surface convex; 

sides inflated; under surface flat. Ambulacra narrow, flexuous, with 
“two rows of mammillated granules in each area; poriferous zones flexed ; 

pores unigeminal. Interambulacral areas wide, with two rows of alter- 

nating plates, six in each row. Apical disk large, convex, subcircular; 
anal opening prominent. Mouth opening moderately large. 

Dimensions.—Height, ? inch; transverse diameter, 1 inch. 

Description.—Credner in the Zeitschrift fiir die gesammten Natur- 
wissenschaften zu Berlin for 1876 presents the first complete diagnosis 

of a North American Mesozoic echinoid, in the detailed deseriptions 
accorded the present species. Its reference by Professor Giebel in 

1852 to Cidaris diatretum (= Pseudodiadema diatretum) is shown from 

the carefully prepared specimens to have been erroneous. 

The test is subspherical when complete, but in the specimens exam- 

ined is generally somewhat flattened, both actinally and abactinally. 

The lower surface is slightly concave in the vicinity of the mouth open- 

ing. Thesides are inflated, presenting a rounded surface which is fuller 

above than below (PI. x, Fig. 1c). 
The ambulacral areas are narrow, increasing gradually in width from 

the apical disk to the mouth opening. Two rows of mammillated gran- 

ules, twenty-four to twenty-six in each, occupy the middle of each area. 

Very minute granules extend in a line between the rows and in the 

vicinity of the mouth opening surround the larger granules themselves. 

The poriferous zones are narrow and flexuous and the pores are regu- 

larly arranged in a unigeminal series; near the mouth opening they 

are slightly more crowded. The most pronounced flexure is opposite 

the second, interambulacral plate from the apical disk. Toward the 

mouth opening the zones become nearly straight (Pl. x, Figs. le, 1/). 
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The interambulacral areas are broad, and formed of two alternating 

— rows of broad plates, six in each row (PI. x, Fig. 1d). The tubercles 

increase rapidly in size from the mouth edges, where they are scarcely 

- larger than the mamillated granules of the ambuwlacral areas. The 
-areolas are large, and surrounded by mamillated granules of various 

sizes, that are crowded together along the inner edge of the plates. 

Between the larger granules are numerous minute granules. The are- 

ola rises to a prominent boss, that is deeply crenulated, and bears an 

imperforate mamelon (PI. x, Fig. 1h). 

The apical disk is very large, convex, subcircular, with radiating 

ridges that extend from the ovarial openings of each plate and unite 

swith similar ridges of adjacent plates. Small punctures are found at 

the angles of the plates and intermediate between them (PI. x, Fig. 1g). 
The subanal plate is situated before the anal opening, and occupies the 

center of the disk. The anal opening is subelliptical, rounded anteri- 

orly, angular posteriorly, and slightly elevated at the border, 

The under surface is flat and the mouth opening large, covering 

nearly one-half the diameter of the test. The mouth opening is cir- 

ewar, with ten incisions upon the edge that divide it into nearly equal- 

sized lobes (Pl. x, I'ig. 1d). 

} Related forms.—Credner, in discussing the affinities of this form, con- ‘ 
 siders it to be closely related to Salenia petalifera Detr., and S. Desori 

Wright. It is somewhat more elevated than S. petalifera, and the 

radial ridges on the apical disk are jess pronounced on the latter than 

on the former. The ocular plates also enter less compactly into the 

composition of the disk in the latter species. In S. Desori, on the other 

hand, there is a wider difference, both in the character of the test 
plates and the decorations of the apical disk. With S. seutigera Gray 
it also shows some points in common. 

Locality and geological horizon.—This form is from Cileola, Co- 

manche spring, Texas, in the Washita formation of the Comanche 

series (lower Cretaceous). 

Collections.—U. S. National Museum; Boston Society of Natural 

History. 

‘ 

SALENIA TUMIDULA Clark. 

Plate x1, Figs. la-). 

Salenia tumidula Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75. 

_ Determinative characters.—Test small, subglobose; outline of upper 

surface regularly convex. Ambulacral areas narrow, nearly straight, 

with two rows of mammillated granules between the pore pairs; porifer- 

ous zones slightly flexed; pores unigeminal. Interambulacral areas 

wide, composed of two alternating rows of five or six plates. Apical 

disk large, regularly convex, subcircular; anal opening slightly ele- 

vated. Mouth opening small. 

Dimensions.—Height, 3 inch; transverse diameter, 4 inch. 
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Description—The perfectly preserved specimens of this beautiful 

species admitof a determination of all the details of structure. 

The general form of the test is subglobose. The sides are inflated 

and regularly curved, rising into a convex upper surface, from which 

the anal opening projects but slightly (Pl. x1, Fig. le). The lower sur- 

face is quite flat, and toward the mouth opening slightly depressed. 

The ambulacral areas are rather broad, increasing in width from the 

apical disk to the mouth edges (PI. x1, Fig. lf). Extending along the 
center of each area are two rows of mammillated granules, fifteen or 
sixteen in each row, between which are other minute granules. The 

poriferous zones,are narrow and nearly straight; the pores round, 

regularly arranged in a unigeminal series, and largest in the middle of 

the column. = 

The interambulacral areas consist of two rows of alternating plates, - 

five or six in each row (PI. xt, Fig. 1d). The larger tubercles diminish 

rapidly in size toward the mouth edges, and are very indistinct on the 

plates bordering the same. Each areola is large and circular, the boss 

crenulated, and the mamelon flattened and imperforate (Pl. x1, Fig. 1)). 
The miliary space is bordered with oval granules of irregular size and 

arrangement, although most numerous between the rows of tubercles. 

The sutures of the plates are very indistinctly marked. 

The apical disk is prominent, subcircular, with a regularly curved con- 

vex surface, from which the anal aperture projects but slightly. The 

granular decorations of the surface often coalesce and appear as broken 

ridges extending radially from the five openings in the genital plates 

(Pl. x1, Fig. 1g). The anal opening is oval, slightly pointed below, and 

projects but slightly above the level of the apical disk. It is bordered 

by a flange-like edge that is formed of tlhe anal and two genital plates, 

The mouth opening is small, occupying scarcely two-fifths of the diam- 

eter of the test. Ten incisions divide the edge into lobes, the ambu- 
lacral lobes projecting the farther (Pl. x1, Fig. 17). 

Related forms.—The identity of this species is readily established by 

the straight poriferous zones and peculiar decorations of the apical 

disk, The number of mammillated granules in the ambulacral areas is 

less than in 8. texana, while the oval granules of the interambulacral 

areas are readily distinguishable from the round forms of S. bellula. 

The anal aperture also projects far less than in S. terana, although 

in this respect it is not unlike S. bellula. 

Locality and geological horizon.—This species is from the yellow lime- 

stone of the middle marl bed (upper Cretaceous) of Timber creek, New 

Jersey. 

Collection.—Philadelphia Academy of Natural Sciences; Johns Hop- 

kins University 
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SALENIA BELLULA Clark. 

Plate x1, Figs. 2a-q. 

Salenia bellula Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75. 

Determinative characters.—Test small, compressed, cireular; upper 

surface convex; sides inflated; under surface flat. Ambulacral areas 

rather broad, nearly straight, with two rows of granules in each row; 

poriferous zones broad, very slightly flexed; pores round, unigem- 

inal. Interambulacral areas wide. Apical disk convex and nearly 

eircular. Mouth opening small. 

Dimensions.—Height, $ inch; transverse diameter, 2; inch. 

Description.—This Salenia is a very rare form, only a few specimens 

having come under the notice of the writer, yet from certain peculiari- 

ties of outline and structure it is not to be confounded with other species 

heretofore described. 
In general outline the test is somewhat flattened; the upper surface 

is regularly convex, the sides are inflated, the lower surface is flat or 

Slightly concave at the mouth opening. 

The ambulacral areas are prominent and change but slightly in width 

from the apical disk to the mouth edges. Two rows of mammillated 

granules, fifteen in each, occupy the center of each area. 
The interambulacral areas are wide and consist of two rows of alter- 

nating plates, five or six in each. The tubercles are prominent, but 

decrease rapidly in size toward the mouth edges. The areola is of mod- 

erate size, the boss narrow and indistinctly crenulated, and the mam- 

elon small, flattened, and imperforate (Pl. x1, Fig. 2g). An indistinet 
circle of mammillated granules surrounds each tubercle. They unite to 

form a sinuous double series between the rows of tubercles. Between 

the larger granules are scattered irregularly numerous small granules 

that are crowded together along the central line of the interambulacral 

area (Pl. x1, Fig. 2d). 
The apical disk is slightly convex, the anal opening interfering but 

little with the regularity of the curved surface. The anal opening is 

subcireular, with a flange-like rim. The plates are decorated with 

oval granules that are arranged in radial rows extending from the 

_ opening of each genital plate and unite with corresponding rows of ad- 

jacent plates at the suture (PI. x1, Fig. 2/). 

The mouth opening is small, being but one-third of the transverse 

diameter of the test. Ten weak incisions divide the edges into lobes 

that are nearly of equal size (PI. x1, Fig. 2b). 

Related forms.—This species is quite distinct from Salenia texana or 

S. tumidula, and at the same time does not admit of reference to any of 

the European species. It is most closely related to S. tumidula, but is 

more compressed, has a differently shaped and decorated apical disk, 

and has round and mammillated granules in the miliary space, while 

those of 8. tumidula are characteristically oval. 



44 MESOZOIC ECHINODERMATA OF THE. UNITED STATES. — (svt. 97. 

Locality and geoiogical horizon.—This species, like S. tumidula, is 

only found in the yellow limestone of the middle marl bed (upper Cre-. 

taceous) of Timber creek, New Jersey. 

Collections.—Philadelphia Academy of Natural Sciences; American — 

Museum of Natural History, New York. 

DIADEMATID 2. 

Test more or less spheroidal. Ambulacral areas broad, at times ap- 

proaching the interambulacral in width. The ambulacral plates are 

generally compound; the pores unigeminal, increasing oftentimes in 

the vicinity of the peristome. The mouth opening is large, with deep 

incisions, and provided near the margins with well-developed auricule, 

The spines are frequently large and variable in shape. 

HEMICIDARIS Agassiz. 

HEMICIDARIS INTUMESCENS Clark. 

Plate x11, Figs. lai. 

Determinative characters.—Test spheroidal, upper surface inflated, 

lower surface flat. Ambulacral areas moderately broad, increasing in 

‘width from the apical disk to the mouth edges. The tubercles at the 

peristome are nearly equal in size to those of the interambulacral areas, 

but become greatly reduced in passing from the ambitus to the apical 

disk. Interambulacral areas rather wide, with two rows of large tuber- 

cles. Miliary space wide, covered with numerous granules. Mouth 

opening moderately wide, with deep incisions. ; 

Dimensions.—Height, 4 inch; transverse diameter, 3? inch. 

Description.—The very perfectly preserved molds of this species permit 

_ the taking in gutta-percha of all the details of form and structure. As 

the only representative of this genus in American deposits it possesses 

considerable interest. The test is of moderate size, with a convex and 

slightly inflated upper surface and nearly flat lower surface. The 

slightly flexuous ambulacral areas broaden from the region of the api- 

cal disk toward the ambitus and slightly contract again before the 

peristome is reached. The tubercles are prominent in the lower part 

of the column, where several pairs attain a size nearly equal to those 

of the interambulacral areas. Minute perforated granules succeed them 

above and continue as a double row to the apical disk. The poriferous 

zones are slightly flexuous, and the small pores are unigeminally ar- 

ranged, although somewhat increased in the vicinity of the mouth 

edges. 

The interambulacral areas are from three to four times the width of 

the ambulacral at the ambitus. The two rows of medium sized tuber- 

cles occupy the center of the plates; the areola is circular and slightly 

elevated; the boss deeply crenulated, and the mamelon distinctly per- 
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 forated. There are about eight primary tubercles in each row. The 

apical disk is rather large, although not sutticiently well preserved to 
admit of a determination of the individual plates. 

- The mouth opening is small and occupies scarcely one-half of the di- 

ameter of the test. It is deeply notched, the lobes being nearly equal 

in size. 

Related forms.—The present species of Hemicidaris is the only repre- 

sentative of the genus known from American deposits. A comparison 

~ with European species fails to identify it with any described forms. 

Locality and geological horizon.—This species is from the Jurassic 
_ strata of Taylorsville, California. 

Collection.— U.S. National Museum. 

PSEUDODIADEMA Desor. 

PSEUDODIADEMA EMERSONI Clark. 

Plate x11, Figs 2a-e. 

Determinative characters.—Test circular, depressed. Ambulaeral 

areas Straight and prominent; poriferous zones narrow; pores unigemi- 

nal. Interambulacral areas not quite twice the width of the ambu-, 

lacral, with two rows of large tubercles, eight or nine in each row. 

Mouth opening wide. 

Dimensions.—Height, 4 inch; transverse diameter, ? inch (?). 

Description—The beautifully preserved molds of this interesting 

form were collected by Prof. Hyatt from the Jurassic beds of Taylors- 

ville, California. The gutta percha casts from which the drawings 

were made represent very perfectly all the details of structure. The 

test is nearly circular, the prominent ambulacral areas giving it a 

slightly subpentagonal outline. The ambulacral areas are rather more 

than one-half the width of the interambulacral, and support two rows 

of primary tubercles somewhat smaller than the interambulacral 
tubercles. There are nine or ten in each row. Between the tubercles 

are numerous granules that are arranged in an undulating line between 

the rows and along the margin. They nearly disappear between the 

tubercles of the same series. Toward the apical disk the tubercles are 

greatly reduced in size. The pores are unigeminal, there being three 

or four opposite each ambulacral plate. 

_ Theinterambulacral areas bear two rows of primary tubercles, eightor 
ine in each, that are only slightly larger than those of the ambulacral 

areas. They increase from the peristome to the ambitus, after which 

they rapidly decrease in size. The areolas are nearly confluent above 
and below, broader than long, and rise into prominent bosses that are 

not deeply crenulated. The mamelon is distinetly perforated. The 

mniliary space is covered with granules of different sizes. There are no 

secondary tubercles developed near the mouth opening. The lower sur- 
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face is flat, the mouth opening large and deeply notched; the ambu- / 

lacral lobes larger than the interambulacral. The apical disk is not— 

preserved. 5 ae 

Related forms.—As theonly Pseudodiadema in the Jurassic of America 

itis unique, while its identity with any European form is very doubtful. 

It closely resembles P. Baileyi, from England, in many particulars, 

but it is a less depressed form, with more rounded sides and more 

numerous granules in the miliary space. 

Locality and geological horizon.—This species is found in the Jurassic 

beds of Taylorsville, California, and is named in honor of Prof, B. K. 

Emerson, of Amherst College, from whom the writer received his first 

instructions in geology and paleontology. 

Collection.—U, 8S, National Museum. $ 

PSEUDODIADEMA DIATRETUM (Morton), 

Plate x11, Figs. la-f. 

-Cidaris diatretum Morton, 1833. Am. Jour. Sci., Ist ser., vol. 23, p. 294. 

- Cidarites diatretum Morton, 1834, Synop. Organ. Remains, Cretaceous, p. 75, Pl. 10, 

Fig. 10. 

Cidaris diatretum Bronn, 1848, Index Pal., vol. 1, p. 298. 

- Pseudodiadema diatretum Desor, 1858. Synopsis des Echinides fossiles, p. 73. 

. Cidaris diatretum Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18. 

« Pscudodiadema diatretum Cotteau, 1862-67. Paléont. frangaise, vol. 7, p. 519, - 

-Pseudodiadema diatretum Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 2. 

Pseudodiadema diatretum Conrad, 1868. Geol. of N. J., Appendix, p. 722. 

Cidaris clavigera Credner, 1870. Zeitschr. d. deutsch. geol. Gesells., vol. 22, p. 218. 

Cidaris sceptrifera Credner, 1870. Zeitschr. d. deutsch. geol. Gesells., vol. 22, p. 218. 

Pseudodiadema diatretum Clark, 1891. Johns Hopkins University Circulars, No. 87, 

p. 75. 

Determinative characters.—Test circular, convex above, concave be- 

low, sides inflated. Ambulacra wide, sinuous, with two rows of tuber- 
cles, that are large at the ambitus and decrease toward the poles; 
poriferous zones narrow, sinuous. *Interambulacra with two rows of 

primary tubercles and several irregular rows of secondary tubereles. 
Mouth opening narrow, about one-third the diameter of the test. 

Dimensions.—Height, $ inch; transverse diameter, 14 inches. 

Description.—The specimens of this species vary greatly in size, the 

full-grown forms being moderately large. ‘The testis circular, depressed, - 

slightly convex above, concave below. The sides are inflated (PI. XIII, 

Fig. 1b). 

The ambulacral areas are wide, slightly raised, and furnished with 

two rows of tubercles, thirteen to fourteen in each row. They are 

large and prominent at the ambitus, but decrease gradually toward 

the poles. The broad areolas, that are sharply depressed in their mar- 

ginal portions, are striated by faint radial ridges on the outer sides. 

At the upper and inner angle of each plate is a small secondary tuber- 

cle, while irregularly scattered over the other portious of the plates are 

a 
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smaller tubercles, and between them minute granules. The poriferous 

Zones are slightly flexed, the pores of each plate being disposed in 

- curved form about the margin (PI. xu, Fig. 1d). Although there are 
- generally three pairs of pores on each plate, four pairs are not infre- 
quent near the ambitus (Pl. xt, Fig. Le). 

The interambulacral areas are about one and one-half times the width 

_ of the ambulacral, and have two rows of tubercles somewhat larger than 
those of the latter. There are, in addition, several irregular rows of 

- secondary tubercles, of various sizes, that are most numerous between 

the rows of primary tubercles and the poriferous zones. Sparsely 
scattered over the interambulacral space are flattened granules (PI. 
X11, Fig. 1¢). 

The primary tubercles of both the ambulaeral and interambulacral 

areas have wide circular areolas, elevated and deeply crenulated bosses, 

and distinctly perforated mamelons (PI. x11, Fig. 1 /). 

The mouth opening is narrow, reaching scarcely one-third the diame- 

ter of the test. The incisions of the margin are weak (P1. x1, Fig. 1a). 
The discal opening is subpentagonal. 

Related forms.—This species resembles in some particulars Pseudo- 

~diadema ornatum Goldfuss, of the Cretaceous of Europe, but the latter 
form has a different arrangement of the secondary tubercles and gran- 

ules and lacks the radial striation upon the areolas. 

Locality and geological horizon.—Pseudodiadema diatretum is from 

the yellow limestone of the middle marl bed (upper Cretacous) of Tim- 

ber creek, New Jersey. 

Collections.—Philadelphia Academy of Natural Sciences; American 

Museum of Natural History, New York. 

i + 

£ PSEUDODIADEMA TEXANUM (Roemer). 

Plate x11, Figs 2a-b. Plate xtv, Figs. la-g. 

*Diadema texanum Roemer, 1852. Die Kreidebildungen von Texas, p. 82, Pl. 10, Fig. 5. 

- Pseudodiadema teranum Desor, 1858. Syrp. des Echinides fossiles, p. 72. 

Diadema texanum Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 

Pseudodiadema texanum Meek, 1864. Smith Misc. Coll. vol. 7 (177), p. 2. 

Pseudodiadema Roemeri Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75. 

—  Determinative characters.—Test small, circular, depressed; sides in- 

-flated; upper and lower surfaces about equally flattened. Ambulacra 

narrow, with two rows of primary tubercles, eleven or twelve in each row; 

‘poriferous zones narrow, pores unigeminal. Interambulacra wide, with 

two rows of primary tubercles of larger size than those of the ambula- 

cra. Mouth opening wide, covering nearly one-half the diameter of the 
test. Discal opening subcircular, with deep incision in right anterior 

~ambulacrum. 

Dimensions.—Transverse diameter, 2 inch; height, ;%; inch. 
_ Description.—This form, described by Roemer, in 1852, as Diadema 

texanum, Was assigned a new name (2. Aoemeri) by the writer in his 

- 
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preliminary report,' when Cyphosomad texanum of the same author was 

referred to Pseudodiadema. The reference of the latter form to Dip- — 
lopodia, in the present report, makes it possible to return to the earlier 

name for the present species. 

The test is circular, very much depressed on both the upper nie 

lower surfaces and inflated at the sides (Pl. xiv, Fig. 1c). 

The ambulacral areas are narrow and lanceolate. They bear two 

rows of tubercles, eleven or twelve in each row, that decrease rapidly 

in size from the ambitus to the poles (PI. xty, Fig. le; Pl. x1, Fig. 2b)._ 

The areolas are circular, the bosses stout and prominent, the mamelons 

distinctly perforated (Pl. xtv, Fig. 1g). Small secondary tubercles are 

irregularly dispersed between the rows of primary tubercles. A few 

seattered granules surround the same. The poriferous zones are uni- 

geminal throughout, though the pores show a slight tendency to in- 
crease at the peristome. 

The interambulacral areas are about twice the width of the ambula- 

eral. There are two rows of primary tubercles, nine or ten in each 

row, that decrease in size from the ambitus to the poles (Pl. xtv, Fig. 

1d; Pl. xt, Fig. 2a). The areolas are depressed, circular, and dis- 

tinctly outlined, the bosses elevated and deeply crenulated, the mame- 

lons large and deeply perforated. Small secondary tubercles surround 

the primary tubercles, between which are interspersed minute granules 

(Pl. xiv, Fig. If). 
The mouth opening is wide, covering nearly one-half of the diameter 

of the test. Ten incisions produce well-defined lobes at regular inter- 

vals (Pl. xtv, Fig.1b). The discal opening is large and subcireular, with 

a deep incision in the right anterior ambulacrum (PI. xtv, Fig. 1a). 

Related forms.—Both Roemer and Desor mention the similarity of 

this species to P. tenue, cf the Cenomanian of Europe, from which, how- 

ever, it is separated by its smaller tubercles and more numerous gran- 

ules. 

Locality and geological horizon.—This important species is common in 

the Fredericksburg formation of the Comanche series (lower Cretaceous) 
of Texas, and is found at Fredericksburg and near San Saba valley. 

Collection.—U. 8S. National Museuin. 

DIPLOPODIA McCoy. 

DIPLOPODIA TEXANUM (Roemer). 

Plate xv, Figs. la—f; Plate xvi, Figs. la—d. 

Diadema texanum Roemer, 1849. Texas, ete., p. 392. 

Cyphosoma texanum Roemer, 1852. Die Kreidebildungen von Texas, p. 82, Pl. 10, 

Fig. 6. 

Cyphosoma texanum Conrad, 1857. U.S. and Mex. Bound, Sury. Rept., vol. 1, pt. 2, p. 

145,-Pie 1) Bio. 3! 

Phymosoma texan ranum Desor, 1858. Synopsis des Echinides fossiles, p. 90. 

1 1 Johns Hopkins U niversity Circulars, 1891, No. 87, pp. 75-77. 
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Cyphosoma texanum Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18. 
Cyphosoma texanum Gabb, 1869. California Geol. Surv., Paleontology, vol. 2, p. 276. 
Pseudodiadema texanum Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75. 

Determinative characters.—Test larger subcireular; sides inflated; 

~ upper surface elevated; lower surface depressed, concave. Ambulacra 
prominent, with two rows of primary tubercles; poriferous zones broad 

above, narrow below; pores in single pairs from peristome to ambitus, 

beyond which to the apical disk they are bigeminal. Interambulacra 

wide, with four rows of primary tubercles at the ambitus, which become 

reduced to two at the poles, Mouth opening wide, about two-fifths 

the diameter of the test. Discal opening large, subpentagonal. 

Dimensions.—Transverse diameter, 13 inches; height, 7 inch. 

Deseription.—This species was first described by Roemer, in 1849, in 

Texas, etc., as Diadema texranum, but subsequently, in 1852, referred to 

Cyphosoma. Although the perforated mamelons are not always shown 

with distinctness at the first glance, they are sufficiently numerous 

upon careful inspection to warrant the removal of this form from the 
genus Oyphosoma. 

The test is large, subcircular and elevated (Pl. xv, Fig. 1¢e). The 

sides are inflated, and the upper surface elevated and convex. The 

base is depressed and concave. 

The ambulacral areas are broad and lanceolate. They have two rows 

of primary tubercles, fourteen or fifteen in each series, that are large at 

the ambitus and decrease gradually toward the poles (Pl. xv, Fig. 1d). 
A circle of scattered granules surround the narrow areolas. The porifer- 

ous zones are broad upon the upper surface, but below the ambitus are 

very much narrowed. ‘The pores are in single pairs below the ambitus, 

except directly at the mouth edges, where they become greatly increased, 

aS Shown in Plate xvi, Fig. la. From the ambitus to the apical disk 

they are bigeminal (P1. xv, Fig. 1e), a character which Duncan, in his 
recent revision of the Echinoidea, considers of generic importance and 

sufficient ground for a separation of Diplopodia from Pseudodiadema. 

The interambulacral areas are about one and one-half times the width 

of the ambulacral at the ambitus. There are four rows of primary 

tubercles at the ambitus (Pl. xv, Fig. 17), which become reduced to 
two in the vicinity of the apical disk and mouth edges (PI. xv1, Fig. 10, 

le). In the center of the column the tubercles of the four rows are gf 
about equal size, but those of the outer rows become much more rapidly 

reduced in size toward the poles. Small secondary tubercles are found 

on the outer margin of the plates, while irregularly scattered granules 

cover the space between the tubercles. A broad depression occurs 

along the line of the central suture in the vicinity of the discal opening, 

The mouth opening is circular, but is broken by distinct incisions. 

Its diameter is about two-fifths that of the test (Pl. xv, Fig. 10). 

The discal opening is large and subpentagonal (Pl. xv, Fig. 1a). 

Bull. 97 -——4 
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Related forms.—This species is closely allied to or perhaps identical 

with the form desctibed by D’Orbigny in 1842 from the United States of 

Colombia under the name of Hehinus Bolivarii, and later recognized by 

Gabb in a collection obtained from Peru. As the original description 

and figures leave some doubt as to the determination of the species, the 

term texranum is retained here. ‘ 

Locality and geological horizon.—This form is found in the Fredericks- 

burg formation of the Comanche series (lower Cretaceous) of Texas. It 

is from the Comanche Peak beds, and is reported from Fredericks- 

burg and near the head of the San Saba river. 

Collections.—U. S. National Museum; Boston Society of Natural His- 

tory; Texas Geological Survey; University of lowa; Prof. Robt. T. Hill, 

DipLopopiA Hii Clark. 

Plate xvi, Figs. 2a-9. 

Pseudodiadema Hilli Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subpentagonal, depressed; sides in- 

flated; upper and lower surfaces flattened. Ambulacra prominent, 

straight, with two rows of primary tubercles, twelve or thirteen in each 

row; poriferous zones narrow, with slight increase in width toward the 
apical disk; pores in single pairs below but bigeminal on the upper 

surface. Interambulacra with two rows of primary tubercles of equal 

size with those of the ambulacra. Mouth opening narrow, circular. 

Discal opening broad, pentagonal. 

Dimensions.—Transverse diameter, ? inch; height, ;°; inch. 

Description.—This rare Diplopodia has-a subpentagonal outline, the 

projecting ambulacra occupying the angles. It is depressed on both 

the upper and lower surfaces, the latter becoming somewhat concave 

toward the mouth opening. The sides are moderately inflated. 

The ambulacra are broad, very prominent, and furnished with two 

rows of large tubercles, twelve or thirteen in each row, that decrease 

rapidly from the ambitus toward the apical disk and peristome. The 

poriferous zones are narrow and lanceolate. The pores are arranged 

in single pairs on the lower surface, but from the ambitus to the apical 

disk are increased slightly in number, and near the apical disk become 

bageminal (Pl. xvi, Fig. 2d). The interambulacral areas are narrow 

and appear flattened, as compared with the slightly projecting ambu- 

lacra. They are provided with two rows of primary tubercles of equal 

size with those of the ambulacra (Pl. xv1, Fig. 2f).. There are ten or 
eleven in each row. The areolas are narrow, circular, and elevated, the 

bosses prominent and distinctly crenulated, and the mamelons deeply 

perforated. The tubercles are somewhat widely separated and the inter- 

vening space is covered with small secondary tubercles and sparsely 

scattered granules. 

The mouth opening is broad, depressed, and circular. It is divided 
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by ten incisions into well-defined lobes, those of the ambulacra broader 
and extending farther into the opening than the others (PI. xv1, Fig. 20), 

The distal opening is pentagonal, the angles occurring at the point of 

the medial suture of the interambulacra (Pl. xv1, Fig. 2a). 

Related forms.—Diplopodia Hilli appears at first glance closely allied 

to, if not identical with, Psewdodiadema texanum. It is separated from 
the same, however, by its larger size, subpentagonal form, and increase 

in number of pores from the ambitus to the apical disk. In this latter 

“particular it is not unlike D. teranum, from which, however, it is sepa- 

rated by its smaller size, subpentagonal form, and two instead of four 

rows of primary tubereles. Itis similar to P. Rhodani of the European 
Cretaceous in some particulars, but that form is without the increase in 

munber of pores on the upper surface and likewise possesses more plates 

in each column. 

Locality and geological horizon.—This species is from the Austin chalk 

(upper Cretaceous) of Texas. 

Collections.—U. S. National Museum; Prof. Robt. T, Hill, 

COPTOSOMA Desor, 

CopTosomMA Morvront (de Loriol), 

Plate xvi, Figs. la-e. 

Cyphosoma Mortoni de Loriol, 1887. Recueil Zoologique Suisse, Tome tv, No. 3, 
pp. 389-391, Pl. xvi, Fig. 2a-c. 

Determinative characters.—Test circular, depressed. Ambulacra very 
wide, with two rows of primary tubercles, thirteen in each row, the 

three or four at the ambitus large and nearly confluent, but diminish- 

ing rapidly in size toward either pole; poriferous zones narrow, sinudus; 

pores unigeminal, those of each pair separated by a granule. Inter- 

ambulacra with two rows.of tubercles, nine or ten in each row. Mouth 

opening very large. 

Dimensions.—Transverse diameter, § to 2 inch; height, 4 inch. 

Description—The writer has been unable to obtain a specimen of 

this species, but the very full description and excellent figures given 
by de Loriol admit of its satisfactory identification. The description 

that follows is a translation in nearly every particular of that given by 

de Loriol. The two specimens in the possession of de Loriol were so 

deformed that he could not determine the height accurately. The 

test is circular and depressed. The ambulacral areas are relatively 

very wide, almost as large as the interambulacral, and bear two rows 

of large tubercles, thirteen in each row. The first four or five tubercles 
from the apical disk are far apart and very small. .At the ambitus 

three or four of the tubercles are very large, with nearly confluent 

areolas (Pl. xvu, Fig. 1c), but rapidly diminish in size toward the 
lower surface, the last four or five being very small and with difti- 
culty distinguished. The areolas, except at tlie ambitus, are not_large. 
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The bosses are finely crenulated and the mamelons small and imper- 

forate. Upon the lower surface there are large mammillated granules 

which can be with difficulty distinguished from the primary tubercles. 

Each areola is also partially surrounded by a cirele of small granules 

that oceur most numerously near the line of the central suture. The 

granules are few in number on the upper surface. The poriferous zones 

are narrow, Slightly sinuous, and composed of small pores without any 

increase toward the apical disk or mouth opening. A small granule is 

found between the pores of each pair (Pl. xvu1, Fig. 1c). 

The interambulacral areas bear two rows of primary tubercles that 

are similar to those of the ambulacra, but larger and less numerous 

(Pl. xvi, Fig. la). The lower surface is covered by large mammillated 

granules that can scarcely be distinguished from the tubercles, and 

also by numerous small ones. There are few granules on the upper 

surface. The mouth opening is large, with slight incisions. 

Related forms.—This species is most closely related to Coptosoma 

speciosum, but in form and in several details of structure is unlike it. 

The presence of granules between the pores of the present species is a 

marked feature. 

Locality and geological horizon.—This formis from the Rotten limestone 

(upper Cretaceous) of Nahalak, Kemper county, Mississippi. - 

Collection.—P. de Loriol, Switzerland. 

CoOPTOSOMA SPECIOSUM Clark. 

Plate xviul, Figs. la-h. 

Cyphosoma speciosum Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test circular, inflated at the sides, flat- 
tened on the upper and lower surfaces. Ambulacra wide, with two 

rows of primary tubercles, twelve or thirteen in each, that gradually 

diminish in size toward the poles; poriferous zones sinuous; pores uni- 

geminal. Interambulacra with two rows of tubercles slightly larger 

than those of the ambulacra. Mouth opening one-third the diameter 

of the test. 

Dimensions.—Transverse diameter, +4 inch; height, 2 inch. 

Description.—This delicate species has a circular test with inflated 

sides. Both poles are flattened, the lower more than the upper (PI. 

xvill, Fig. 1b). 
The ambulacral areas are wide and prominent, and bear two rows of 

large tubercles, twelve or thirteen in each row. The areolas are nearly 

confluent above and below, and are striated by irregular radiating ridges 

(Pl. xvint, Fig. 1/). The bosses are deeply crenulated, and the small 

mamelons are imperforate. Minute tubercles and granules irregularly 

surround the primary tubercles, occurring in greatest number along 

the central suture. The poriferous zones are slightly sinuous, the 

three pore pairs having acurved arrangement on each ambulacral plate. 
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‘The interambulacral areas are about one and one-half times as wide 

as the ambulacral. They have two rows of primary tubercles that are 

somewhat larger than those of the ambulacra (PI. xvi, Fig. 1d). The 

areolas are very large and are confluent above and below. Throughout 

the greater part of the column the two rows approach each other, but 

toward the apical disk are widely separated from one another. The 

smaller tubercles are disposed in rows, with greater or less regularity, 

on either side of the primary series. 

The mouth opening is narrow, occupying a little more than one-third of 

the diameter of the test. It has an irregular pentagonal outline. The 

discal opening is large and pentagonal in form, (Pl. xvii, Fig. 1a). 

Related forms.—This form is apparently closely related to Coptosoma 

Mortoni, but is more elevated and does not exhibit the granules between 
the pores. 

Locality and geological horizon.—This species is from the yellow 

limestone of the middle marl bed (upper Cretaceous) of Timber creek, 

New Jersey. 

Collection.—Philadelphia Academy of Natural Sciences. 

GONTIOPYGUS Agassiz. 

GONIOPYGUS ZITTELI Clark. 

Plate xvii, Figs. 2a-d. Plate x1x, Figs. 1 a-e. 

Goniopygus Zitteli Clark, 1891. Johns Hokins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subconoidal, circular in cireumfer- 

ence; upper surface elevated; base flattened. Ambulacra broad, with 

a double row of alternating tubercles, eighteen to twenty in each series; 
poriferous zones, with a double row of pores, multiplied at the peri- 

stome. Interambulacra broader than the ambulacra, with a double 

row of primary tubercles, ten to twelve in each row. Apical disk prom- 

inent, compact. Mouth opening large, with shallow incisions. 

Dimensions.—Transverse diameter, 15 inches; height, 1 inch. 

Description.—All the specimens of this Species examined by the 

writer have a distinctly subconical form that is highly characteristic. 

The upper surface is very much elevated, while the lower is flat and 

slightly depressed around the mouth edges (PI. xvii, Fig. 2a). 

The ambulacral areas are broad, increasing regularly in width from 

the apical disk to the ambitus, beyond which they decrease toward the 

mouth opening (PI. x1x, Fig. 1d). There is a double raw of eighteen to 

twenty tubercles in each area, that rapidly increase in size from the 

apical disk downward. The pores are arranged in a double row on 

each poriferous zone except in the vicinity of the mouth edges, where 

they become suddenly increased in number (Pl. xyiu, Fig. 2d). 

The interambulacral areas are about one and one-half times the width 

ofthe ambulacral, and each contains a double row of large tubercles, 
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ten to twelve in each series (PI. x1x, Fig. le). These tubereles are con- 

siderably larger than those of the ambulacral area, and have wide 

circular areolas, smooth bosses, and imperforate mamelons (PI. XVIII, 

Fig. 2c). On the base the tubercles of all the areas are of nearly equal 

size. The miliary space is wide, very nearly smooth in the upper por- 

tions of the column, and sparsely covered with granules toward the 

mouth edges. 
The apical disk is large and compact, the elongated genital plates 

giving it a star-shaped appearance ¢Pl. xvi, Fig. 2d). The well-de- 

fined ocular plates, wedged into the interspaces, make the entire 

outline subpentagonal. . Hach genital plate is angular at the outer ex- 

tremity and perforated. On the inner edge of the same there is a 

semicircular depression, in the center of which is a small mammillated 

tubercle. 

The mouth opening is large, covering quite one-half the diameter of 

the base. It is divided into ten lobes by ten shallow incisions (PI. XTx, 
Fig. 1b). . 

Related forms.—This species shows many points of similarity to 

Echinus patagonensis, described by V@Orbigny in 1842, from the Tertiary 

of southern Patagonia. The margin of d’Orbigny’s species is sharper 
and the apical disk of somewhat different shape. Moreover, if prop- 

erly referred to the Tertiary, it is undoubtedly a different form. Hehi- 

nus andinus, from the desert of Atacama, described by Philippi in 1860, 

is likewise closely allied to G. Zitteli, though more conical and present- 
ing a different surface decoration of the plates. Goniopygus major, 

from the Cenomanian of Europe, is similar in many particulars, though 

the pores are not increased around the peristome as in G. Zitteli, and 

the apical disk is of more compact form. 

Locality and geological horizon.—Goniopygus Zitteli is from the Ca- 

prina limestone, a division of the Fredericksburg formation of the 

Comanche series (lower Cretaceous), and has been collected at: many 

points in Texas, among others Spanish Oak branch, Williamson county, 

and Round Rock. p 

Collections.—U. 8. National Museum; Texas Geological Survey. 

KCHINID A. 
, 

Test spheroidal. Ambulacra wide, with two or more rows of primary 

tubercles; poriferous zones usually trigeminal or polygeminal. Inter- 

ambulacra with? two or more rows of primary tubercles, generally of 

equal size with those of the ambulacra. Mouth opening large, decag- 

onal. Apical disk composed of ten plates. 
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PSAMMECHINUS Agassiz. 

PSAMMECHINUS CINGULATUS Clark. 

~ Plate xx, Figs. la-. 

Psammechinus cingulatus Clark, 1891. Johns Hopkins University Cireulars, No. 87, 

p. 76. 

Determinative characters.—Test small, hemispherical, with circular 
circumference; sides inflated; upper surface elevated; base flattened 

and concave. Ambulacra wide, with two rows of primary tubercles, 

sixteen or seventeen in each series; poriferous zones depressed, tri- 

geminal. Interambulacra about one and one-half times the width of 

the ambulacra; plates covered with numerous uncrenulated and imper- 
forate tubercles. Mouth opening large, with ten deep incisions. 

_ Dimensions.—Transverse diameter, ~ inch; height, $ inch. 

Description.—This delicate form, of which two very perfect specimens 

were examined by the writersis hemispherical in shape with cireular 

circumference, inflated sides, elevated upper surface, and flattened base. 

In the yjicinity of the mouth opening the lower surface is depressed, 

producing a slight concavity. 

The ambulacral areas are wide and composed of eighteen to twenty 

plates (Pl. xx, Fig. 17). The lower sixteen or seventeen of each series 

bear prominent tubercles that occur in a continuous line to the peris- 

tome. On either side of the primary tubercles are smaller ones of like 

shape. The three pore pairs are arranged in semicircular form, the 

two upper separated from the lower by one of the secondary tubercles 

(Pl. xx, Fig. 19). | Bes; 

The interambulacral areas are about one and one-half times as wide 

as the ambulacral and the plates about fifteen in number. Each plate 
bears a large tubercle in the center, and irregularly arranged about it 

smaller tubercles of various sizes (Pl. xx, Fig. 1e). 

The mouth opening is large, with ten deep incisions (P1. xx, Fig. 1h). 

The apical disk is lacking, but the broken opening is large and pen- 
tagonal in form. 

Related forms.—This unique species is quite unlike any hitherto 

described, and is readily characterized by the arrangement of the 

tubercles and pore pairs. <As the only representative of this genus 

recognized in American deposits it has especial interest. 

Locality and geological horizon.—This species is labeled as simply 

from New Jersey, but in character of preservation is not unlike other 

specimens from the yellow limestone of the middle marl bed (upper 

Cretaceous) of Timber creek. 

Collection.—Philadelphia Academy of Natural Sciences. 
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STOMECHINUS Desor. 

STOMECHINUS HYATTI Clark. 

Plate xx111, Figs. la—e. 

Determinative characters.—Test high, circumference circular. Ambu- 
lacra with four rows of small primary tubercles; poriferous zones wide, — 

trigeminal. Interambulacra with eight or ten rows of tubercles that 

diminish in nwnber toward apical disk and mouth opening, with a de- 

pression along the line of the central suture. 

Dimensions.—Height, 1 inch; transverse diameter, 1 inch. 
Description.—The single specimen of this interesting Jurassic form has 

only the cast of a portion of the exterior preserved. The test is high, 

and the circumference circular or slightly subpentagonal. The sides 

rise abruptly from the margin (Pl. xxii, Fig. 1a). 

The ambulacral areas are about one-half the width of the interam- 

bulacral, and preserve a nearly uniform width throughout. There are 

four rows of tubercles that increase slightly in size from above down- 

ward. <A depression appears along the line of the central suture. 

The poriferous zones are wide; the pore pairs are placed in oblique 

ranks of three, and each rank is separated from that next to it by two 

small tubercles (Pl. xx111, Fig. 10). 

The interambulaecral area is about twice the width of the ambulacral, 

and the plates of the former are but slightly higher than those of the 

latter (PI. xxii, Fig. 1c), Each plate is covered at the widest part of 
the area with an irregular row of four or five tubercles that are of about 

equal size. The tubercles of the interambulacral areas are of about the 
same size as those of the ambulacral. The tubercles are uncrenulated 

and imperforate. A wide depression extends along the medial line of 

each interambulacral area according with the position of the central 

suture. 

The regions of the apical disk and mouth opening are largely want- 

ing, but a deep incision shown upon the margin of the latter indicates 

that it is distinctly lobed throughout. 

Related forms.—The American species shows some points of identity 

with Stomechinus nudus Wright of England, though the latter is less 

elevated, has a sharper marginal angle, and a less regular arrangement 

of the tubercles. 

Locality and geological horizon.—This species is from the Jurassic 

strata of Taylorsville, California. 

Collection.—U. S. National Museum. 
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PEDINOPSIS Cotteau. 

PEDINOPSIS PONDI Clark. 

Plate xx1, Figs. la-b. Plate xx, Figs. la-e. 

Determinative characters.—Test large, circular, inflated at the sides, 

convex on the upper surface. Ambulacra with six rows of tubercles at 

the ambitus, the two marginal rows complete and the four inner incom- 

plete; poriferous zones broad, bigeminal. Interambulacra with twenty 

‘rows of tubercles at the ambitus, which become reduced to four at the 

margin of the mouth opening; tubercles small, equal, crenulated, and 

perforated. Mouth opening small, with distinet incisions. 

Dimensions.—Transverse diameter, 34 inches; height, 24 inches. 

Deseryption.—The single very large specimen of this species exam- 

ined by the writer has portions of the test in a very perfect state of 

preservation. The test is large, circular, inflated at the sides, and con- 

vex on the upper surface. The ldwer surface is flattened, with a slight 

concavity in the region of the mouth opening (PI. xx1, Fig. la). The 
-ambulacral areas are wide, and have at the ambitus six rows of tuber- 

cles (Pl. xx11, Fig. 1c), the two marginal rows alone continuing from the 

discal opening to the peristome. The four inner rows are incomplete, 

but of equal size with the outer. The tubercles are finely crenulated 

and perforated.. The poriferous zones are broad and bigeminal (PI. 

xxl, Fig. 1c), except on the lower surface, where the rows become 

crowded together. Near the mouth opening they again broaden out 

and become greatly increased in number at the margin. The pores 

are small and round. The interambulacral areas are broad and have 

twenty rows of tubercles at the ambitus, which become reduced to four 
at the mouth edges (Pl. xx11, Fig. 1b). The tubercles are of equal size 

with those of the ambulacra. Small mammillated granules are found 

scattered over both the ambulacral and interambulacral plates, to- 
gether with a fine granulation covering the entire surface. 

The mouth opening is small and measures about seven-eighths of an 

inch in diameter. It has ten distinct incisions in the interambulacra. 

The discal opening is partially outlined, but is very indistinct. 

- This species is named for Mr. Edwin J. Pond, of the U. S, Coast and 

Geodetic Survey, by whom the specimen described by the writer was 

discovered. 
Related forms.—The present species is unlike any described from 

American or European deposits. 

Locality and geological horizon.—The specimen was found on the south 

bank of Onion creek, Travis county, Texas, about one-fourth mile south- 
west of the crossing of the Austin and San Antonio wagon road. It is 

probably from the lower portion of the Austin chalk (upper Cretaceous). 

Collection.—Jolhns Hopkins University. 
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IRREGULARES. 

ECHINOCONID &. 

Test circular, elliptical, or pentagonal. Ambulacra narrow; porifer- 

ous zones unigeminal, seldom bigeminal. Interambulacra broad; surface 

covered with small, perforated, and crenulated tubercles, that are larger 

Le ee 

on the base. Mouth opening central, circular, or decagonal, with jaws — 

and distinct incisions. Apical disk central, composed of ten plates. 

Anal opening between apical disk and mouth opening. 

HOLECTYPUS Desor. 

HOLECTYPUS PLANATUS Roemer. 

Plate xxii, Fig. 2a-/. 

Holectypus planatus Roemer, 1849. Texas, ete., p. 393. 

Holectypus planatus Roemer, 1852. Die Kreidebildungen von Texas, p. 84, pl. 10, 

Fig. 2. 
Holectypus planatus Shumard, 1852. Rept. Expl. Red River of La., p. 211. 

Holectypus planatus Giebel, 1853. Jahresber. d. Naturw. Ver. in Halle, p. 373. 
~ Holectypus planus Giebel, 1853, ibid. 

Holectypus planatus Conrad, 1857. U.S, and Mex. Bound. Surv. Rept. vol. 1, pt. 2, 

p. 145, pl. 1, Fig. 4. 

Holectypus planatus Desor, 1858. Synop. des Echinides fossiles, p. 174. 

Holectypus planatus Gabb, 1860. Cat. Invert. Fossils, Cretaceous, p. 18. 

Holectygus planatus Meek, 1864. Smith. Mise. Coll., vol. 7 (177), p. 2. 

Holectypus planatus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subcireular, subconical, flattened on 

the under surface. Ambulacra narrow, straight, and somewhat lanceo- 

late, with six irregular rows of tubercles; poriferous zones straight, 

narrow, unigeminal. Interambulacra wide, plates numerous and nar- 

row, each with a nearly horizontal row of small tubercles. Apical 

disk small, the madreporite large. Mouth opening small, subcireular. 
Anal opening large. 

Dimensions.—Height, 3 inch; transverse diameter, 13 inches. 

Description.—This very paoon form, from the Czetagenae of Texas, - 

was first reported by Roemer in “Tex aw etc.,in 1849, and subsequently, 
in 1852, more accurately defined and figured. Although wide differences 

in outline and in the size and arrangements of the tubercles occur, 

they appear to be rather individual than specific. The majority of the 

specimens are subcireular; in the case of some, however, distinctly cir- 
cular, while in that of others clearly pentagonal. The ambitus in some 

individuals is sharp, in others, rounded, while the upper surface is dis- 

tinetly elevated at the center with slightly tumid sides. The under 

surface is flat and slightly depressed in the vicinity of the mouth opening. 

The ambulacral areas are narrow, straight, increasing in width toward 
the ambitus and somewhat lanceolate in form. The poriferous zones 

are narrow, the pores small and unigeminal. Six rows of small tuber- 
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‘eles are found in the broader portion of the areas, which become re- 

-* to four toward the apical disk and mouth edges (PI. xx111, Fig. 2e). 

_ The interambulacral areas are about three times the Tidth of the 

Eerbulacral at the ambitus. The plates are narrow, each with a hori- 

ont row of small tubercles, five or six in a row at the ambitus, but 

fewer above and below. Rack tubercle has a small circular areola, 

‘erenulated boss, and perforated mamelon. The tubercles cover the 

greater portion of the plates, with minute granules interspersed be- 

tween them (Pl. xxi, Fig. 2d). The tubercles are very much larger 

on the lower surface, and the difference in size shown between those of 

the ambulacra and interambulacra on the upper surface disappears. 

_ The apical disk is small. The five ovarial plates are all perforated; 

the madreporite is of large size and indistinctly separated from the 

other plates (PI. xx1rr, Fig. 2/). 
_ The mouth opening is small, with slight ineisions that give a decagonal 

margin. The large oval anal opening extends from the vicinity of the 
mouth edges to the ambitus (Pl. xx1i1, Fig. 20). 

Related forms.—Cotteau has recently described, under the name of 

HH. Castilloi, a new species of Holectypus from Mexico that-is not unlike 

certain individuals of H. planatus examined by the writer. As a suffi- 

‘cient number of intermediate forms has been found to connect all the 

specimens examined with the type form described by Roemer, no at- 

tempt has been made to establish new species. H. planus described by 

Giebel is considered such a variation. 

_ Loeatity and geological horizon.—This widely distributed form is from 

the Washita formation of the Comanche series (lower Cretaceous) of 

‘Texas. It has been found at Austin, Fredericksburg, and elsewhere. 
- Collections.—U.S. National Museum; Philadelphia Academy of Natu- 

ral Sciences; Boston Society of Natural History; Texas Geological 
Survey; Prof. Robt. T. Hill. 

CASSIDULIDA AGASSIZ. 

Test circular, oval or subpentagonal. Ambulacra simple or peta- 

Joid, generally similar. Mouth opening central or subcentral, generally 

with a pentapetaloid floscelle. Anal opening excentric. 

PYRINA Desmoulins emend. de Loriol. 

PYRINA PARRY1I. Hall. 

Plate xxtv, Figs. la-h. 

Pyrina Parryi Hall, 1857. U.S. and Mex. Bound. Surv. Rept., vol. 1, pt. 2, p. 144, Fi. 1, 

Fig. 1-1d. 
Pyrina Parryi Gabb, 1859. Cat. Invert. Fossils Cretaceous, p. 19. P 

Pyrina Parryi Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p 

Pyrina Parryi Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subpentagonal, broader anteriorly 

than posteriorly, inflated at the sides, flattened above and_ below. 
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Ambulacral areas narrow, unigeminal; both areas covered with minute 

tubercles. 

Mouth opening large, elliptical, oblique. Anal opening oval, supra- 

marginal. | 

Dimensions.—Length, 14 inches; height, 3 inch. | 
Description.—The two specimens originally described by Hall, in the’ 

Mexican Boundary Survey Reports, are the only representatives of this: 

interesting species that have been examined by the writer. The test 

is regular and symmetrical, slightly pentagonal in outline, enlarged 

anteriorally, contracted posteriorly. The upper surface is convex, | 

though somewhat flattened at the summit. The sides are inflated, the 

base flattened and slightly depressed in the vicinity of the mouth open- | 

ing (PI. xxiv, Figs 1c, 1d). : 
The ambulacral areas are narrow and lanceolate; the poriferous 

zones straight and depressed, the pores small, oval, and wnigeminal | 

(Pl. xxiv, Fig. 1f). The interambulacral areas are broad and less ele- 

vated than the ambulacral. Both the ambulacra and interambulacra | 

support numerous small tubercles, that are larger and more distinct 

on the lower than the upper surface. Fine microscopic granules are 

disseminated between the tubercles (Pl. xxrv, Figs. le, 19). 

The mouth opening is large, elliptical, and obliquely situated slightly. 

in front of the center of the base. The anal opening is oval and placed | 

nearly in the center of the posterior margin. The apical disk is small, 

composed of four ovarial plates, the large right antero-lateral modified — 

to form the madreporite. The five small ocular plates are firmly wedged) 

between the ovarial plates (Pl. xxtv, Fig. 1h). 

Related forms.—The species just described is the only representative | 

of this genus reported from American strata, and both in form and _ 

structural features admits of a ready separation from all European 

species. It presents some points of similarity with Pyrina Desmoulinsii 

D’Archiac, but is broader posteriorly and less elevated. | 

Locality and geological horizon.—Pyrina Parryi Hall is from the 

Washita formation of the Comanche series (lower Cretaceous), and in— 

vol. tof the United States and Mexican Boundary Survey Reports is 

reported from Leon Springs, El Paso Road, Texas. 

Collection.—U. 8S. National Museum. 

| 
| 
| 

BOTRIOPYGUS D’Orbigny. 

BoOTRIOPYGUS ALABAMENSIS Clark. 4 

Plate xxv, Figs. laf. 

Botriopygus alabamiensis Clark, 1891. Johns Hopkins University Cireulars, No. 87, 

p. 76. 

Determinative characters—Test oblong; more or less depressed on — 

upper surface, highest anteriorly; under surface concave. Ambulacra 

broad, lanceolate; poriferous zones subpetaloidal above. Interambu- 
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ral plates covered with numerous, irregularly distributed tubercles. 

Apical disk anteriorly situated. Mouth opening small, oblique, for- 

ward of the center. vA 
_ Dimensions.—Length, 25 inches; width, 24 inches; height, 1 inch. 

_ Deseription.—The single imperfectly preserved specimen of this spe- 

cies, although apparently lacking some of the characteristics of Botri- 

ygus, is nevertheless referred to that genus. The test is oblong, 

considerably depressed on the upper surface, and concave on the base. 

The apex of the upper surface is forward of the center, making the an- 

rior margin full, the posterior flattened (PI. xxv, Fig. 1e). 
_ The ambulacral areas are broad and lanceolate. They contract ap- 
preciably just above the ambitus, giving to the poriferous zones a sub- 

petaloidal form. The pores of the subpetaloidal portions are large and 

oval, those of the outer rows more elongated than those of the inner 

ay acuminated on their inner margins. The pores of each pair are 

mnited by a furrow. The inner portions of ambulacral plates are coy- 

ered with tubercles that in the broadest portion of the subpetaloidal 

areas reach five or six in number (PI. xxv, Fig. 1c). Below the sub- 

petaloidal areas the pores recede from the outer margin of the plates. 

‘Those of each pair are close together, small, and nearly round. The 
potes also become broader (P]. xxv, Fig. 1d). 
~The interambulacral plates are large and covered with numerous, 

Be épularly arranged tubercles. A microscopic granulation covers the 

ee ereuar space (Pl. xxv, Fig. Lf). 
_ The position of the apical disk is forward of the center of the upper 

surface, although none of the plates are preserved on the specimen ex- 

amined. The mouth opening is small and Seog placed slightly in 

front of the center of the base. 
_ Related forms.—Gabb describes a species of Botriopygus from Peru 

under the name of B. elevatus that is not unlike B. alabamensis in many 

particulars, though the American species is larger, less rounded anteri- 

ly, and nee a more depressed posterior margin. 

_ Locality and geological horizon.—This form is from the Ripley group 

‘upper Cretaceous) of Alabama. Its exact locality is unknown. 

Collection.—Philadelphia Academy of Natural Sciences. 

5 ECHINOBRISSUS Breyn. 

ECHINOBRISSUS EXPANSUS Clark. 

Plate xxvi, Figs. la-g. 

De RATE aS Echinobrissus expansus Clark, 1891. Johns Hopkins University Cireulars, No. 87, p. 76. 

Determinative characters.—Test subquadrate, broader posteriorly, 

moderately convex on upper surface, concave dn the base. Ambulacra 

narrowly lanceolate. ‘Anal opening large, supramarginal; anal sulcus 

broad, deep, extending from near the apex to the ambitus. Mouth 

opening large, situated in front of the middle of the base. 
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Dimensions.—Length, 14 inches; width, 14 inches; height, $ inch. 
Description—This typical Echinobrissus is of moderate size, some- 

what depressed above, and subquadrate in marginal outline. The pos-) 

terior portion is broader than the anterior and distinctly lobed. The | 

base is concave. 
The ambulacral areas are narrowly lanceolate, and on the upper sur- 

face the poriferous zones are subpetaloidal (Pl. xxv1, Fig. la). The) 

inner rows of pores are round, the outer oval, with acuminated inner 

margins and obliquely placed (Pl. xxvi, Fig.1f). The interambulacral 

areas are formed of broad plates that bear numerous small perforated. 

and mammillated tubercles. A microscopic granulation covers the) 
mniliary space (PI. xxvt, Fig. le). | 

The apical disk is small and compact and the perforations of the— 
genital plates distinct (Pl. xxv1, Fig. 19). | 

The mouth opening is large, excentric, situated at some distance i 

front of the center of the base. The anal opening is large, acuminated © 

on the upper margin, and placed in a broad, deep anal sulcus that ex- 

tends from near the apical disk to the posterior margin (Pl. XXVI, 
Fig. 1d). } 

Related forms.—LHchinobrissus expansus has no points that would 

closely ally it with any species of this genus hitherto described. 

Locality and geological horizon—This species is from the Ripley 
group (upper Cretaceous) of Alabama or Mississippi, but its exact 

locality is not recorded. 4 

Collection.—Philadelphia Academy of Natural Sciences. 

ECHINOBRISSUS TEXANUS Clark. 

Plate xxvi, Figs. 2a-/. 

Echinobrissus tecanus Clark, 1891. Johns Hopkins University Circulars, No. 87, p.76._ 

Determinative characters.—Test ovate, rounded anteriorly, subquad- 

rate posteriorly; upper surface convex, apex forward of the center; _ 

base concave. Ambulacra lanceolate, subpetaloidal. Apical disk for- 
ward of the center. Mouth opening small, excentric. Anal opening — 

small, oval, in narrow sulcus that begins some distance below the apical 
disk. . a 

Dimensions.—Length, ? inch; width, 2 inch; height, -§; inch. E 

Description.—The eile specimen of this-species is somewhat dam-— 

aged on the sides, so that the ambital outline is not complete. It is— 

ovate in form, broader posteriorly, and subquadrate. The upper sur- : 

face is convex, but more or less compressed. The lower surface is con- 

cave. 
The ambulacral areas are narrowly lanceolate. The poriferous zones . 

for a short distance from the apical disk are subpetaloid in form. The- 

posterior ambulacra are much longer than the others, the unpaired 

ambulacrum being the shortest. The pores of each plate are oval and — 

set at an angle to one another (PI. xxv, Fig. 2e). s 

- 
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— The interambulacral plates are large and covered with irregularly 

arranged tubereles.. Between the tubercles a microscopic granulation 

»covers the surface (Pl. xxv1, Fig. 2/). 
_ The apical disk is small and situated forward of the apex. The indi- 

_yidual plates can not be fully distinguished on the specimen examined, 

~The mouth opening is apparently small, though somewhat obscured. 

elt is situated forward of the center of the base. 
The anal opening is small, placed in a narrow sulcus that begins some 

distance posterior to the apical disk. 
Related forms.—Hchinobrissus texanus is readily separated from F. 

-expansus by its ovate form and the shape and size of the anal sulcus. 

It is unlike any European species. 
~ Locality and geological horizon.—This form is from the Austin chalk 

(upper Cretaceous) of the south bank of the Colorado river, Austin, 

Texas. 
_ Collection.—U. 8. National Museum. 

TREMATOPYGUS WOrbigny. 

TREMATOPYGUS CRUCIFER (Morton). 
Slee 7 

Plate xxvil, Figs. la-i. 

_ Ananchytes cruciferus Morton, 1830. Am. Jour. Sci., Ist ser., vol. 18, p. 245, Pl. 3, 

S$ Fig. 8. ; 
_ Ananchytes cruciferus Morton, 1830. Philadelphia Acad. Nat. Sci., Ist ser., vol. 6, pp. 

201, 202. 
Nucleolites crucifer Morton, 1833. Am. Jour. Sci., 1st ser., vol. 23, p. 294. 

Nucleolites crucifer Morton, 1834. Synop. Organ. Remains, Cretaceous, p. 75, Pl. 3, 

Fig. 15. 
+ Nucleolites cruciferus Agassiz, 1840. Cat. Syst., p. 4. 

~ Nucleolites cruciferus @Orbigny, 1847. Prodrome, vol. 2, p. 271, Etage 22, No. 1197. 

- Nucleolites cruciferus Agassiz and Desor, 1847. Cat. rais., p. 97. 

~Nucleolites crucifer Bronn, 1848. Index Pal., vol. 1, p. 818. 

+ Pygorhynchus crucifer Ravenel, 1850. Am. Assoc. Ady. Sei. Proc., p. 160. 

_Trematopygus crucifer @Orbigny, 1853-60. Paléont. frangaise, vol. 6, p. 387, Pl. 953, 

Figs. 10, 11; Pl. 963, Figs. 1-5. 
_ Behinobrissus cruciferus VOrbigny, 1854. Revue zool., p. 25. 

-Nucleolites crucifer Desor, 1858. Synop. des Echinides fossiles, p. 262. 

- Nucleolites crucifer Gabb, 1859. Cat. Invert. Fossils Cretaceous, p. 19. 

- Nucléolites crucifer Meek, 1864. Smith Mise: Coll., vol. 7 (177), p. 2. 

- Nucleolites crucifer Cook, 1868. Geol. of New Jersey, p. 377. 
- Nucleolites crucifer Conrad, 1868. Geol. of New Jersey, App., p. 722. 

-Nucleolites cruciferus Credner, 1870. Zeitschr. d. deutsch. geol. Gesells., XXU, p. 217. 

- Trematopygus crucifer Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test ovate, inflated at the sides and base 
and slightly contracted anteriorly. Aubulacra long, well defined; pores 

~unigeminal, prominent on the upper surface, indistinct on the base. 

Apical disk situated anteriorly.- Mouth opening large and oblique. 

Anal opening large, oval, supramarginal. 

Dimensions.—Length, Linch; breadth, ~ inch; height, ;%; inch. 

Description—This urchin is not uncommon at Timber creek, New 
Jersey, where many very perfect specimens have been obtained. Its 

ee 
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outline is ovate and very regular, lacking at the ambitus or apex any 

sharply defined angularity. The sides are highly inflated, together 

with the outer portion of the base. 

The ambulacral areas are long, lanceolate, and unequal; the posterior 

pair are the longest, the unpaired anterior area is the shortest. The 

areas do not produce any irregularity in the outline of the test beyond 

inconsiderable depressions in the immediate vicinity of the mouth edges. 

The poriferous zones are clearly marked on the upper surface, and the 

pore pairs are nearly horizontal (Pl. xxvu, Fig. 1/), but toward the 

ambitus the pores become smaller, those of each pair nearer together, 

and the pairs obliquely situated at the lower, outer corner of each plate 

(Pl. XXvIL, Fig. le); near the mouth edges they again become larger and 

slightly increased in number. 

The interambulacral areas are wide and composed of large plates | 

that are bent in the middle. The surface is covered with irregular 

rows of tubercles that are perforated and mammillated. The miliary 

space in its turn is covered with numerous minute and irregularly dis- 

tributed granules. 

The apical disk is small and anteriorly situated; the four genital 

plates are distinctly perforated, those of the anterior pair situated much 

nearer together than those of the posterior (Pl. xxvil, Fig. 19). 

The mouth opening is large, oblique, and placed somewhat forward of 

the center of the base. The anal opening is large, oval, and acuminate 
at the upper extremity. It is situated in an anal sulcus, that makes a 

marked indentation in the posterior margin, and is bordered by two 

well defined ridges (Pl. xxvu1, Fig. 1d). 

Related forms.—Trematopygus crucifer (Morton) is a unique species 

that affords no closely allied forms in either American or European 

deposits. It is the single representative of this genus recorded from 

American strata. 

Locality and geological horizon.—The only specimens of this form 

thus far reported are from the yellow limestone of the middle marl 

bed (upper Cretaceous) of Timber creek, New Jersey. 

Collections.—American Museum of Natural History, New York; Phila- 

delphia Academy of Natural Sciences; Johns Hopkins University. 
@ 

CATOPYGUS Agassiz. 

CATOPYGUS OVIFORMIS Conrad. 

Plate xxvul, Figs. 2a-f. 

Catopygus oviformis Conrad, 1847. Philadelphia Acad. Nat. Sci. Jour., 2d ser., vol. 

2, p. 39, Pl. 1, Fig. 9. 
Nucleolites oviformis (Catopygus) Conrad, 1868. Geol. of New Jersey, App., p. 722. 

Catopygus oviformis Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test ovate, broader posteriorly; upper 

surface nearly flat; apex posterior to apical disk. Aimbulacra narrow, 

subpetaloidal. Interambulacra wide; single interambulacrum elevated. 
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- Apicaldisk excentric, nearer the anterior border. Mouth opening small, 

excentric, nearer the anterior margin. Anal opening oval, situated in a 

“narrow sulcus, that terminates above in a projecting arch. 

_ Dimensions.—Length, § inch; width, ? inch; height, 3%; inch. 
Description.—The test of this very beautiful little form is ovate, with 

rounded, inflated sides and elevated upper surface. The base is nearly 

flat, slightly concave in the vicinity of the mouth edges, and lobed pos- 
teriorly. 

The ambulacral areas are narrowly lanceolate, subpetaloidal on the 

upper surface, the two posterior areas being much longer than the 

others. The plates in the petaloidal portions are narrow, but beyond 
increase in breadth (Pl. xxvu, Fig. 2e). 

The large interambulacral plates are covered with minute tubercles, 
between which are numerous microscopic granules, 

The apical disk is small, excentric, and situated far anterior to the 
apex (Pl. xvi, Figs. 2a, 2c). 

The mouth opening is small and situated nearer the anterior margin. 

The anal opening is oval and placed at the upper part of a nearly verti- 

cal anal sulcus. The upper margin of this sulcus forms a beak-shaped 

prominence that overhangs the opening (PI. xxvu, Fig. 2d). 

Related forms.—lIt is separated from C. pusillus Clark, the other 

American species, by its narrower outline, more inflated sides, and the 

anterior position of its apical disk. In form it is somewhat like C. 
columbarius, which is widely distributed in the Cenomanian of Europe, 

but the position of the apical disk at once distinguishes it. 

Locality and geological horizon.—This species is from the yellow 

limestone of the middle marl bed (upper Cretaceous) of Timber creek, 

New Jersey. 

Oollection.—Philadelphia Academy of Natural Sciences, 

CATOPYGUS PUSILLUS Clark. 

Plate xxvu, Figs. 3a-d. 

Catopygus pusillus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test ovate to subquadrate, rounded an- 

teriorly, subquadrate posteriorly, broader behind than before; upper 

surface elevated; base concave. Ambulacra narrowly lanceolate, sub- 

petaloidal on the upper surface. Apical disk small, nearly central. 

Mouth opening small, anteriorly placed. Anal opening oval, in vertical 

sulcus beneath overhanging arch. 

Dimensions.—Length, % inch; width, ;*; inch; height, 3 inch. 

Description.—All the specimens of this species examined by the writer 

are casts, that are, however, sufficiently well preserved to admit of the 

determination of all the more important characters. The test is ovate 

to subquadrate, occasioned by the slight angularity of the posterior 

margin. The anterior portion is regularly rounded. 

Bull, 97-——5 
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The ambulacral areas are narrow, the posterior pair only ee 

longer than the anterior. 

The interambulacral areas are wide and composed of large plates. 

The apical disk is small and situated nearly in the center of the upper 

surface. ‘ 
The mouth opening is small and placed forward of the center of the 

base. The anal opening is situated in a nearly vertical suleus that 

is overhung at its upper extremity by a projecting arch (Pl. xxv, 

Fig. 3c). 

Related forms.—Catopygus pusillus is separated from C. oviformis by | 

its broader and slightly subquadrate form, less rounded sides, and 

nearly central position of the apical disk. 

Locality and geological horizon.—Catopygus pusillus is from the lower 

marl bed (upper Cretaceous) of Wordills, Monmouth county, New Jer- 

sey, 
Oollection.—U. S. National Museum. 

CASSIDULUS Lamarck. 

CASSIDULUS FLOREALIS (Morton). 

Plate xxvu, Fig. 1a-—l. 

~Clypeaster sp. Morton, 1830. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol. 6, p. 202. 

~Clypeaster florealis Morton, 1833. Amer. Jour. Sci., Ist ser., vol. 23, p. 294. 

~Clypeaster florealis Morton, 1834. Synop. Organ. Remains Cretaceous, p. 76, Pl. 3, Fig. 

12, and PI. 10, Fig. 12. 

~Pygurus florealis Agassiz and Desor, 1847. Cat rais., p. 141. 
Clypeaster florealis Bronn, 1848., Index Pal., p. 312. 

-Faujasia florealis d’Orbigny, 1853-60. Paléent. frangaise, vol. 6, p. 319, Pl. 920, 

Figs. 5, 6. 
Faujasia florealis Desor, 1858. Synop. des Echinides fossiles, p. 318. 

~Clypeaster florealis Gabb, 1859. Synop. Invert. Fossils, Cretaceous, p. 18. 

Cassidulus florealis Meek, 1864. Smith Mise. Coll., vol. 7 (177), p. 2. 

~Pygurus florealis Conrad, 1868. Geol. of New Jersey, App., p. 722 

Cassidulus florealis Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subcongidal in outline, subpentag- 

onal, slightly longer in the antero-posterior diameter than the lateral, 

rounded anteriorly, angular posteriorly; apex slightly forward of the 

center. Ambulacra narrow; poriferous zones petaloidal on the upper 

two-thirds of the dorsal surface. Interambulacra wide, covered with 
small perforated tubercles. Apical disk small, situated anteriorly. 

Mouth opening pentagonal, with well-developed floscelle. Anal opening 

supramarginal, in short, narrow sulcus. 

Dimensions.—Length, 13 inches; breadth, 14 inches; height, 3 inch. 

Description.—This species, the pabliest of this genus recognized from 

American deposits, has a subconoidal test of moderate height, with a 

subpentagonal margin. The angularity is more pronounced posteri- 

orly than anteriorly, the anterior portion of the margin being dis- 

tinetly rounded, The antero-posterior diameter is but slightly greater 
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_ than the lateral, while the height is a little more than one-half of the 

same. The apex is a short distance in front of the center of the upper 
surface, the slope of the anterior face being sharper than the posterior 

(Pl. xxvinl, Fig. 1c). 

The ambulacral areas are narrow. The poriferous zones consist of a 

double row of pores that are arranged in petaloidal form on the 

upper two-thirds of the dorsal surface, and as phylloidal expansions in 

the vicinity of the mouth edges (PI. xxvi1l, Fig. le). In the petaloidal 

portion the pores of the inner row are oval, those of the outer elon- 

gated, and each pair united by a shallow furrow (PI. xxvitt, Fig. 1/). 
Toward the margin the pores are smaller and placed near together 

(PL xxviul, Fig. 1g), and so continue until near the peristome, when 

the poriferous zones suddenly expand. At this point the pores increase 

in size and distance from one another. Between the oral lobes the po- 
riferous zones again suddenly contract. 

The interambulacral areas are of unequal width; the anterior pair are 

the narrowest; the three posterior are of about equal width and nearly 

one-half wider than the anterior. The surface of the plates is irregu- 

larly covered with numerous small perforated tubercles with sunken 

areolas, between which are numerous microscopic granules (Pl. Xx V1, 
» Fig, 12). 

The apical disk is composed of four perforated genital and five small 

ocular plates. The fifth genital is apparently obsolete, as it could not 

be observed on any of the several very perfect specimens examined. 

The large right antero-lateral genital plate, the madreporite, extends 

across the disk, forming a large portion of the center of that body (PI. 
XXvill, Fig. 1)). 

The mouth opening is large, pentagonal, and slightly nearer the 

anterior margin. It is surrounded by five prominent lobes, that pro- 

ject over the oral opening. Between the lobes the ambulacra are con- 

tracted and beyond the same expand to form wide phylloidal areas. 

The peculiar, somewhat star-shaped, form thus produced has been 

termed floscelle by Desor (Pl. xxvii, Fig. 1b). 

The anal opening is small, circular, and supra-marginal, and is situated 

in a Short, narrow sulcus (Pl, xxvii, Figs. la—1d). 

Related forms.—Cassidulus florealis is allied to C. equoreus, though 

the latter is more depressed and more elongated. C. swbconicus pre- 

sents some points of similarity, but has a more sharply defined pen- 

tagonal outline, a differently situated anal opening, and more elongated 
pores in the outer rows of the petaloidal areas. 

Locality and geological horizon—This species is reported from the 

lower marl bed (upper Cretaceous) of New Jersey and Delaware. 

Collection.—Philadelphia Academy of Natural Sciences, 
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CASSIDULUS ASQUOREUS Morton. 

Plate xx1x, Figs. la-t. ; 

Cassidulus equoreus Morton, 1834. Synop. Organ. Remains, Cretaceous, p. 76, Pl. 3, Fig. 

14. : 

Cassidulus wquoreus Desmoulins, 1837. Etudes sur les Echinides, p. 146. 
Cassidulus equoreus Agassiz and Desor, 1847. Cat. rais., p. 141. 

Cassidulus equoreus V@Orbigny, 1847. Prodrome, vol. 2, p. 271. 

Cassidulus cequoreus Bronn, 1848. Index Pal., vol. 1, p. 244. 

Cassidulus wquoreus @Orbigny, 185360. Paléont. frangaise, vol. 6, p. 329, P1. 926, Fig. 

6-12. 
Cassidulus equoreus Desor, 1858. Synop. des Echinides fossiles, p. 290. 

Cassidulus equorum Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18. 

Cassidulus equoreus Meek, 1864. Smith Mise. Coll., vol. 7 (177), p. 2. 

Cassidulus equoreus Conrad, 1868. Geol. of New Jersey, App., p. 722. 

Cassidulus equoreus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subpentagonal, depressed; upper sur- 

face convex; under surface concave, slightly rostrated posteriorly ; | 

apex forward of the center. Ambulacra narrow; poriferous zones peta- 

loidal on the upper surface; contracted above the margin and expanded 

again on the lower surface, much narrowed at the peristome. Inter- 

ambulacra wide, covered with small perforated tubercles. Apical disk 

small, situated forward of the center. Mouth opening small, with flos- 

celle. Anal opening supramarginal, in short sulcus. 

Dimensions.—Length, 14 inches; width, 14 inches; height, 3 inch. 

Description.—This typical Cassidulus, early recognized as such by 

Dr. Morton, has a depressed test, subpentagonal in outline. It is 

longer in the antero-posterior diameter than the lateral. The upper 

surface is convex, with sharp marginal edges, while the lower surface 

is flat, with a slight concavity toward the center. The apex is some- 

what anterior to the center. : 
The ambulacral areas are narrow. The poriferous zones are unigem- 

inal, the pores of the upper part of the dorsal surface arranged in peta- 

loidal form. At a point varying in the different areas from one- 

quarter to one-third of the distance from the margin to the apical disk, 
the zones are contracted and continue as narrow bands over the mar- 

gin and to the vicinity of the peristome, where they broaden again per- 

ceptibly, becoming finally much contracted at the margin of the oral 

opening (Pl. xxrx, Fig. le). The pores are distinct in the petaloidal 

portion (Pl. xx1x, Fig. 1f) and in the broadened area near the peri- 

stome (Pl. xxix, Fig. 1g), but in the intermediate contracted portion. 

are small and indistinct. The interambulacral areas are broad, and 
covered by small perforated tubercles with sunken areolas. 

The apical disk is composed of four perforated genital and five small 

ocular plates. As explained under the previous species, the fifth geni- 

tal is obsolete (Pl. xxrx, Fig. 1h). 

The mouth opening is pentagonal and surrounded by a well-developed 
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floscelle. The oral lobes are very prominent and the ambulacral furrows 
much contracted (Pl. xx1x, Fig. 1%). 

The anal opening is situated in a short suleus on the upper surface 
(Pl. xx1x, Figs. la-1d). 

Related forms.—This species is separated from the preceding, with 

which it has much in common, by its more depressed and elongated 

form. From C. micrococcus it is separated by its sharper apex, more 

angular margin, the position, of the anal opening, and the shorter pore 

openings in the outer rows. 

Locality and geological horizon.—This species is reported from the 

Ripley group (upper Cretaceous) of Alabama. No more definite state- 
ment as to the locality is given. 

Collection.—Philadelphia Academy of N atural Sciences. 

CASSIDULUS MICROCOCCUS Gabb. 

Plate xxx, Figs. la-i. 

Cassidulus micrococcus Gabb, 1860. Philadelphia Acad. Nat. Sci. Proc., p. 519. 

Cassidulus micrococcus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters. —Test oval, rounded anteriorly, slightly ros- 

trated posteriorly; upper surface convex, flattened at the apex; sides 

equally declining. Ambulacra moderately broad; poriferous cones 

petaloidal on dorsal surface; outer row of pores slit-like in petaloidal 
portion. Mouth opening small, pentagonal, with floscelle. Anal open- 

ing oval, situated high on upper surface, in long, narrow sulcus. 

Dimensions.—Length, 13 inches; width, 14 inches; height, ? inch. 

Description.—This species has a distinetly oval form, wider posteri- 

orly. The upper surface is elevated at the margin, but somewhat flat- 

tened at the apex. The sides decline very nearly equally. The base 

is flattened, with a slight concavity at the mouth edges. The posterior 
margin is truncated and slightly rostrated. 

The ambulacral areas are rather broad, contracted about one-quarter 

of the distance from the ambitus to the apex, and narrowed nearly to the 

peristome, where they are again broadened to form indistinct phylloidal 

areas (Pl. xxx, Figs. 1f, 1g). The pores are slit-like in the outer rows 

of the petaloidal portion (Pl. xxx, Fig. 1/). 

The interambulacral plates are covered with minute tubercles, with 

sunken areolas, that increase in size and number on the base (Pl. xxx, 
Fig. 1%). ‘ 

The apical disk is situated slightly in front of the center of the 

- upper surface. The right anterior genital plate, which is modified to 

form the madreporite, is very large. The posterior genital is not de- 

veloped, or if present the suture is obscured (PI. xxx, Fig. 1h). 

The anal opesing is oval, situated high upon the upper surface, in a 

long, narrow, and deep sulcus (Pl. xxx, Figs. la, 1d). 

Related forms.—A comparison of this species with Cassidulus equo- 
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yeus, aS made also by Gabb in his original description, shows that the 

present form is much larger and more oval, and that the anal opening is 

situated higher and in a deeper and longer sulcus, and, furthermore, 
that the pores of the outer row in the petaloidal portion are elongated 

and slit-like. 

Locality and geological horizon.—This species is from the Ripley group 

(upper Cretaceous) of Eufaula, Alabama. 

Collection.—Philadelphia Academy of Natural Sciences. 

CASSIDULUS SUBQUADRATUS Conrad. 

Plate xxx1, Figs. 1 a-h. 

Cassidulus subquadratus Conrad, 1860. Philadelphia Acad. Nat. Sci. Jour., 24 ser., 

vol. 4, p. 291, Pl. 47, Fig. 19. 
Cassidulus subquadratus Clark, 1891. Johns Hopkins University Circulars, No. 87, 

p. 76. 

Determinative characters.—Test subquadrate to subpentagonal, hemi- 

spherical; sides equally declining, upper surface convex; lower surface 

concave; posterior margin truncated and restrated. Poriferous zones 

broadly petaloidal on upper two-thirds of the dorsal surface; sharply 

contracted at lower margin of petaloidal areas. Mouth opening small, 

pentagonal, with well-defined floscelle. Apical disk large, slightly 
anterior to the center. Anal opening round, in deep sulcus. 

Dimensions.—Length, 24 inches; width, 2 inches; height, 1 inch. 

Description.—This remarkably symmetrical Cassidulus has a nearly 

hemispherical form. In outline it is nearer subpentagonal than sub- 

quadrate, due to the rostrated character of the posterior margin, which 

is at the same time truneated. The anterior margin is rounded. The 

lateral edges are nearly parallel, though somewhat more approximated 

anteriorly. The apex is slightly forward of the center. 

The ambulacral areas are moderately wide in the petaloidal por tion, 

narrow beyond. The poriferous zones are composed in the petaloidal 

portion of an inner row of small, nearly circular pores and of an outer 

row of oblique slit-like openings. The pores of each pair are united by 

a Shallow furrow (Pl. xxx1, Fig. 1/). Beyond the petaloidal areas the 

narrow plates of those portions give place to broad plates, each with a 

pair of small, round pores in the lower and outer corner (Pl. Xxxt, Fig. 

1c). In the vicinity of the peristome the poriferous zones expand and 

the pores increase in size, though apparently reduced in number (PI. 

xxxI, Fig. 1g). The last pair of plates are much contracted. 

The interambulacral areas are wide. The plates are covered with 

minute tubercles with depress@d areolas, which become larger and more 

prominent on the lower surface. 

The apical disk is large, composed of four perforated genital and five 

ocular plates. The fifth genital is apparently obsolete (Pl. Xxxt, 

Fig. 1h). 

~~ 4 
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The mouth opening is small, pentagonal, and surrounded by a well- 

developed floscelle. The anal opening is round and situated high 

above the margin, in a deep sulcus, that becomes narrower and shal- 
lower toward the ambitus. 

Kelated forms.—This species is most closely related to Cassidulus 

subconicus, but the latter is much more elevated, while the anal opening 

is situated higher and in a less depressed sulcus than in C. subquadratus. 
_ Locality and geological horizon.—This form is from the Ripley forma- 

_ tion (upper Cretaceous) of Mississippi. The specimen described is from 

Holly Springs, and was collected by Mr. W. J. MeGee. 

Collection—U. S. National Museum. 

CASSIDULUS SUBCONICUS Clark. 

Plate xxxi, Figs. la-k. 

Cassidulus subconicus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test subconical; margin subpentagonal, 

truncated and rostrated posteriorly; apex anteriorly placed. Ambu- 

lacra broad in petaloidal portion, narrow beyond; poriferous zones 

unigeminal, pores with slit-like openings in outer row of petaloidal 

areas. Apical disk large, anteriorly situated. Mouth opening subcir- 

cular, with very prominent floscelle. Anal opening large, situated high 

on upper surface in shallow sulcus. 

Dimensions.—Length, 1§ inches; width, 1? inches; height, 14 inches. 

Description.—The outline of this form is so similar to the one preced- 

ing that there was some hesitation, at first, in establishing it as an inde- 

pendent species. More careful examination of numerous specimens of 

each species has proved the constant occurrence of the individual differ- 

ences. Cassidulus subconicus is, as its name signifies, subconical. In 

marginal outline it is subpentagonal, the posterior border more or less 

rostrated and clearly truncated. The apex is slightly forward of the 

center, giving a somewhat sharper slope to the anterior portion of the 

test than to the posterior. 

The ambulacral areas are broad in the petaloidal portion, beyond 

which they are narrowed. At the margin they again acquire consid- 

erable width, but gradually contract beyond, although expanded for a 

short distance in the phylloidal area near the mouth opening (Pl. XXXII, 

Fig. le). At the peristome the final pair of plates is highly attenuated 

(Pl. xxx11, Fig.1g). The pores of the outer rows, in both the petaloidal 

and phylloidal areas, are in a marked degree elongated. In the inter- 

mediate portion of the column they are small and indistinct. 

The interambulacral areas are more prominent than the ambulacral, 

which are slightly depressed. The surface is covered with minute 

tubercles and a microscopic granulation (Pl. xxx1r, Fig. 1%). 

The apical disk is large, and composed of four pertorated genital 
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plates and five ocular: plates. The fifth genital is apparently obsolete — 

(Pl. xxx11, Fig. 1k). 

The mouth opening is large, subcircular, and surrounded by a very 

prominent floscelle (Pl. xxx, Fig. 1h). The anal opening is large, 

circular, and is situated high above the margin in a shallow sulcus. 

Related forms.—Cassidulus subconicus is closely related to CO. sub-— 

quadratus, but is separated from it by its high subconical test, more 

elevated anal opening, and shallow anal suleus. 
Locality and geological horizon:—Like the preceding species, Cassidu- 

lus subconicus is from the Ripley group (upper Cretaceous) of Missis- 

sippi. 

Collection.—U. S. National Museum. 

CASSIDULUS PORRECTUS Clark. 

Plate xxxtI, Figs. la-b; Plate xxxiv, Figs. la-b; Plate xxxv, 
Figs. la-d. 

Cassidulus porrectus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test very large, subcireular, oval, de- 
pressed; upper surface convex; lower surface concave; broader pos- 

teriorly than anteriorly; apex forward of the center. Ambulacra broad. 
Interambulacra thickly covered with minute tubercles. Apical disk 

small, forward of the center. Mouth opening large, subconical, with 

prominent floscelle. Anal opening supra-marginal, in short shallow 

sulcus. 

Dimensions.—Length, 4 inches; width, 4 inches; height, 2 inches. 
Description—This very large Cassidulus, with one exception the 

‘largest Echinoid in the American Mesozoic, has an irregularly oval, 

depressed test, that is subcircular in marginal outline. The breadth is 
equal to the length, but is greatest in the posterior portion, so that the 

margin appears contracted anteriorly. The apex is some distance for- 

ward of the center and slightly flattened. The posterior margin is 

feebly truncated. 

The ambulacral areas are wide; the contractions below the petaloidal 

region and above the phylloidal continue for short distances, while the 

lowest pair of plates in the column bordering the mouth opening are 

long and greatly attenuated (Pl. xxxv, Fig. la). The pores of the 

outer rows are slit-like in form and obliquely placed (Pl. xxxv, Figs. 

1b, 1c). 
ithe interambulacral areas are prominent; the plates are covered with 

numerous small tubercles, with depressed areolas, which are larger and 

more prominent on the under than the upper surface (Pl. xxx1It. Fig. 

1d). The apical disk is small and is placed forward of the center. 

The mouth opening is large, subcircular, with very prominent flos- 

celle. The oral lobes project far beyond the level of the base and are 

separated by deep ambulacral furrows (Pl. xxxIv, Fig. 1a). 
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The anal opening is large, oval, and is situated at the head of a 

short, narrow sulcus (Pl. xxx1u, Figs. la, 10). 
Related forms.—Cassidulus porrectus is from its size, form, and de- 

tails of structure readily separated from the other species of Cassidulus 

described from the American and European Mesozoic. 

Locality and geological horizon.—Cassidulus porrectus is from the 

Ripley group (upper Cretaceous), of Eufaula, Alabama. In the pre- 

liminary report, published in the Johns Hopkins Circulars, the writer 

incorrectly cites Mississippi as the locality. 

Collection —U.S. National Museum. 

CASSIDULUS STANTONI Clark. 

Plate xxxv, Figs. 2a-—d. 

Cassidulus Stantoni Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76. 

Determinative characters.—Test small, subovate, elevated; upper 

surface convex, lower surface concave; apex forward of the center. 

Ambulacra very narrow. Apical disk small, forward of the center. 

Mouth opening small, with floscelle. Anal opening high above mar- 

gin, in long, narrow, and deep sulcus. 

Dimensions.—Length, 3 inch; width, $ inch; height, 4 inch. 

Description. —This minute acct has a subovate ol an elevated, 

convex upper surface and a concave lower surface. It is broader pos- 

teriorly than anteriorly, and the posterior margin is truncated. The 

apex is situated slightly anterior to the center of the upper surface 

(Pl. xxxv, Fig. 2a). 

The ambulacral areas are very narrow. The petaloidal portion but 

slightly exceeds the remainder in width, which is nearly equal through- 

out. The phylloidal region is feebly outlined. 

The interambulacral areas are broad, but the poor state of preserva- 

tion of the specimens renders it impossible to determine all the details 

of structure. 

The apical disk is small and forward of the center, but not sufficiently 
well preserved to distinguish the individual plates. The mouth open- 

ing is small and surrounded by a feeble floscelle. The anal opening is 

round and situated high above the margin, at the head of a narrow, 

deep sulcus (Pl. xxxv, Figs. 2a, 2d). 

Related forms.—Cassidulus Stantoni is quite unlike any other repre- 

sentative of this genus from American strata, and can not be readily 

associated with any European species. 

Locality and geological horizon.—This species is from the Colorado 

group (upper Cretaceous) of Muddy creek, Huerfano county, Colorado. 

Collection.—U. S. National Museum. 
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HOLASTERID 4. 

Test ovate or cordate. Ambulacra narrow; poriferous zones narrow, 

pores unigeminal. Apical disk elongated, at times so much that the — 

three anterior ambulacra are widely separated from the two posterior. 

Mouth opening excentric, anteriorly situated. Anal opening infra- 
marginal or marginal. 

ANANCHYTES Mercati. 

ANANCHYTES OVALIS Clark. 

Plate xxxvi, Fig. la-h. 

Determinative characters.—Test subovate cordate; contracted pos- 
teriorly; upper surface convex; lower surface flat. Apical disk elon- 

gated, consisting of four perforated genital and five ocular plates 

situated slightly forward of the center. Mouth opening near the an- 

terior margin. Anal opening oval, situated on a slight protuberance 

of the posterior margin. 

Dimensions.—Length, 13 inches; width, 14 inches; height, 14 inches. 

Description.—The two specimens of this species collected by the 

writer are remarkably well preserved and admit of the determination 

. of all the essential features. The test is in lateral outline subovate, 

though somewhat cordate in form when viewed from above or below. 
A marked protuberance (Pl. xxxvi, Fig. le) is present on the posterior 

margin that appears as a slight ridge on the lower surface between: 

the mouth and anal openings. The upper surface is convex. The sides 

are full and- rounded at the ambitus. The base is nearly flat, with the 
exception of the slight ridge and depressed mouth edges. 

The ambulacral areas are wide and straight, attaining their greatest 

width just above the ambitus. The pores are oval, and those of each 
pair are placed at an angle to one another (Pl. xxxvi, Fig. 1g). The 

surface of both the ambulacral and interambulacral plates is covered 

by small tubercles, between which are numerous microscopic granules. 

The apical disk is elongated (Pl. xxxvi, Fig. 1f). The four genital 

plates are large and distinctly perforated. The anterior, right-hand 

genital plate, which serves as the madreporite, is much larger than any 

of the others, being several times the size of the anterior left-hand 
genital, with which it is in contact. The posterior genitals are very 

nearly of equal size. . 

The mouth opening is transversely oblong and situated near the an- 

terior margin. The anal opening is oval and situated on a marked 

protuberance on the posterior margin. 

Related forms.—The present species is the only representative of the 

genus recognized from American deposits. It is more ovate and less 

elevated than the forms described from European strata. 

—— 
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Locality and geological horizon.—This species is from the yellow lime- 

stone of the middle marl bed (upper Cretaceous) of Vincentown, New 
_ Jersey. 

Collection. Johns Hopkins University. 

CARDIASTER Forbes. 

CARDIASTER crIncTuUS Morton. 

Plate xxxvil, Figs. la-h. 

+ Spatangus sp. Morton, 1829. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol. 6, p. 122. 

_Ananchytes sp. Morton, 1830. Am. Jour. Sci., lst ser., vol. 17, /p. 287. 

«Ananchytes cinctus Morton, 18380. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol. 6, 

p. 200. 

Ananchytes fimbriatus Morton, 1830. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol. 

6, p. 200... 

-Ananchytes cinctus Morton, 1830. Am. Jour. Sci., Ist ser., vol. 18, p. 246, Pl. 3, Fig. 7. 

—Ananchytes fimbriatus Morton, 1830. Am. Jour. Sci., Ist ser., vol. 18, p. 245, Pl. 3, 

Fig. 9. 

- Ananchyles cinctus Morton, 1834. Synop. Organ. Remams, Cretaceous, p. 78, Pl. 3, 

Fig. 19. 

-Ananchytes fimbriatus Morton, 1834. Synop. Organ. Remains, Cretaceous, pp. 77, 79, 

Pl. 3, Fig. 20. 

- Holaster cinctus Agassiz and Desor, 1840. Cat. Syst., p. 1. 

. Holaster cinctus Agassiz and Desor, 1847. Cat. rais., p. 133. 

-Holaster fimbriatus Agassiz, 1847. Cat. rais., p. 141. 

. Holaster cinctus @Orbigny, 1847. Prodrome, vol. 2, p. 269. 

Holaster fimbriatus VOrbigny, 1847. Prodrome, vol. 2, p. 269. 

- Holaster cinctus Bronn, 1848. Index Pal., vol. 1, p..593. 

~Ananchytes fimbriatus Bronn, 1848. Index Pal., vol. 1, p. 70. 

~Cardiaster cinctus VOrbigny, 1853-60. Paléont. frangaise, vol. 6, p.147; Pl. 905, Fig. 4. 

Cardiaster fimbriatus @Orbigny, 1853-60. Paléont. frangaise, vol. 6, p. 147; Pl. 905, 

Fig. 3. 

_ Cardiaster cinctus (Cardiaster fimbriatus) Desor, 1858. Synop. des Echinides fossiles, 

p. 346. 

“Ananchytes cinctus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18. 

«Ananchytes fimbriatus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18. 

«Holaster cinctus Credner, 1870. Zeitschr. d. deutsch. geol. Gesells. Xx, p. 218. 

-Holaster cinctus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test cordate, distinctly grooved anteri- 

orly; contracted posteriorly; upper surface convex; lower surface flat. 

Ambulacra wide. Apical disk much elongated, consisting of four per- 

forated genital and five ceular plates situated slightly forward of the 

center. Mouth opening near the anterior margin. Anal opening oval, 

situated on the truncated posterior margin. 

Dimensions.—Length, 2 inches; width, 2 inches; height, 14 inches. 

Description.—This species, which is among the earliest of the Echinoid 

forms recognized from American Cretaceous strata, is distinctly cordi- 

form, with a pronounced groove on the anterior face that is occupied 

by the unpaired ambulacrum. Opposite thereto is a slight ridge at the 

central suture of the unpaired posterior interambulacrum that is sud- 
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denly terminated by the nearly vertically truncated surface of the | 
posterior margin. The sides decline equally to the ambitus, giving an | 
oval outline to the vertical lateral section. The lower surface is nearly 

flat, with the exception of the slight depressions directly at the mouth | 

edges and the elevated area extending from the center of the base to 
the posterior margin. 

The ambulacral areas are wide, apetaloid, and separated at the apex. 

The antero-lateral pair are bent backward in their upper part, beyond | 

which they extend straight to the margin. The postero-lateral pair | 

are bent somewhat forward, after which they extend straight over the | 

margin. The single ambulacrum is situated in the deep anterior sulcus. | 

The pores of the paired ambulacra consist, in the upper portion of the— 

columns, of oblique oval openings united by furrows (PI. xxxvu, Fig. 

1f), while lower down they become small and often indistinet (PLA 

XXXxVU, Fig.1f). In the unpaired ambulacrum the pores are extremely 

small. . 

The surface of the interambulacral as well as of the ambulacral plates — 

is covered with fine granules, among which are irregularly scattered 
numerous small perforated tubercles. 

The apical disk is narrow, elongated. The four perforated genital — 

plates are disposed in pairs, between which two of the five ocular plates 

are situated. Forming the posterior portion of the disk are two more 

ocular plates, while the fifth plate comprises the anterior part. The 

ambulacral areas are on this account separated at their apices (PI. 

XXXVII, Fig. 1h). 
The mouth opening is transversely oblong and is situated near the 

anterior margin of the base. The anal opening is oval and situated on 

the truncated surface at the posterior margin of the test (Pl. xxxvi, 

Fig. 1e). 

Related forms.—This species is separated from Holaster simplex, the 

only other closely related form found in American Mesozoic deposits, 

by its deep anterior sulcus and less inflated upper surface. 

Locality and geological horizon.—Cardiaster cinctus is from the yellow 

limestone of the middle marl bed (upper Cretaceous) of Timber creek, 

New Jersey. 

Collections —Philadelphia Academy of Natural Sciences; American 
Museum of Natural History, New York. 

HOLASTER Agassiz. 

HoOLASTER SIMPLEX Shumard. 

Plates XXxvill, Figs. la-g; Xxx1x, Figs. la-d. 

Holaster simplex Shumard, 1853. Rept. Expl. Red River of Louisiana in 1852, p. 210, 

Pl. 3. Fig. 2. 
Holaster comanchesi Marcou, 1858. Geol. of North America, p. 40, Pl. 3, Fig. 3. 

Holaster simplex Desor, 1858. Synop. des Echinides fossiles, p. 450. 

Holaster-comanchesi Desor, 1858. Synop. des Echinides fossiles, p. 449. 
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Holaster simplex Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 

Holaster comanchesi Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 

Holaster simplex Meek, 1864. Smith. Misc. Coll., vol. 7, (177), p. 3. 

Helaster comanchesi Meek, 1864. Smith. Mise. Coll, vol. 7 (177), p. 3. 

Holaster simplex Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test oblong, cordiform; upper surface 

much elevated, rounded, and grooved on the anterior face; lower sur- 
face flat; apex nearly central. Ambulacra wide; pores unigeminal, 

with slit-like openings in upper portion of the column that become in- 

-distinet toward the margin and upon the base. Apical disk compact 

and not greatly elongated. Mouth opening transversely oval, situated 

“near the anterior margin. Anal opening large, on truncated posterior 
margin. 

Dimensions.—Length, 23 inches; width, 24 inches; height, 2 inches. 

Description.—After the ake careful examination af a large number 

of specimens the writer has been twirable to find any constant characters 

‘that would warrant the separation of the forms described as Holaster 

simplex and Holaster comanchesi. They are accordingly included under 

‘the same species. The test is oblong, cordiform, much elevated, 

rounded above and flattened below. A shallow groove occupies the 
anterior face of the test, producing a feeble emargination of the an- 

terior ambitus. A slight ridge extends along the line of the central 

“suture of the single interambulacrum, which is suddenly terminated by 
the truncated face of the posterior margin. 

- The ambulacral areas are wide. The poriferous zones of the paired 

-ambulacra are in the case of the posterior pair bent more or less for- 

ward in their upper portions, and in the case of the anterior slightly 

backward. The pores of the paired ambulacra have elongated open- 

‘ings in the upper portion (Pl. xxxviut, Fig, 1d) and become very small 

and indistinct below (PI. xxxvul, Fig. le). The pores of the unpaired 

-ambulacrum are exceedingly small. 

The surface of both interambulacral and ambulacral plates are cov- 

ered by small tubercles, between which are numerous microscopic 

granules (Pl. xxx1x, Figs. 1¢, 1d). 
The apical disk is compact and rather short. The four genital plates 

are large and broad. The two interposed oculars are large; the re- 

“maining three very small (Pl. xxxvitl, Fig. 1/). 

_ The mouth opening is large, transversely oblong, and situated near 
the anterior margin (PI. xxxviu, Fig. 1b), The anal opening is oval, 

acuminate above, and situated on the truncated posterior border (P1. 
“XXxIX, Fig. 1b). 

Related forms.—Holaster simplex is separated from Cardiaster cinctus 
_by its more elevated upper surface and shallow anterior sulcus. It is 

very like Holaster levis, var. planus, from the European Cretaceous, but 

is more elevated and distinetly broader posteriorly. 

_ Locality and geological horizon.—This species is from the Washita 

formation of the Comanche series (lower Cretaceous) of Texas, It is 
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found in Bell and Bexar counties, and near Fort Worth; also at Pres- 

ton, Grayson county, on the Red river and at Austin. It is also 

found near Fort Washita, Indian Territory. 

Collection.—U. 8S. National Museum. 

SPATANGID 4. 2 

Test bilaterally symmetrical, generally cordiform. Ambulacra un- 

equal and petaloidal. Apical disk compact. Mouth opening transversely 

bilabiate or pentagonal, situated anteriorly. Anal opening posteriorly 

situated and supra-mafginal. Spines of different sizes. 

ENALLASTER D’Orbigny. 

ENALLASTER TEXANUS (Roemer). 

Plate xxx1x, Figs. 2a-g. 

Toxaster tecanus Roemer, 1849. Texas, etc., p. 393. 

Toxaster texanus Roemer, 1852. Die Kreidebildungen von Texas, p. 85, Pl. 10, Fig. 3. 

Toxaster ungula Giebel, 1853. Jahresber. des naturw. Vereins in Halle, p. 373. 

Enallaster tecasus @Orbigny, 1853-60. Paléont. frangaise, vol. 6, p. 184, Pl. 850, 

Fig. 1-7. 

Toxaster tecanus Conrad, 1857. U.S.and Mex. Bound. Surv. Rept., vol. 1, pt. 2, p. 145, 

Pl. 1, Fig. 2a-2c. 

Enallaster tecanus Desor, 1858. Synop. des Echinides fossiles, p. 358. 

Toxaster texanus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 
Toxaster tecanus Meek, 1864. Smith. Mise. Coll., vol. 7 (177), p. 3. 

Enallaster tecanus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test oblong, cordiform, broad in anterior 

portion, contracted and truncated posteriorly, with deep anterior 

groove; upper surface convex, elevated; base flat, depressed at the 

mouth opening; sides rounded; apex excentric and posterior. Ambu- 

lacra narrow and unequal, the postero-lateral pair much shorter than the — 

others. Apical disk small and compact. Anal opening situated high 

above the margin. 

Dimensions.—Length, 13 inches; width, 14 inches; height, $ inch. 

Description.—The exact limitations of this species have in most of — 
the earlier publications been very imperfectly designated. Other 

forms, even one of a different genus, have been included. The test 

is oblong, cordiform, and elevated. The upper surface is convex, with 

a well-defined anterior groove, narrow and slightly depressed at its 

head. On the posterior face the surface is truncated to the margin. 

The sides are rounded and inflated. The base is flat, except for the 

peristomial depression near the anterior margin and the central ele- 

vated region extending from the same to the posterior border. 

The ambulacral areas are narrow and very unequal. The antero- 

lateral pair are large and curved backwards in their upper portions. 

The pores are very unequal; those of the anterior zone are small and 

near together, those of the posterior elongated, the external nearly: 
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twice as large as the internal series (Pl. xxxrx, Fig. 2e). There are 
about 35 pairs of pores in the petaloidal portion of each poriferous 

zone. 
The postero-lateral pairs are short and quite symmetrical in structure. 

There are 16 pairs of pores in the petaloidal portions of each poriferous 

zone. 
The anterior unpaired ambulacrum is situated in the anterior groove, 

and is wider than the other areas. An elongated pore appears in the 

external rows on alternate plates. On the intervening plates the 

-small rows are closely approximated (Pl. xxxrx, Fig. 2/). In the lower 

_ portion of each column the plates are large and oblong. A pair of minute 
pores occupy the lower outer corner of each. 

_ The surface of the test is covered with'a minute granulation, scat- 
tered among which are numerous small tubercles. 

The apical disk is small and compact, and the four large genital 

plates are distinctly perforated. The right antero-lateral plate occupies 

the center of the body. The five small oculars are wedged in between 

the genitals (Pl. xxxrx, Fig. 29). 

The mouth opening is transversely oblong and situated in a depres- 

sion. 

The anal opening is situated high upon the truncated posterior 

margin, and is small and oval, acuminate below (P1. xxx1x, Fig. 2d). 

Related forms.—It seems not improbable that Spatangus columbianum, 

described by Lea in 1840, from the United States of Colombia, may 
prove to be identical, or at least very closely related to the Texan 

form. The indistinct figure shows a different arrangement of the pores 

in the antero-lateral ambulacra, but it is doubtful whether it can be de- 

- pended upon for such details of structure. It seems unwise, however, 

toreplace the term texanus when any doubt upon this point still remains. 

Enallaster peruvianus, described by Gabb in 1876, from material ob- 
tained from Peru, seems to be identical. 
Among the European Enallasters none apparently are closely related 

to Enallaster texanus. 

__ Locality and geological horizon.—Enallaster texcanus is found widely 

in Texas in the Fredericksburg formation of the Comanche series 

_(lower Cretaceous). Ifis characteristic of the Comanche peak horizon. 

— Collections.—U. 8. National Museum; Texas Geological Survey; Bos- 
ton Society of Natural History; Prof. Robt. T. Hill. 

> 

ENALLASTER OBLIQUATUS Clark. 

Plate xu, Figs. la-l. 

Determinative characters.—Test oval, cordiform; upper surface con- 

vex, flattened and depressed anteriorly, elevated posteriorly; lower 

surface flat, with peristomial depression; apex forward of the center. 

Ambulacra narrow, unequal, Surface of the plates covered with small 

dual \ 



80 MESOZOIC ECHINODERMATA OF THE UNITED STATES.  [Buit. 97. 

tubercles and intervening microscopic granulation. Apical disk com- 

pact. Mouth opening transversely subpentagonal. Anal opening situ- 

ated on truncated posterior margin. 

Description.—This species has a broad cordiform test, that is flattened 

and slanting on the anterior upper surface, whence the name obliquatus. 

The anterior groove is deep, wider at its head, and cuts broadly into 

the anterior margin. The posterior portion of the test is elevated near 

the apex and obliquely truncated toward the margin. The sides are— 

sloping anteriorly, fuller posteriorly. The base is flat with a deep 

peristomial depression. 

The ambulacral areas are narrow and nequan The antero-lateral — 

pair are slightly depressed and curved backwards in the upper portion. 

The pores are unequal, those of the anterior zone small and near 

together, those of the posterior elongated, the exterior much more so — 

than the anterior series (Pl. xL, Fig. 1f). There are about forty pairs : 

of pores in each zone. 
The postero-lateral pair are short and slightly depressed. The | 

pores are more nearly equal and about twenty-four pairs are found in — 

each zone. The single ambulacrum is placed in the anterior groove — 

and is much wider than the paired ambulacra. The pores of the 

different plates vary in size and position (Pl. xu, Fig. le). The plates 

in the lower portions of the areas are large and oblong in form. ij 

The surface of the test is covered with minute tubercles between 

which is a microscopic granulation. The apical disk is small and com- 

pact (Pl. x, Fig. 17). 

The mouth opening is transversely subpentagonal (Pl. xu, Fig. 1h). 

The anal opening is oval and situated high on_the ures posterior 

margin (Pl. xu, Fig. 1d). | 

Related Goreme obliquatus is separated from EH. texanus, : 

the only other representative of this genus from the Cretaceous deposits — 

of the United States, by its broader more depressed form, more sunken 

anterior sulcus, and the lower position of the anal opening. It is closely 

related to HE. mexicanus, described by Cotteau, in 1890, from material 
obtained from Mexico. 

Locality and geological horizon.—This species is from the Fredericks- ~ 

burg formation of the Comanche series (lower Cretaceous) of Texas. 

It is characteristic of the alternating or Glen Rose beds of Austin and ~ 
Glen Rose. : . 

Collections.—U. 8. National Museum; Texas Geological Survey. 

EPIASTER D’Orbigny. 

EPIASTER ELEGANS (Shumard), _ : 

Plate xi, Figs. la-b; Plate xu11, Figs. la-b; Plate xxi, Figs. la-e. 

Hemiaster elegans Shumard, 1853. Rept. Expl. Red River of Louisiana in 1852, p. 210, 

Pl. 2, Figs. 4a—4e. 

Toxaster elegans Gabb, 1859, Cat. Invert. Fossils Cretaceous, p. 19. 
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: Toxaster elegans Meek, 1864. Smith. Mise. Coll., vol. 7 (177), p. 3. 

_ Maeraster texanus Roemer, 1888, Neues Jahrbuch fiir Min., Geol., u. Pal., Bd. 1, pp. 
iy 191-195, Pl. 6, Figs. 1-4. 
‘ Epiaster elegans Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters—Test large, oblong, cordiform, flattened 

c y both above and below; sides rounded, rich a Shallow anterior groove 
and truncated posterior mar gin. a iiiinas ra subpetaloidal, depressed ; 
: _ poriferous zones straight, pores with elongated, slit- Ge openings. 

- Apical disk small, compact. Mouth opening transversely oval, situated 

; near the anterior margin. Anal opening oval, situated on the truncated 

2 posterior margin. 

_ Dimensions.—Length, 4 inches; width, 33 inches; height, 2 inches. 

Pieeipiion,Roomer in 1588 established a new genus anil species 
- (Macraster texanus) for a form that is identical with Hemiaster elegans 
described by Shumard in 1853. The species properly belongs to the 
genus Hpiaster. There does not seem to be a sufficiently wide differ- 

ence between the characters assigned to Macraster and those properly 

belonging to Kpiaster to warrant the acceptance of the former genus 
_ for the present species. 

_ The test is very large and flattened on both the upper and lower sur- 

faces. Thesidesareround. The groove on the anterior face is shallow 

and cuts the margin lightly. The posterior face is obliquely but not 

_ broadly truncated. 
_ The ambulacral areas are nearly equal, depressed, with a distinct 

furrow on the upper surface (Pl. x1, Fig. 1a), The poriferous zones 

are long, wide, and straight, and the pores consist of slit-like openings 

(Pl. xu, Figs. 1b, 1c). The zones are subpetaloidal on the upper sur- 

- face, peaching quite to the upper margin of the rounded sides. The 

“unpaired ambulacrum is narrower than the others; the pores are smaller 

: and more closely approximated. 

_ The surface of both areas is covered with minute tubercles, between 

which are microscopic granules (Pl. xu, Fig. 1d). 
- The apical disk is small, compact, and consists of four large perfo- 

rated genital plates and five small oculars (Pl. xL1, Fig. 1e). 
The mouth opening is transversely oval and situated near the anterior 

margin (Pl. xi, Fig. 1a). 

The anal opening is large, oval, and situated on the truncated face of 

the posterior margin (Pl. xLu, Fig. 10). 
Related forms.—Epiaster elegans is most nearly related to HE. Whitei, 

the single other American representative of this genus, but is separated 

from it by its great size, its excessively long subpetaloidal areas, and 

the position of the anal opening, which is on an obliquely truncated sur- 

face that opens downward, while on HL. Whitei it is situated on a vertical 

- face that opens upwards. 

Locality and geological horizon.—Epiaster elegans is from the Washita 
formation of the Comanche series (lower Cretaceous) of Texas. It is 

EB Bull. 97-——6 
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characteristic of the Fort Worth limestone, and is found at numerous | 

localities between Denison and E] Paso. 

Collections.—U. S. National Museum; Johns Hopkins University; 

Boston Society of Natural History; Texas Geological Survey; Prot 

Robt. T. Hill. 

EPIASTER WHITE! Clark 

Plate xii, Figs. 2a-d; Plate xLiv, Figs. la-g. 

Toxaster elegans Conrad, 1857. U.S. and Mex. Bound. Surv. Rept., vol. 1, pt. 2, p. 146, 

Pl, 21, Fig. la-e.! 

Epiaster Whitet Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test small, cordiform; upper surface con- 

vex, elevated; lower surface flat; sides inflated; apex forward of the — 

center. Ambulacra moderately broad; poriferous zones petaloidal, 

pores with elongated openings; antero-lateral pair bent slightly back- 
“ward in upper part. Apical disk oval. Mouth opening transversely 

oval. Anal opening small, oval, situated high on posterior border. 

Dimensions.—Length, 14 inches; width, 12 inches; height, ? inch. 

Description.—This species has been frequently confounded with 

Enallaster texanus and Epiaster elegans. With the former it has little 

in common beyond a certain similarity in outward form, while the points 

of difference from the latter are less striking and will be shortly stated. 
The test is small and cordiform. The upper surface is distinctly 

elevated, the apex occupying a point anterior to the center. The lower 

surface is flat with the exception of the peristomial depression. The 

sides are inflated with a well marked groove at the center of the an- 

terior face and a prominent truncated surface on the posterior margin. 

The ambulacral areas are moderately broad. The poriferous zones 

are subpetaloidalin their upper part, but this feature doesnot continue 

to the margin (PI. xuiit, Fig. 2c). The pores in the paired ambulacra 

are all of about equal size and equally spaced. In the unpaired ambu- 

lacrum they are smaller and nearer together. The antero-lateral pair 

are bent slightly backward in their upper part. They are distinctly 

larger than the postero-laterals. i 

nf 

The interambulacral areas are prominent and the surface of the plates 4 

covered with minute tubercles and microscopic granules (Pl. XLIV, 
Fig. 1c). 

The apical disk is small, compact, and consists of four large perforated 
genital plates and five oculars. 

The mouth opening is transversely subpentagonal and situated near 

the anterior margin (Pl. xiv, Figs. 1), 1/). 
The anal opening is small, oval, and situated high on the truncated 

posterior margin (Pl. x11, Fig. 2b). 

Related forms.—In many particulars Hpiaster Whitei is to be closely 

associated with H#. elegans. It is, however, more elevated, the ambu- 
. 

1 Figured under the naine of Holaster elegans. 
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~ laeral furrows are shorter, and the anal opening is differently situated, 

as previously mentioned in the description of the latter species. 

_ Locality and geological horizon.—Epiaster Whitei is from the Washita 

formation of the Comanche series (lower Cretaceous) of Texas. It is 

found in the Duck creek chalk of Denison, associated with Hamites 
_ Fremontii Marcou. 

Collection. —U. S. National Museum. 

HEMIASTER PARASTATUS (Morton). 

Plate xiv, Figs. la—m. 

Spatangus cor-marinum (?%) Morton, 1830. Am. Jour. Sci., Ist ser., vol. 18, p. 259, PI. 
3, Fig. 10. 

_ Spatangus cor-marinum (?) Morton, 1830. Philadelphia Acad. Nat. Sci. Jour., 1st ser., 
vol. 6, p. 199. 

_ Spatangus parastatus Morton, 1833. Am. Jour. Sci., Ist ser., vol. 23, p. 294. 

Spatangus parastatus Morton, 1834. Synopsis Organ. Remains, Cretaceous, p. 77, Pl. 
3, Fig. 21. i 

 Hemiaster parastatus Agassiz and Desor, 1847. Cat. rais., p. 141. 

Hemiaster parastatus VOrbigny, 1847. Prodrome, vol. 2, p. 270. 

 Spatangus parastatus Bronn, 1848. Index Pal. vol. 1, p. 1160. 

_ Hemiaster parastatus @Orbigny, 185356, Paléont. francaise, vol. 6, p. 265, PI. 894, 
fo Pig. 4, 

_ Hemiaster parastatus Desor, 1858. Synop. des Echinides fossiles, p- 373. 

| Holaster parastatus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 
_ Hemiaster (?) parastatus Meek, 1864. Smith. Mise. Coll., vol. 7 (177), p. 3. 

: Hemiaster parastatus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

_ Determinative characters.—Test cordiform, inflated; upper surface 
elevated, with deep groove on anterior surface and sharp ridge pos- 

 teriorly that is terminated by the flat, nearly vertical, truncated face 

of the posterior margin. Ambulacral petals depressed, the anterior 

_ pair twice as long as the posterior. Apical disk small, compact. 

“Mouth opening with distinct, overhanging lip. Anal opening small, 

situated high on truncated surface. 

__-Dimensions.—Length, 14 inches; width, 15 inches; height, 14 inches. 

4 Description.—This interesting and rather common form has a high, 
 eordiform test, with deep anterior sulcus and high posterior ridge on 

s the upper surface, the latter terminated by the high and nearly verti- 

cally truncated face of the posterior margin. The sides are rounded a 

. and inflated. The base is flat, with the exception of the peristomial 
> 

depression. 

~ The ambulacral areas are very unlike. The poriferous zones are 

distinctly petaloidal (Pl. xiv, Fig. 1e). The petals of the postero- 

- lateral pair are short and broad. Those of the antero-lateral pair are 
bent backward at their center, depressed, and about twice the length 

_ of the postero-lateral pair. The pores are slightly elongated (Pl. xLy, 

q Fig. 1h). The unpaired ambulacrum is very broad, the poriferous 
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zones far apart, and the pores small and approximated (Pl. xLv, Fig. 1f)._ 

The surface is covered with small tubercles, between which are nu-— 

merous microscopic granules (Pl. XLv, Figs. Lf, 1g, 17, 11, and 1m). 

The apical disk is small and situated posteriorly to the center of the 

upper surface. The four genital plates are distinctly perforated and — 

separated by the five small oculars (Pl. XLv, Fig. In). 

The mouth opening is transversely arched and bilabiate. The lower 

lip projects prominently. The anal opening is small and situated high 

on the truncated surface of the posterior margin. The peripetalous — 

fascioleis broad and distinct (Pl. XLv, Figs. 17, 1k). 

Related forms.—Hemiaster parastatus is most closely related to H. 

ungula, from which, however, it is separated by its deeper and broader 

anterior sulcus, more posterior position of the apical disk, and more 

inflated sides. It is apparently distinct from any of the many species 

described from European deposits. 

Locality and geological horizon.—H. parastatus is from the yellowslime- 

stone of the middle marl bed (upper Cretaceous) of Timber creek, 
New Jersey, and also from the Ripley group (upper Cretaceous) of 

Alabama. 

Collections.—Philadelphia Academy of Natural Sciences; American 

Museum of Natural History, New York; Johns Hopkins University. 

ae 
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HEMIASTER Desor. 

HEMIASTER STELLA (Morton), 

Plate xvi, Figs. la-d. 

Spatangus stella Murton, 1830. Am. Jour. Sei., 1st ser., vol. 18, p. 245, Pl. 3, Fig. 11. 

Spatangus stella Morton, 1830. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol. 6, p. 

200. E 

Spatangus stella Morton, 1834. Synop. Organ. Remains Cretaceous, p. 78, Pl. 3, Fig. 18. 

Hemiaster stella Agassiz and Desor, 1847. Cat, rais., p. 141. 

Hemiaster stella Desor, 1858. Synop. des Echinides fossiles, p. 373. 

Hemiaster stella Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 

Hemiaster (?) stella Meek, 1864. Smith Mise. Coll, vol. 7 (177), p.3. 

Hemiaster Wetherbyi de Loriol, 1887. Recueil Zoologique Suisse, f. 4, pp. 391-394, Pl. 

17, Figs. 5-8. 

Hemiaster incrassatus Clark, 1891. Johns Hopkins University Circulars, No. 87, p.77. 

3 

Determinative characters.—Yest small, oval, cordate, inflated, rounded 

before, truncated behind; upper surface elevated posteriorly, sloping 

anteriorly; anterior groove short, not reaching the ambitus. Ambula- 

cra straight, depressed above. Apical disk excentrie and posterior. 

Mouth opening bilabiate and near the anterior border. Anal opening 

small, high above posterior margin. Fasciole distinct. 

Dimensions.—Length, 1 inch; width, $ inch; height, 3 inch. 

Description.—This form was originally described by Morton in 1830, 

and later, in 1833, considered by the same writer as the young of — 
the species for which the name parastatus was then substituted. In — 

presenting a preliminary notice of the present report the writer followed — 
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_ Morton in this regard, but the examination of a larger amount of mate- 
4 rial shows that the new species, H. incrassatus, there described is only a 

large form of H. stella, so that it becomes necessary to discard the former 
term and employ both H. stella and H. parastatus of Morton. Hemiaster 

Wetherbyi de Loriol is apparently identical with WZ. stella Morton. 

The test is small, oval, and cordate, and much elevated on the pos- 

terior portion of the upper surface. The whole test has a rounded, 
full-outline, that is much increased by the absence of the usually deep 

anterior groove, which in /Z. stella does not reach the margin (PI. XLVI, 

Fig. la). The posterior border is flatly and nearly vertically truncated. 

_ ‘The ambulacral areas are depressed in the petaloidal portions which, 

in the antero-lateral pair, are twice as long as in the postero-lateral. 

The poriferous zones are narrow; the pores have transverse slit-like 

openings. The unpaired ambulacruin is situated in the anterior groove. 
The surface of the test is covered with innumerable small tubercles, 

_ between which is a microscopic granulation, The peripetalous fasciole 

is very distinct, oval, and passes with a regular curve about the ends 

of the petaloidal areas. The surface of the test is covered with minute 
tubercles, between which are microscopic granules. The apical disk 

is small, and situated posteriorly to the center of the upper surface of 

the test. 

The mouth opening is transversely oval, bilabiate, and placed near 

the anterior margin. The anal opening is small, oval, and situated at 

the upper part of the truncated posterior margin. 

kelated forms.—Hemiaster stella is unique among American Hemias- 

ters. The shallow anterior groove, that falls short of the margin, and 

the full elevated test readily distinguish it from other forms. 

Locality and geological horizon.—Hemiaster stella is found in the yel- 

low limestone of the middle marl bed (upper Cretaceous) of Timber 

creek, New Jersey. 

Collections.—U.S. National Museum; Philadelphia Academy of Nat- 

ural Sciences; Johns Hopkins University. 

ee a es 

HEMIASTER UNGULA (Morton). 

Plate xLvti, Figs. 2a—g. 

Spatangus sp. Morton, 1830. Am. Jour. Sci., Ist ser., vol. 17, p. 286. 

Spatangus ungula Morton, 1835. Amz Jour. Sci., Istser., vol. 23, p. 151, Pl. 10, Fig. 6. 

Spatangus ungula Morton, 1834. Synop. Organ. Remains, Cretaceous, p. 78, Pl. 10, 

Fig. 6. 

_ Micraster ungula Agassiz and Desor, 1847. Cat. rais., p. 141. 

Spatangus ungula Broun, 1848. Index Pal., vol. 1, p. 1161. 

Holaster ungula Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 

Hemiaster angula Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test oval, cordiform, elevated; upper sur- 

_ face inflated, elevated posteriorly; lower surface flat; sides sloping; 
anterior sulcus narrow and deep. Ambulacra narrow; poriferous zones 

straight, depressed, petaloidal. Peripetalous fasciole deeply bent 
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inward between the anterior and posterior paired ambulacra. Apical 

disk small, compact. Mouth opening transversely oval near anterior — 

margin. Anal opening oval, supramarginal. 

Dimensions.—Length, 14 inches; width, 1{-inches; height, { incl. 
Description.—This species has an oval, cordate test, that is very much 

elevated in the posterior portion. Anteriorly the upper surface slopes 

rapidly, so that the margin is much thinned down, losing the full round 

aspect of the previously described forms. The sharp ridge on the pos- 

terior portion of the test is terminated by a nearly vertical truncation 

of the posterior margin. The base is flat, save for the peristomial de- 

pression. 

The ambulacral areas are narrow. The poriferous zones are petaloi- 

dal, straight, and deeply depressed on the upper surface. The unpaired 

ambulacrum is placed. in the anterior suleus and but slightly exceeds 

the other areas in width. The petals of the antero-lateral pair are twice . 

the length of the postero-lateral. The pores of the paired ambulacra 

are elongated and separated (Pl. xXLv1, Fig. 2e), those of the single am- 

bulacrum small, oval, and approximated (Pl. xLvt, Fig. 2/). 

The surface of the test is covered with small tubercles, between 

which are numerous minute granules. The peripetalous fasciole is dis- 

tinct and bent outwards between the anterior and posterior paired 

ambulacra. 
The apical disk is small and situated posterior to the center of the 

upper surface. The antero-lateral genital plate is very large and widely 

separates the posterior pair of oculars. The postero-lateral genitals 
have large perforations (Pl. XLVI, Fig. 29). 

The mouth opening is transversely oval, bilabiate, with a prominently 

projecting lower lip. The anal opening is large and situated at the 

upper part of the truncated face of the posterior margin. . 

Related forms.—It is separated from Hemiaster parastatus, with which 
itis found, by the narrower anterior groove, more central apical disk, 

less inflated sides, sharper posterior keel, and straight ambulacral 

plates. 

Locality and geological horizon.—Hemiaster ungula is from the yellow 

limestone of the middle marl bed (upper Cretaceous) of Timber creek, 

New Jersey. 

Collections.—Philadelphia Academy of Natural Sciences; American 

Museum of Natural History, New York. 

HEMIASTER TEXANUS Roemer, 

Plate xLvil, Figs la-1. 

Hemiaster tecanus Roemer, 1849. Texas, etc., p. 393. 

Hemiaster teranus Roemer, 1852. Die Kreidebildungen von Texas, p. 85. Pl. 10, Fig. 4. 

Hemiaster americanus Giebel, 1853. Jahresber. d. Naturw. Ver. in Halle, p. 372, 373. 

Hemiaster texanus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19. 

Hemiaster tecanus Meek, 1864. Smith. Mise. Coll., vol. 7 (177), p. 3. 

Hemiaster texanus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 
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<Determinitive characters.—Test oval, cordate, declining anteriorly, 

Beiorates slightly posteriorly; anterior suleus bao id and deep, produc- 
_ ing groove in margin. Ambulacra broadly depressed on upper surface; 

4 antero-lateral pair bent backward in upper part; unpaired ambula- 

erum very broad. Apical disk compact, the four genitals distinetly 

- perforated. Mouth opening large, transversely oval, bilabiate. Anal 

opening large, oval, at center of truncated surface of posterior margin. 
- Dimensions.—Length, 14 to 2 inches; width, 14 to 1} inches; height, 

tol inch. 

__ Description.—This important species is broadly cordate and slightly 

depressed on the upper surface; base flat. Posterior to the apex there 
is a sharp ridge that declines gradually toward the obliquely truncated 

margin. Anteriorly the upper surface declines toward the anterior 

_ border. 
— The ambulacral areas are broad, very unequal, and depressed in the 

petaloidal portions. The poriferous zones are broad, the pores of the 
paired ambulacra elongated (PI. xLvut, Fig. 1e), those of the single am- 
—bulacrum round and approximated (Pl. xLvrt, Fig. If). The petals of 

_ the antero-lateral pair are bent backward in their upper part ‘and are 

nearly twice the width of the postero-lateral pair. The single ambu- 

-laerum is very broad, the poriferous zones widely separated. 

- The surface of the test is covered with small tubercles that are per- 

-forated and for the most part crenulated (PI. xLvu, Fig. 1h, li), A 

microscopic granulation fills the intertubercular space. 

_ ‘The apical disk is small and compact and situated near the center. 

The four genital plates are distinctly perforated; the antero-lateral is 

larger than the-others and serves‘as the madreporite. The tive oculars 

are wedged between the genitals and are deeply cut by the upper por- 

tions of the ambulacra (Pl. xtvu, Fig. 19). 

The mouth opening is large, transversely oval, and bilabiate. The 

_ anal opening is large, oval, and situated in the center of the truncated 

_ surface of the posterior margin (Pl. xvi, Fig. 1d). 

Related forms.— Under the name of Hemiaster americanus, Giebel pub- 

lished the description of a new species of Hemiaster, in 1853, that he 

states can be with difficulty distinguished from H. texanus. It is con- 

_ sidered identical in the present report. The differences seem hardly to 

“warrant the establishment of a new species. Periaster australis, des- 

_eribed by Gabb, from Peru, so far as the figures and description show, 

tmust be a Hemiaster, and to all appearances is closely allied if not 

identical with H. texanus. 
Locality and geological horizon.—Hemiaster texanus is from the upper 

3 division of the Cretaceous of Texas. It is characteristic of the Austin 

- chalk. : 

- Collections.—U. S. National Museum; Prot. Robt. T. Hill. 
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HEMIASTER HUMPHREYSANUS Meek and Hayden. « 

Plate xLvuil, Figs. la-/. 

Hemiaster (2?) Humphreysanus Meek and Hayden, 1857. Philadelphia Acad. Nat. 

Sci. Proc., vol. 9, pp. 147, 148. 

Hemiaster (?) Humphreysanus Gabb, 1859. Cat. Invert. Fossils Cretaceous, p. 19. 

Hemiaster (?) Humphreysanus Meek, 1864. Smith. Mise. Coll., vol.7 (177), p. 3. 

Hemiaster Humphreysanus Meek. U. S. Geol. Surv. of the Territories, vol. 9, pp. 5, 

6, Pl. 10, Figs. la-g. 

Hemiaster Humphreysanus Clark, 1891. Johns Hopkins University Cirenulars, No. 

87, p. 77. 

Determinative characters.—Test oval, cordate; upper surface high, 

flat, with broad, vertical truncation on posterior margin, and long 

anterior groove; base flat; sides rounded. Ambulacra in deep furrows 

that reach to the edge of the elevated sides. Apical disk large and 

compact, posteriorly situated. Mouth opening small, transversely oval, 

and bilabiate. Anal opening oval, situated high on posterior margin. 

Dimensions.—Length, 14 inches; width, 13 inches; height, # inch. 

Description.—The absence of distinet fascioles on the type specimens 

of this species caused Meek and Hayden to place it doubtfully in the 

genus Hemiaster, to which beyond doubt it belongs. The test is full, the 

sides rounded, and the high upper surface distinctly flattened. The 

base is also flat, with the exception of the peristomial depression. The 

situation of the apex so far posterior to the center of the upper surface 

re 

i —_ =. 

\ 

produces a long anterior sulcus, that grooves the anterior margin. A 

high, vertically truncated surface terminates the posterior margin. 
The ambulacral areas are broad, very unequal, and deeply depressed 

on the upper surface. The petals of-the postero-lateral pair are very 

short, those of the antero-lateral very long, the latter quite three 

times the length of the former. The unpaired ambulacrum, occupies 

the long anterior sulcus. The antero-lateral pair are bent backward 

in the upper part and forward in the lower. The poriferous zones are 

broad, the pores distinct and oval (PI. xLyiit, Figs, le, 17). Since much 

of the surface of the test has suffered removal the~character of the 

tubercles and granules can not be fully determined. 

The apical disk, which has been largely destroyed, was large, com- 

pact, and situated far posterior to the center of the upper surface. — 

The mouth opening is small and situated near the anterior margin. 

The anal opening is oval and situated on the vertically truneated sur- 

face of the posterior margin (Pl. xLv111, Fig. 1d). 

Related forms.—Hemiaster Humphreysanus is a unique form, that is 

not closely related to any species of Hemiaster hitherto described. 

Locality and geological horizon.—This species is from the Fort Pierre 

formation (upper Cretaceous) of Meek and Hayden and was found 150 

miles from the mouth of the Yellowstone river in Montana. 

Collection.—U. 8. National Museum. 
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HEMIASTER DALLI Clark. 

7 Plate xLvy1tt, Figs. 2a-e. 

. Hemiaster Dalli Clark, 1891. Johns Hopkins University Circulars, No. 87, pp. 77. 

_ Determinative characters.—Test cordate, subhexagonal, depressed; 

upper surface with sharp ridges between the ambulacral furrows; base 

_ flat; sides rapidly declining; anterior margin deeply grooved. Ambu- 
lacra unequal, very deeply depressed on petaloidal portions; antero- 

lateral pair much bent in upper part, Mouth opening transversely 

oval, near anterior margin. Anal opening oval, situated on vertically 

- truneated surface of posterior margin. 

 Dimensions.—Length, 13 inches; width, 18 inches; height, % inch. 

Description.—This species is much depressed, with distinct marginal 

angles that give it a subhexagonal outline. Prominent ridges cross 

‘the upper surface between the ambulacral furrows. The anterior sulcus 

cuts deeply into the test and grooves the anterior margin. The sides 

decline rapidly to the flattened base. The low posterior surface has a 

nearly vertical truncation of small area. 

- The ambulacral areas are very deeply depressed on the upper sur- 

face, a feature much more pronounced than in any other American 

species. The antero-lateral pair are bent backward in their upper 

part, and have long, deep furrows. The postero-lateral pair are about 

one-half the length of the anterior pair. The single ambulacrum is 

situated in the broad, deep, anterior sulcus. The poriferous zones in 

the paired ambulacrum are broad, the pores oval, those of each pair 

united by a shallow furrow (PI. xuvitl, Fig. 2e). In the unpaired am- 

_ bulacrum the poriferous zones are narrow, the pores small and approxi- 

mated. 
The surface is covered with small tubercles with sunken areolas 

that increase in size toward the base, where they are large, with dis- 
tinctly perforated mamelons and crenulated bosses. A fine microscopic 

granulation fills the interspaces. 

The apical disk is sunken, small, and posterior to the center of the 

upper surface. 

The mouth opening is transversely oval and close to the anterior 

Margin. 

The anal opening is oval and situated on the truncated surface of the 

posterior border (Pl. xLyiit, Fig. 2d). 

Related forms.—The very deep ambulacral furrows and angular out- 

line readily separate Hemiaster Dalli trom any other American species. 

It is not closely allied to any European form. 

_ Locality and geological horizon —This form is from the Washita 

- formation of the Comanche series (lower Cretaceous) of Bexar county, 
~ Texas. 

 Oollection.—U. S. National Museum. 
; 

A 



90 MESOZOIC ECHINODERMATA OF THE UNITED STATES,  (wvxt.97. 

HEMIASTER CALIFORNICUS Clark. | ee 4 

Plate xLIx, Figs. la-e. 

Hemiaster californicus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test small, subquadrate, depressed; up- 

per surface flat, with shallow anterior sulcus, sloping sides, and low 

truncated posterior margin; lower surface flat. Ambulacra depressed, 

in shallow furrows. Apical disk small, posterior to center. Mouth — 

opening transversely oval near anterior margin. Anal opening situ- — 

ated on the low truncated surface of the posterior margin. a 

Dimensions.—Length, 1 inch; width, 1 inch; height, 4 inch. 

Description.—This form, the single representative of the Echinoder- — 

mata thus far obtained from the Cretaceous deposits of California, has 

the details of its structure poorly preserved in the specimens examined, 

although it belongs, beyond much doubt, to the genus Hemiaster. 

The test is small, much depressed, and subquadrate in ambital outline. — 

It is broader anteriorly, with a teeble groove in the center of the ante- 

rior margin. The posterior portion of the test is but slightly more 

elevated than the anterior, and the truncated margin is low and narrow. 

The base is flat, with the exception of the peristomial depression. 

The ambulacral areas are but slightly depressed in the petaloidal 

portions. The poriferous zones are broad, and the oval pores are united 

by shallow furrows (Pl. xLIx, Fig. 1a). 

The apical disk is small atid situated slightly forward of the center. 

The mouth opening is transversely oval and situated near the ante- | 

rior margin (Pl. xL1x, Fig. 1b). The anal opening is small, oval, and 
situated on the low, truncated surface of the posterior border. 

Related forms.—On account of its shallow ambulacral furrows, Hemi- — 

aster californicus may be compared to H. Humphreysanus, but is readily 

separated from it by means of its more central apical disk and its 

depressed form. It is a very unique species. 

Locality and geological horizon.—H. californicus is from Redding, 

Shasta county, California, in deposits that have been referred to the 

Chico group (upper Cretaceous). 

Collection —U. 8S. National Museum. 

HEMIASTER CALVINI Clark. 

Plate xLix, Figs. 2a-1. 

Determinative characters.—Test oval, cordate, inflated; upper sur- — 

face elevated; lower surface flat; posterior margin obliquely truncated. — 
Ambulacra moderately depressed on the upper surface. Mouth open-— 

ing transversely oval. Anal opening oval, high-on truncated posterior — 

border. 
Dimensions.—Length, 14 inches; width, 14 inches; height, § inch. 

Description.—This species has an elevated test that is oval, cordate, — 
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and ani, truncated on the posterior margin. The anterior sulcus is 

shallow, and produces but a feeble groove on the anterior margin. The 
“3 base is flat. 
: The ambulacral areas are narrow. The poriferous zones are broad; 

: the petals moderately depressed and of good length; the pores in the 

petaloidal portions of the paired ambulacra elongated, slit-like (PI. 

_ XLIX, Fig. 2e), those of the unpaired ambulacrum small and approxi- 

mated (PI. xirx, Fig. 27). Beyond the petals the pores are very small, 

-and occupy the lower outside corner of each plate (Pl. xLrx, Fig. 2/). 

The surface of the plates is covered with small perforated tubercles, 

rather widely scattered, between which a microscopic granulation in- 

tervenes. The peripetalous fasciole is indistinct. 

The apical disk is small, compact, and nearly central (Pl. xL1x, 

Fig. 2%). 

The mouth opening is small, transversely oval, and situated at a dis- 

tance from the margin. ; 

The anal opening is oval and situated high on the truncated surface 

of the posterior margin. 

Related forms.—Hemiaster Calvini is most closely related to H. tex- 

anus, from which, however, it is separated by its more elevated form 

and small, narrow, anterior sulcus. The apical disk is also more ex- 

centric. 

Locality and geological horizon.—Hemiaster Calvini is from the Shoal 

creek limestone at the top of the Comanche series (lower Cretaceous) of 

Texas. It is found in Travis county. 
Collections.—U. 8S. National Museum; University of Iowa. 

< LINTHIA Merian. 

LINTHIA TUMIDULA Clark. 

Plate L, Figs. la-i. 

Linthia tumidula Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Determinative characters.—Test oval, cordiform, elevated; apex cen- 

tral; posterior border obliquely truncated, anterior portion grooved by 

harrow sulcus; sides sloping. Ambulacral furrows long, straight, de- 

pressed; poriterous zones broad, pores oval. Apical disk small, nearly 

central. Anal opening on truncated posterior border. Peripetalous 

and lateral fascioles distinct. 

Dimensions.—Length, 24 inches; width, 2 inches; height, 14 inches. 

Description.—This large form has an elevated test, with flattened, 

sloping sides, oval outline, and a narrow, moderately depressed anterior 

sulcus that grooves the anterior margin. The base is flat, except for 

the peristomial depression. 

The ambulacral areas are narrow and furrow for a long distance the 

upper surface of the test to a moderate depth. The poriferous zones 
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are broad and straight. The pores are large and oval, and those of — 

each pair connected by a shallow furrow (PIL L, Fig, 1f). The antero- 

lateral petals reach far down the sloping sides and are about one and — 

one-half times as long as the postero-lateral pair. 

The surface of the test is covered with minute, perforated tubercles 

that are much larger on the base than on the upper surface. A micro- 

scopic granulation fills the space between the tubercles (Pl. L, Fig. 12), 

Both the peripetalous and lateral fascioles can be readily traced. 

The apical disk is small, nearly central, and slightly depressed (Pl. | 

L, Fig. 19). 

The mouth opening is transversely oval and situated near the 

anterior margin. The anal opening is small, oval, and situated but a 

short distance above the posterior margin (Pl. L, Fig. 1d). 

Related forms.—L. tumidula is the only representative of the genus 

from American deposits. It is not closely allied to any species de- 

scribed elsewhere. 2 

Locality and geological horizon._—_Linthia tumidula is from the yellow 

limestone of the middle marl bed (upper Cretaceous), of Timber creek, 

New Jersey. 

Collections.—American Museum of Natural History, New York; Bos- 

tonSociety of Natural History. 

DOUBTFUL AND UNRECOGNIZED SPECIES. 

With few exceptions the writer has had an opportunity of examining 

the type forms of previous writers upon the Mesozoic Echinodermata of — 

the United States, and as a result Cassidulus abruptus Conrad, Arbacia 

sp. Roemer, and Diadema sp. Roemer are the only species that can not 

be identified. Three other species—two from lack of generic charac- 

ters (Pygurus (?) geometricus (Morton) and Cidaris nahalakensis de 

Loriol), the third (Discoidea occidentale Gabb) because of probable 

foreign origin—are not included, although the synonymy of each is 

given for purposes of reference. A single specific name (Holectypus 

simplex Roemer) has found its way into the literature from its use in 
Gabb’s Catalogue, although probably mentioned by mistake. 

CASSIDULUS ABRUPTUS Conrad. 

Cassidulus abruptus Conrad, 1860. Philadelphia Acad. Nat. Sci. Jour., new ser., vol. 4, 
p. 291. 

Cassidulus abruptus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

This species, originally described by Conrad in 1860, but not fi gured, 

is from Tippah county, Mississippi. It has not been recognized in 

material examined by the writer, so that its relations to the other forms 

described are not known. 

PYGURUS (?) GEOMETRICUS (Morton). 

Clypeaster sp. Morton, 1830. Philadelphia Acad. Sci. Jour., Ist ser., vol. 6, p. 202. 

Clypeaster geometricus Morton, 1833. Am. Jour. Sci., 1st ser., vol. 24, p. 131, Pl. 10, 

Fig. 9. ; 

pe els 
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‘Clypeaster geometricus Morton, 1834. Synop. Organ. Remains, Cretaceous, p. 76, Pl. 10, 
Fig. 10. 

— Pygurus geometricus Agassiz and Desor, 1847. Cat. rais., p. 141. 
Pygurus geometricus VOrbigny, 1847. Prodrome, vol. 2, p. 270. 

-Clypeaster geometricus Bronn, 1848. Index Pal. vol. 1, p. 312. 

Pygurus geometricus VOrbigny, 1853-60. Paléont. francaise, vol. 6, p. 313, Pl. 920, 

Fig. 4. 
Pygurus geometricus Desor, 1858. Synop. des Echinides fossiles, p. 313. 

Clypeaster geometricus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18. 

Pygurus (?) geometricus Clark, 1891. Johus Hopkins University Circulars, No. Of; Dalle 

‘The type of this species was examined by the writer, but its state of 

preservation (that of a poor cast) is such that its generic relations can- 

not be with certainty determined. Until further material is obtained 

it seems best to defer its recognition. 

_ Although originally described by Morton as a Clypeaster, it has been 

; referred to the genus Pygurus by Agassiz, V@Orbigny, and Desor. The 

single specimen was obtained from the lower marl bed (upper Creta- 

- ceous) of the Delaware and Chesapeake canal. 

.. 

CIDARIS NAHALAKENSIS de Loriol. 

_ Cidarisnahalakensis de Loriol, 1887. Recueil Zodlogique suisse, tome 4, pp. 388, 389, 
Pl. 17, Figs. 3-4. 

The present species is based by P. de Loriol upon fragment of spines 
4 _ obtained from the Rotten limestone of the upper Cretaceous of Nahalak, 

_ Kemper county, Mississippi. The acceptance of the species is reser ad 

until fuller material has been obtained. Similar spines have been 

: recognized by the writer from other localities, but whether they repre- 
_ sent an independent species or one hitherto described is not yet 
t le: 
‘ C ear. : 

’ ‘ DISCOIDEA OCCIDENTALE Gabb. 
” 

iscoidea occidentale Gabb, 1860. Philadelphia Acad. Nat. Sci. Jour., new ser., vol. 4. 
, 

‘ ta 

D 

p. 398, Pl. 68, Figs. 42-44, 
Discoidea occidentale Gabb, 1876. Philadelphia Acad. Nat. Sci. Proc., vol. 28, p. 323. 

: Discoidea occidentale Clark, 1891. Johns Hopkins University Cakonton No. 87, p. 77, 

— When first described in 1860 Gabb referred this form to the Cretace- 

_ ous of Oregon, but later, in 1876, thought he might have been mistaken 
in the locality and Mentioned Ber uas its probable origin. In view of 

this doubt it is omitted from the list of species. 

2? HOLECTYPUS SIMPLEX Shumard. 

? Holectypus simplex Shumard (description unknown). 

_ Holectypus simplex Meek, 1864. Smith Mise. Coll., vol. 7 (177), p. 2. 

_ ? Holectypus simplex Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77. 

Meek includes Holect, ypus simplex Shumard among his list of American 

f Cretaceous Echinodermata and gives Texas as the locality. As acareful 

- search of the literature and eeidadad correspondence with those familiar 

with Shumard’s writings fail to elicit any information upon this point, 

_ the writer is of the opinion that the reference to this species by Meek 

is a mistake. No such species was probably ever described. 

j 
é 

y 

F 
: 
‘a 

E 
> 



—— e , awa Nha ea OBE at SN aa ee, Ge RPES, AS Te ea NS Ye MR a a 
7 2 . ~ te: yt ay 

94 MESOZOIC ECHINODERMATA OF THE UNITED STATES, [pon 97. 

GEOLOGICAL DISTRIBUTION. 

—_— 4 

Lower | Upper 
Trias. | Jura. | Creta- | Creta-— 

-| ceous. | ceous. 

CRINOIDEA: . 
UINTACRINIDA— 

Uintacrinus'socialis Grinnell 222. sce2s-ere5secens a ceee ecco Meee eee ane meee eee x 
APIOCRINIDA— 
Bourgueticrinus alabamensis de Loriol -.....---..---.--2----|.--.- 22-2. eae t|e cece oes x 

PENTACRINIDAD— 
Pentacrinus asteriscus Meek and Hayden ..--.--....--...---|.--.:--- xX WS eee ee ee 
Pentacrinus Whitei Glamk 923 2-2 <e ion seasee. poiceisens ae ees x(%) x “ 
Pentacrinus Bryan) Gab. -e-ssescs eee ase eetee cee tes se eo ce cielen eee eee eee x 

ASTEROIDEA: 
OPHIURIDAS— 
Ophioslyplia bridgerensis/ (Morton). 22-2. eos meee te ies ee ae eee ee ee 
Ophierly pha texan! Clarke oneal eerie eet ewes onion eee pales eae eal ae 4 

STELLERIDA— 
Asterias.()) dubium Whitfield 222. <ofeose.0- chest. toners a sees Xt aliincns See See ‘ 
Goniaster mammuiullata Gabb-..-.-.-.-.------. ESS wioeSe ae Kee se Soa] Oo ee ee eee et ae eee x 

ECHINOIDEA: 
EQUECHINOIDEA— 
REGULARES— 
CIDARIDAE— 

Gidazis taylorensis Clarke: oo) 2225 . soon guneieciide cic ved cae ae ope nee cls Soa ere le eet 
Ciddris califormicusiGlark 1c c.f. soot cane en eae me an fe eee Se 
Cidarisisplendens:- Morton :\. oo oo + po Sana oe a erretage le, eles ate ee ere le neice | x 
Cidaris Walcopti; Clark -c2tes 55 ae Roh Sek a alee a eee ae ee pee tera eae ea ee 
Cidaris-texanns ‘Clark: aucss-20t enc toca oct bow Roan oe ose a ere tee | ete atone Koi Ptastese 
Beiocidaris hemigranosus:(Shumard)iss-to- 2-5 ecco oe saceeloe ceo] ce eee Xo Shee eee 

SALENIDAE— _ 
Salenia texan’; Credter? =. co onc te ce oe ee seek cae ee a) eee oer eeeeeioee KG ee 
Salenia tumidula Clarkss- 3-2: -625. 2554-5 er Big ele Sete af See eines freee OS |e a ree x 
Salenia bellolar Clark: 225/258 Sees oo hace kei na Sel ata eee | eee Pee ee DS 

DIADEMATIDA— 
Heémicidaris intumescens Clarks: so>--- cose eee ae alee eee b geri errs Ne fae 
Pseudodiadema mersoni Glark (2-223. 22 [22a ese eee eee eee ae Kt cal B28 a Cid Se 
‘Pseeudddiadema diatretum:( Morton)... 32+ Seen ee. oct nlee e es ol ae tae | Serene x ‘ 
Pseudodiadema texanum (Roemer) ..------..---------------- ett a Pree) Gye Sa serine % 
Diplopodia'texanum (Roemer) —.222 242: s2ee oe sone ene ane oe lepers lee eee p deri (ees) ay a 
Diplopodia Halli: Clark.2 . 23-44 22s 32 se FE es ees ce | ee eat owe ces eee x 5 
sCoptosomaspeciosum: Clark <2 5 sect -contge Seb ee oes seen | ec os oes enceae| serene x id 
Coptosoma-Mortoni (de. Loriol) 22228 fo est eee tt ote elas bas eee eel oe eee x = 
Goniopy pus: ZibteliiGlark 2 sac. ae eae ei ee teen mene ee sme ec eaal| Sede Sea bee tea Seas oh a 

EcHinipza— ’ 
Psammechinus cingulatus: Clark os5 Jc. aes ano home -kwe wa Sac aoe eee hee seal ee eee x : 
Stomechinus Hyatti Clark x 3 
Pedinopsis, PondiClark. (ho~-ssecean ess come cee ee tene ness leteeR eee : 

TRREGULARES— 
ECHINOCONIDAD— 

Holectypus:planatus Roemer. 2- so= 552262 osc seee a= ahi mech eee ee aes pe oe fee ay 
CASSIDULID Aa— 
PYM aeParnyaeba el: e722 a eee sk erste Riess tata al ahha ae eee ane a ee re x 
Botriopyrus alabamensis Clank 2-225 0 22a5- eo arenes te re eee 2) ae peer aes 
Echinobrissus ‘expansus ‘Clark, »--4.- 52222225222 eee Seeds ae Eth ia a ha 
Wehinobrissus texanus Clark -t22 3520s: see we ee eee pe eeeketWyS 
Trematopygus:crucifer:(Morton)y- 2252. 22, smectite Stee sae lee tee rete ae 
Catepy gus ovitormis\€ ofivad <22~ 2.2 ois soe ee oes ey Sele Se eee eee eae 
Gatopy cus pusillus:-Olarkss: -s0 So se cece nn} e oa sete ee eee a a ee 
Cassidulus florealis: (Morton) 2oss< 62 2322 - see eee co eee ee *| yet ata’ | are act Se COS ae 
Cassidulus zquorets ‘Morton: 3. 2252s 2-525. 22 - ace alee eee ee] aes eee 
Cassidulus microtoecus: Gabbe: s.0a-.coot ae ee es ae ee oe |e eel ee tee ele 
Cassidulus'subqtiadratus Conrad: 22S ssc eae ee hee dae ee oe eee ee 
Cassidulus;sabeonicus Clarks © oo lee eres eee os ae ee a ee ese ae ee 
Wassidnlusporrectus(Glarkst sek SoS sas enie och eons Stee nei] eae eo eres 
Cassidulus: Stantoni-Clarktct cet. clones. tes oe oe ere oe oe oe ee eee eee 

HOLASTERIDAE— 
Ananchytes ovalis: Clark 325 23 s254. 2 2 s-cnis ec Saeed ate ats he | See as lek ee | Se 
Wardiaster cinctus (Morton) ost eee see hice cat sont ee eee SE \twn cota eh kee pre he 
Holaster/simplex Shtmiand: srt ase Se uek s Sate eee aed eee eer eet ee os x! Me Soe P 

SPATANGIDAE— ; 
Enallaster tex anus: (ROGmer) Gas. oes ane Foc s eee ne Se a eel ere ete ees faba ee “ 
Hnallaster obliquatus @iark 2. 5225520892. sece See a eee [iresrotagsab = Xx ; 
Epiaster:elegans-(Shumard):- 9... 22. 252. 25 o- a2 5 eee Se eee PEE a <oAleeet ee ‘ 
Hpiaster awihiter Clank. 22 os sone see cee aoe eee AE ase ee, SOSt Bl Behe epes i 
iHemiaster stella-(Mortgn): 2. she ose oe beste eae eee Se teehee eran s pty EE MS a, '5)2 x 
Hemiaster parastatus (Morton) 2 too tease Senco aeee et aS eee x 
Hemiaster unpula (Morton) ok: soa o6 Stee era Se peed a bean ee x 

x 

x 

. ' ' i ' s . 

—— ee cl 

2 

XK KKRKKKMKXXK KX 

oe 

Hemiaster texanus Roemer = 5. = 2-2 - skies fe oes oes ee eee pea eel ee pele 3 
Hemiaster Humphreysanus Meek and Hayden’. ©. 2.2.2. 2-2 |5 2... 5c} 2 | eee 
HeénrniasterDalli'Clarkes sees: cece paeinere fee Stamens Eee ora eg setae! ara pee esis 28) 
Hemisster-californicus' Clarks=2-< sect eae sea oe ee eee [ise 2s Pea 5 pe cal Seema x 
HMemiaster CalviniiGlari 02s. sacha cs ates none cee eee eee | gee lon@ecete ale cee 

| 
Hinthia bomidnla Clarkss: a052.ee-.snceeeee he fi Be ee Ne ete 
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CATALOGUE OF SPECIFIC NAMES EMPLOYED BY WRITERS UPON 

THE MESOZOIC ECHINODERMATA OF THE UNITED STATES. 

Page 

Oo 

i 

Rr anchytes sp. Morton, 1830=Cardiaster cinctus (Morton) .... 7 
¢ cinctus Morton, 1830=Cardiaster cinctus (Morton. ........ Rey (5 

cinctus Morton, 1834=Cardiaster cinctus (Morton) ........ 75 

t cinctus Gabb, 1859=Cardiaster cinetus (Morton)...... 2... 75 

| eruciferus Morton, 1830='Trematopygus crucifer (Morton). 63 
j fimbriatus Morton, 1830=Cardiaster cinctus (Morton) .._. . 6 

fimbriatus Morton, 1834=Cardiaster cinctus (Morton) ..... 75 
fimbriatus Bronn, 1848=Cardiaster cinctus (Morton) ...... 15 

e fimbriatus Gabb, 1859=Cardiaster cinctus (Morton). ...... ree 
, Bra a Crem etches te A he MONE ore ek APL TS Fe 74 

¢ ;Arbacia sp. Roemer, 1849=unrecognized .......... --.--.---. 92 
SAsterias ? dubium Whitfield, 1877.............2..022022.2000. 31 

? dubium Clark=Asterias dubium Whitfield ........ 2.2... 31 
mesotriopygus alabamensis Clark ......-.-.5..02.22.....0. 00 -ee 60 

; Bourgueticrinus alabamensis de Loriol, 1882 ...... 2.2... 0.2.2... 25 

alabamensis Clark= Har oRORUunts alabameusis de Loriol 25 
Seeoraiaster cimretus-(Morton).\.. 2... 2.6.22. 75 

cinctus @Orbigny, 1853~60=Cardiaster cinctus (Morton) -. 75 
_  einetus (fimbriatus) Desor, 1858=Cardiaster cinctus (Morton) 75 

__ ginetus Clark=Cardiaster cinctus CNKGRGOM YEAS 52.50) 5 Seve oe raz 

_ fisnbriatus d’Orbigny, 1853~’60=Cardiaster cinctus (Morton) 75 

SOassidulus abruptus Conrad, 1860... .......2....2..2..02.22-. 92 

:: zquoreus Morton, 1834........-...... Spe Ronereadn er Ii. 68 

4 equoreus Desmoulins, 1837=Cassidulus equoreus Morton . 68 

_ _.- equoreus Agassiz, 1847=Cassidulus eequoreus Morton. .... 68 

—_s quoreus VOrbigny, 1847=Cassidulus equoreus Morton. - . 68 

; equoreus Bronn, 1845=Cassidulus equoreus Morton. ..... 68 

; equoreus VOrbigny, 1853—60=Cassidulus equoreus Morton 68 

‘ equoreus Desor, 1855=Cassidulus equoreus Morton ...-.. 68 
equoreus Gabb, 1859=Cassidulus equoreus Morton. .....- 63 

4 equoreus Meek, 1864=Cassidulus eequoreus Morton .....-. 638 

: zquoreus Conrad, 1868=Cassidulus eequoreus Morton -..-. 638 

if ezequoreus Clark=Cassidulus eequoreus Morton .........--- 68 

OSL OULON | Pha eK ee ee ls. ae bo vee 66 
florealis Meek, 1864=Cassidulus florealis (Morton). ....--. 66 

florealis Clark=Cassidulus florealis (Morton) .......--.--. 66 
‘ PPOCOCCHS CAD, LOU... ine oo SE he Ae eee cee 69 

micrococcus Clark=Cassidulus micrococeus Gabb .......-- 69 

: Pe URIS OLMIG POON, Spo i Pe ee en bo ete gee wee oe 72 
SETA PAMG ED UE oaiScrcry 2 ot. <\afe'a( div toug'- tA ine ae Sa ee ee 73 
GeareornciiaUiaricn 18ok Sees oo fo Sy ko Se ee oe 71 
Subquadratus Conrad, 1860 . 2. 2.2 2..222 2 22. Siete ee 70 

_-subquadratus Clark=Cassidulus subquadratus Conrad... . 70 
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Page. 

Catopycus oviformis Conrad, 184705. . 2 Wists es. a ee ee 64. 

oviformis Clark=Catopygus oviformis Conrad ......-..---. 64 

pusillus’ Glark. ? >. 2 S22. Fisgcn Oe eee ee ee - epee 65 

Cidaris sp. Morton, 1829=Cidaris splendens Morton. ......-.-- he 33_ 

armiger Gabb, 1859=Cidaris splendens Morton .....-...-- Bis ie 

armiger Clark=Cidaris splendens Morton -.........-...-- 33 

califormicnus Clark. oh 6 So eee ee eee 36 

clavigera Credner, 1870= Pseudodiadema diatretum (Morton) 46 
diatretum Morton, 1833= Pseudodiadema diatretum (Morton) 46 | 

diatretum Bronn, 1845=Pseudodiadema diatretum (Morton) 46 

diatretum Gabb, 1859=Pseudodiadema diatretum (Morton) 46 

diatretum Giebel, 1853=Salenia texana Credner ........-. 40 

hemigranosus Shumard, 1860=Leiocidaris hemigranosus 

(Shumard).’.22.-....-. Rie oe Sal elec a ae She pete ok ea 38 
hemigranosus Meek, 1864=Leiocidaris hemigranosus (Shum- 

BUYS oo ore SIS eS DOS again wie oe am pete tanta eta 38 

hemigranosus White, 1883=Leiocidaris hemigranosus (Shum- 
BRO) ve ote pbs ta Bete eee fe eae Cie eae Sasi oe 38 

nahalakensis-de Loriol; 1887 °. - col2 ced bi eee eee ee 93 | 
nahalakensis Clark =Cidaris nahalakensis de Loriol.-....-. 93 — 

sceptrifera Credner, 1870=Pseudodiadema diatretum Mor- 
Gon 68 Be eo ee ee 46 

splendens Morton. >< =. 2.23224 Lea oe be ee eee 30 

splendens Clark=Cidaris splendens Morton ..........--.-- 33 

splendeus Gabb, 1859=Cidaris splendens Morton .-...-...-- 33 

taylorensis Clark 2. 2227).2 5.2 ee eet wie oe ee 35 

texanus Clark, 1891 22S. Sil es Gonos eee eee 36 

Wealcotti (Clark, 41891. 232.8 ee See ee 37 

Cidarites armiger Morton, 1842=—Cidaris splendens Morton. . .-- 33 
diatretum Morton, 1834=Pseudodiadema diatretum (Morton) 46 
splendens Morton, 1841=Cidaris splendens Morton. .-.....- 33 

Clypeaster sp. Morton, 1829=Cassidulus florealis (Morton)... - - 66 

geometricus Morton, 1833=Pygurus (?) geometricus (Morton) 

geometricus Morton, 1834=Pygurus (?) geometricus (Morton) 92 

geometricus Bronn, 1848=Pygurus (?) geometricus (Morton) 

) geometricus Gabb, 1859=Pygurus (?) geometricus (Morton 92 

florealis Morton, 1833—Cassidulus florealis (Morton). ..--.- 66 
florealis Morton, 1834=Cassidulus florealis (Morton). ..---. 66 — 
florealis Bronn, 1848=Cassidulus florealis (Morton) ......-- 66 
florealis Gabb, 1859=Cassidulus florealis (Morton) -...-..-- 66 

Coptosoma: Mortoni(de Loritel) 2 ..2 <2 2.20 does eee. eee 51 
speciosum Clark, US9L ce 2 2s oc oa ee ee eee ee eee 52 

Cyphosoma Mortoni de Loriol, 1887=Coptosoma Mortoni (de i 
Teoriol) Fe isk ein oe ea ae eT en 51 

speciosum Clark, 1891=Coptosoma speciosum Clark....... 52 
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2 ~ Oyphosoma texanum Roemer, 1852=Diplopodia texanum (Roe- 
3 MIE pMeeY ree Se raise ofS. VoD. Ree tye ace yo date 
& texanum Conrad, 1857=Diplopodia texanum (Roemer)... .. 

: texanum Gabb, 1859=Diplopodia texanum (Roemer): ..-. 2. 

= texanum Gabb, 1869=Diplopodia texanum (Roemer). ...... 

~ Diadema Sp. Rouen: PSN = NNLOCULMIZON 6 Sc. 's 5 Sadie cases 

4 diatretum Agassiz and Desor, 1847=Pseudodiadema dia- 
4 tretum (Morton) emo me Hee ap ae ie oe ee ame ete 
; texanum Roemer, 1849=Diplopodia texanum (Roemer)... - . 
: texanum Roemer, 1852—Pseudodiadema texanum (Roemer) . 

F texanum Gabb, 1859=Pseudodiadema texanum (Roemer). - 
_ Diplopodia ienaneatt (INGO) Pes. 2 Uae ot rons gus arts kee sa 

texanum Clark=Diplopodia texanum (Roemer)............ 
POF PMN ABR eee bore A Na eth ns aa os Pa Sa w anielg gue ae ond 

by ee pee eee occidentale Gabb, 1876=Discoidea occidentale Gabb ...... 
occidentale Clark, 1876=Discoidea occidentale Gabb -..... 

_ Echinobrissus cruciferus @Orbigny, 1854=Trematopygus cruci- 
PERE PRUOUGOM USE, 30a eee. cic DSL 5D bce. os SOG 

PeepatenIs CLAP RAO ok osc hk kt Gas donee Soot wi ke Soe 

texanus Clark, 1391 Te fe Be a i Toate tiene Dy rat nd PR RAS 

- Echinus Sp. Morton, 1830=Cidaris splendens Morton .........- 
- Enallaster PANY DUS AORN Re at 2 oe Se ots a Ba deny oa BY ee oe 
: (LEY DoT e te Sor er el PR 2 a eens ee omar 

: texanus Desor, 1858=Enallaster texanus (Roemer) ........ 

: texanus Clark=Enallaster texanus (Hoemer): 2% sins 

: texasus d’Orbigny, 1853-’60= Enallaster texanus (Roemer). 

_Encrinites sp. Shiel, 1855=Pentacrinus asteriscus Meek and 
b ayalen. asset Ses se te oe SAS Be On ae eet 

Spiaster elegans(Shumard)....2. ........02..02.--24-5-- eee 
_ elegans Clark=Epiaster elegans (Shumard)............-.-- 

Beige lanky Tou k. oe os ee ot oats tee Bs elo ee es 

Faujasia florealis mening. 1853~60=Cassidulus florealis (Mor- 

SRE eee ALS Span Sort elt cea atl a, =) Lis, S055 22/4 208, oo wie a6 8, he 

florealis Desor, 1858=Cassidulus florealis (Morton) ....-.--. 
Goniaster mammillata_Gabb, 1876 ...................-.....0.. 

mammillata Clark=Goniaster mammillata Gabb .........- 
meeeopy cus, Aitteli Clark,1891 2.02... 2. be ee te eS 
Hemiaster americanus Giebel, 1853=Hemiaster texanus Roemer. 

er ae mS Eee Ora ‘eas 

Mr Ay 

SERIO HMLG ic Veen tit oe 3 Se Sa Ss jee eee 

PEIN MER tre te an ch os sc oa g a tte ao oak pee 

ERNE Ue Soa sb Seale ae Woohoo ry ebb ee 

ey eee le ee eS 
elegans Shumard, 1853=Epiaster elegans (Shumard)...... 

; Humphreysanus Meek & Hayden, 1857...............-..- 
Humphreysanus Gabb, 1859=Hemiaster Humphreysanus 

= re PRON = et 92 to dh aoa a cee Hewe Net ana oe 
a Bull, 97 7 

48 

50 

oo 

o'6) 

yayanasaa 

ors) 

ioe 
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Hemicidaris intumescens Clark 

Holaster cinetus Agassiz, 1840=Cardiaster cinetus (Morton) -.- 

MESOZOIC ECHINODERMATA OF THE UNITED STATES. — [putt.97. — 

Hemiaster ? Humphreysanus Meek, 1864=Hemiaster Humphrey- 
ganus- Meek ®& -Hayden- >) «i> acc eae eee Ee Sco 

Humphreysanus Meek, 1876=Hemiaster Humphreysanus 
Meek &. Hayden. oi. 2al2 les ges oe pot ee as ae ee 

Humphreysanus Clark =Hemiaster Humphreysanus Meek & 

Hayden 2... e<2 Sai PPE feos Se Meee ee gee 
incrassatus Clark, 1891=Hemiaster stella (Morton).......- 

parastatus (Morton) ia. 2. 22 gerne oe sinc <> ee en ee ee 

parastatus Desor, 1847=Hemiaster parastatus (Morton) - -. 
parastatus @’Orbigny, 1847=Hemiaster parastatus (Morton) 

parastatus @’Orbigny, 1853~60=Hemiaster parastatus (Mor- 

GOT) aro e a als &, sntn 2 eRe ae A oe ee eee 

parastatus Desor, 1858=Hemiaster parastatus (Morton)... - 

parastatus Gabb, 1859=Hemiaster parastatus (Morton)... . 

parastatus Meek, 1864=Hemiaster parastatus (Morton). --. 

parastatus, Olark=Hemiaster parastatus (Morton) ........ 

stella Morton) 2Mik.2 See 6 eS ee ee ee 

stella Agassiz & DeSor, 1847=Hemiaster stella (Morton)... 

stella Desor,.1858=Hemiaster stella (Morton) 
stella Gabb, 1859=Hemiaster stella (Morton) 

?stella Meek, 1864=Hemiaster stella (Morton) 
stella Clark=Hemiaster stella (Morton) 

texanus Roemer, 164.9%.) 5-2...) okies p-oe an eee os eS eee 

texanus Roemer, 1852=Hemiaster texanus Roemer 

texanus Gabb, 1859=Hemiaster texanus Roemer 

texanus Meek, 1864—=Hemiaster texanus Roemer 

texanus Clark=Hemiaster texanus Roemer ..........-.-.. 

Wetherbyi de Loriol, 1887=Hemiaster stella (Morton) 

vnsula-( Morton) 0.5. 2222, eects ene cee er 

ungula Clark=Hemiaster ungula (Morton) 

a re | 

se een ew eee eee 

-s eee ew tee ewe 

cece ewe ee we eee ee ee tw 

+ leette oe ele nial, = mip le wie).e se) om os a) Va Sl hie le 

cinctus Agassiz and Desor, 1847=Cardiaster cinctus (Mor- 

POM hes Se eee oh 2 ey See ee bee ee 

cinctus d’Orbigny, 1847=Cardiaster cinctus (Morton) 

cinctus Bronn, 1848=Cardiaster cinctus (Morton) ......-.- 

cinctus Credner, 1870=Cardiaster cinctus (Morton) 

cinctus Clark, 1891=Cardiaster cinctus (Morton). .......-- 
comanchesi Marcou, 1858= Holaster simplex Shumard 

comanchesi Desor, 18583=Holaster simplex Shumard 

comanchesi Gabb, 1859=Holaster simpleyShumard 

comanchesi Meek, 4864=Holaster simplex Shumard....-.-.-. 

elegans Conrad, 1857 (figure only) =Epiaster Whitei Clark. - 
fimbriatus Agassiz and Desor, 1847=Cardiaster cinctus 

(Morton) 3 

Se ey 

ee ee ee ny 

“4 
Bs 
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j 
4 
4 
7 
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ee ee 
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Bra ctativs Gabb, 1859=Hemiaster parastatus (Mor toni): 
simplex Shumar d, RREER Sia OLE Hane LA A SI Sod aapcohe te ate eee 

simplex Desor, 1858—Holaster simplex Shumard .......... 
simplex Gabb, 1859= Holaster simplex Shumard........... 

' simplex Meek, 1864=Holaster simplex Shumard.........-. 
' simplex Clark=Holaster simplex Shumard .... 2.2.2.2... 

. ungula Gabb, 1859=Hemiaster ungula (Morton)........... 

. ; olectypus mlanntie PGeMGr hes). aes Slee oh 
—  planatus Roemer, 1860— Holecty pus planatus Roemer...... 

‘ planatus Shumard, 1852—Holectypus planatus Roemer 

_ planatus Giebel, 1658 Holechy tins planatus Roemer. ...... ‘ 
planatus Conrad, 1857=Holectypus planatus Roemer... ... 

q planatus Desor, 1858=Holectypus planatus Roemer ....... 

@ planatus Gabb, 1859= Holectypus planatus Roemer........ 

3 planatus Meek, 1864=Holectypus planatus Roemer........ 

___ planatus Clark=Holectypus planatus Roemer............. 

-- planus Giebel, 1853=Holectypus planatus Roemer - 

simplex Meek, 1864 (probably accredited to Sharan ba 
: DUNMOW Se I eee. = oat ey ea a 5.0 owl bg Se 
Leiocidaris heminranosas (Shumard) s:.'2sa 5 ose 2. e's RES 

4 hemigranosus Clark=Leiocidaris hemigranosus telly Os 
‘Linthia UMNVEDIE ar RAD RS eee i Pee. tenn eS Re 

“Macraster texanus Roemer=Epiaster elegans (Shumard)..-..... 

as ungula Agassiz and Desor, 1847=Hemiaster ungula 

PO MONS secrtaera tt eke oe Se Ne Se xo aos ME 
tes crucifer Morton, 1833=Trematopygus crucifer (Mor- 

7 ENNIS Ss OOS SS a Tah SS Spells ove ge ag Me een Uta Sane ea ti 

4 crucifer Morton, 1834=Trematopygus crucifer (Morton)... . 

7 crucifer Bronn, 1848=Trematopygus crucifer (Morton) .... 

3 erucifer d’Orbigny, 1853~60=Trematopygus crucifer (Mor- 

3 UP LR Daag SCR GSE SS GAA el NP Gone Maca Mae ara gaa 
3 erucifer Desor, 1858=Trematopygus crucifer (Morton)..... 
2 crucifer Gabb, 1859=Trematopygus crucifer (Morton)....-. 

; crucifer Meek, 1864=Trematopygus crucifer (Morton) ...... 

 erucifer Cook, 1868=Trematopygus crucifer (Morton)-...... 

erucifer Conrad, 1868=Trematopygus crucifer (Morton)... . 

cruciferus Agassiz, 1840=Trematopygus crucifer (Morton) -. 
- cruciferus @Orbigny, 1847=Trematopygus crucifer (Morton). 

—  ecruciferus Agassiz and Desor, 1847=Trematopygus crucifer 

OOS ETLIM, Sa NE oS A ae ea ae ea ee UE le OP 
- eruciferus Credner, 1870=Trematopygus crucifer (Morton). 

Ophioderma (?) bridgerensis Meek, 1873=Ophioglypha bridger- 

(STAT CE ES Be RRS a oe aaa th ae SRT Bon, a a Ne 
____ bridgerensis White, 1883=Ophioglypha bridgerensis (Meek) 
cee 

. a rr at Pk F- ? 
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Ophioglypha bridgerensis (Meek) ..-.....2...---------------- : 

bridgerensis Clark=Ophioglypha bridgerensis (Meek)... .- 

texanaQlark< 240. b.5.2 5 cock Sa ck hae See ee on ee are 
Pedinopsis Pordi ‘Clark 22. 2220 oe Sie ces: ant Sa : 

Pentacrinus asteriscus Meek & Hayden, 1858 ................- 

asteriscus Meek & Hayden, 1860=Pentacrinus asteriscus 

Mock & Hayden: 2. Wo 0s 2 eee oo eee eee 

asteriscus Meek, 1864=Pentacrinus asteriscus Meek & Hay- 
Gens or oa eet ie ep Ee eee ee 2 Se eee 

asteriscus Clark=Pentacrinus pebetisas Meek & Hayden. . 
Bryani Gabb, 1876. . -- Gs a i ee ee 

Bryani Clark=Pentacrinus Bryani Gabb ..............-.- 

WY beer Clark hoa. cate he Se es ee hee ee een eee 
Pentacrinites asteriscus Meek & Hayden, 1865=Pentacrinus as- 

teriseus Meek .& Hayden: 322.225. 2 So Ee eee 

(?) asteriscus Whitfield,1880= Pentacrinus asteriscus Meek & 
Hayden. ...:cs est See vetoes ee ce Oe be ee 

asteriscus White, 1875=Pentacrinus Whitei Clark.......-. 
(?) asteriscus(?) Hall & Whitfield, 1877=Pentacrinus Whitei 

CHAR se Set Cede SOS eee ee ee 

(?) asteriscus Whitfield, 1880=Pentacrinus Whitei Clark -. 

Phymosoma texanum Desor, 1858=Diplopodia texanum (Roemer) 

Psammechinus cingulatus Clark, 1891..........-22........-.--- 
Pseudodiadema diatretum (Morton) ..............--.......--. 

diatretum Desor, 1858= Pseudodiadema diatretum (Morton). 
diatretum Cotteau,1862~67 = Pseudodiadema diatretum(Mor- 

WOH). Renee Sick wale tants eee ae Beles fs Siete eee 

diatretum Meek, 1864—=Pseudodiadema diatretum (Morton). 
diatretum Conrad, 1868=Pseudodiadema diatretum (Morton) 
diatretum Clark=Pseudodiadema diatretum Morton. .-..... 
Hmersoni Clark: ? i 0. 2s. eat oe oe ae eee 
Hilli Clark, 1891=Diplopodia Hilli Clark ................. 

Roemeri Clark, 1891=Pseudodiadema texanum (Roemer) - - 
lexanuin- (Roemer) 2-3 202.2 oS i Ce ee Se a 

texanum Desor, 1858=Pseudodiadema texanum (Roemer). . 

texanum Meek, 1864—Pseudodiadema texanum (Roemer) . . 

texanum Clark, 1891=Diplopodia texanum (Roemer) .-..-. 

Pygorhynchus crucifer Ravenel, 1850=Trematopygus crucifer 

GMorton) 2. a. ee ence Ses ope we ee 

Pygurus florealis Agassiz, 1847=Cassidulus florealis (Morton). - 

florealis Conrad, 1868=Cassidulus florealis (Morton)....... 
(?) geometricus(Morton).:22. 255). > sos eect ee eee 

geometricus Agassiz & Desor, 1847 Bes aeperis (?) geomet- 

Tigus: (Morten)ic36. 8:2. ee CO ee ae ee Ce 

geometricus d’Orbigny, 1847=Pygurus (?) geometricus 

(Morton) 53228 ct tenes iak-Sie cbigiatees ee lek acne meme 



_ Pygurus geometricus d@’Orbigny, 1853~60=Pygurus (?) geomet- 

hs 
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OUT ONS 79 aS Ee een A ie le 
geometricus Desor, 1858=Pygurus (?) geometricus (Morton) 
(?) geometricus Clark=Pygurus (?) geometricus (Morton). 

_Pyrina Oa be US SOUS ge ea ot Sn Se Lae ee 
ty 
- Parryi Gabb, 1859 — sPyrina Parry) Hall. . ces tk oes eles 

Parryt Meek, 1864=Pyrina Parryi Hall................... 

: Parryi seers IRAE VARELSUIE yo. Ss 62 SSL lohes Joes 

; Seber retin, Clarice Loot og: o toms. « fda wo c5'ss Sa tres alin ph wee 
; Maen POONER “Pod Ok oh viel sie Sale are, «is wig mind wee aoe cee neea de 

4 texana Clark=Salenia texana Credner...........-.-...... 
MMMMRIVAER ESA AULD ROU VB ke Sony LS wogic Bal c-a bias a cae s'e,a) 5s Cecsr ol a 

Spatangus sp. Morton, 1829=Cardiaster cinctus (Morton)...... 

4 

sy 

sp. Morton, 1830=Hemiaster parastatus (Morton) and Hemi- 
pee Mra. | MQTEOM) ouiD Sold Us Bie arate Bere acy ade De 

_ cor-marinum (?) Morton, 1830=Hemiaster parastatus (Mor- 

RM SRM ent eS oe NN a he aie mae oe Pais Re 
parastatus Morton, 1833=Hemiaster parastatus (Morton). . 

parastatus Morton, 1834=Hemiaster parastatus (Morton). - 

parastatus Bronn, 1848=Hemiaster parastatus (Morton). -. 

stella Morton, 1830=Hemiaster stella (Morton)...........- 

stella Morton, 1834=Hemiaster stella (Morton)..........-. 

ungula Morton, 1833=Hemiaster ungula (Morton)......-... 

ungula Morton, 1834=Hemiaster ungula (Morton)......... 
ungula Bronn, 1848=Hemiaster ungula (Morton) ......... 

" Stomechinus APaAt OAM etn ot atime ewe wee AOS. Se DagleSeree 

$i - Toxaster elegans Conrad, 1857=Epiaster Whitei Clark ........ 

elegans Gabb, 1859=Epiaster elegans (Shumard)........-- 

elegans Meek, 1864=Epiaster elegans (Shumard)..-......-- 

texanus ioamien 1849=Enallaster texanus (Roemer).....-.. 

texanus Roemer, 1852=Enallaster texanus (Roemer) ....-. 

texanus Conrad, 1857=Enallaster texanus (Roemer). ...... 
texanus Gabb, 1859=nallaster texanus (Roemer).....-..- 

texanus Meek, 1864=Enallaster texanus (Roemer).-...-.--.- 

ungula Giebel, 1853=Enallaster texanus (Roemer) ......-- 

Trematopygus ee (Morton)... .. Be Soe: UNA ree aes anes 
erucifer d’Orbigny, 1853-’60=Trematopygus eaciice (Mor- 

crucifer Clark='Trematopygus crucifer (Morton)......-.---- 

mwantacrinus socialis Grinnell,1876......:.....--..-..-le8-e--- 
socialis Meek, 1876=Uintacrinus socialis Grinnell.....-.... 

socialis Clark=Uintacrinus socialis Grinnell.............. 
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PLATE Be ie 

‘Unvracrinus SOCIALIS ‘Grinnell (nage 21). 

Lateral view of arm with see ciid pinnules. 

Zizygial surface of brachial plate. __ 
le. Articular surface of brachial plate. — 

ROB tos hs 7 
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PLATE II. 

BOURGUETICRINUS ALABAMENSIS De Loriol (page 25). 

Fig. la.- Side view of the basal cone magnified five diameters. 

1b. Upper surface magnified six diameters. 

lc. Lower/surface magnified six diameters. = 

PENTACRINUS ASTERISCUS Meek & Hayden (page 26). 

Fig. 2a. Column with attached pinnules. 

2b. Upper surface of a detached plate of the column, 

2c. Lateral view of a portion of the column. 

2d. Enlarged pinnule. 

PENTACRINUS BRYANI Gabb (page 28). 

Fig. 3a. Upper surface of a detached plate of the column. 

3b. Lateral view of a portion of the column. < ~ 

PENTACRINUS WHITEI Clark (page 27). ~ : 

Fig. 4a. Upper surface of a detached plate of the column, 

4b. Ditto. 

4c. Lateral view of a portion of the column, 
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PLATE IV. 
“ Me ~ 

OPHIOGLYPHA BRIDGERENSIS Olyek) (page 29. 
4% » y ~ 

v5 5 ~ 

ae = Big la. Skeleton, natural size. 
1b. Enlarged view of a portion of the upper Synge 

Whe; Enlarged view of a portion of the rer surface. 

‘ 

i . OPHIOGLYPHA TEXANA Clark (page 30). 

U Wig. 26, Skeleton.’ : au 
- 2b. Enlarged view of a portion of the upper surface. é 
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PLATE V. 
4 

-GoNIASTER MAMMILLATA Gabb Bios ee 

"7 
Bie th “Greatly magnified surface of ae te 

ASTERIAS DUBIUM, Whitfield cnge 31). 

ay 

aa Fig. Qe Gutta-pereha cast of three individnalle,. 
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Fig. la. 

. Ditto. 
. Articular surface of 1b, much enlarged. 

Fig, 4a, 
4b. 

4e. 

4d. 

PLATE VI. 

CIDARIS CALIFORNICUS Clark (page 36). 

Spine, enlarged. 

CIDARIS TAYLORENSIS Clark (page 35). 

. Fragment of two contiguous interambulacral plates of the same series. 

. Spine. : 

CIDARIS SPLENDENS Morton (page 33). 

. Portion of test, natural size. 

. Interambulacral plate, magnified two diameters. 

. Ambulacral area, highly magnified. 

. Tubercle, enlarged. 
. Spine. . 

. Base of same much enlarged. 
. Articular surface of spine. 

C1ipARIS WALCOTTI Clark (page 37), 

Portion of test, natural size. 

Interambulacral plates, enlarged. 

Ambulacral area, highly magnified, 

Tubercle, enlarged, 

1}6 

4 
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‘PLATE VIL 
CIDARIS TEXANUS Clark (page 36). 

Fig. la. Test. iat ted. natural size. ; 

1b. View showing the arrangement of the interambulacral plates in the vicinity 
of the apical disk, with adjacent ambulacral plats: 

1c. Portion of ambulacral area, enlarged. 

1d. Interambulacral plate, enlarged. — 

x le. Tubercle, much enlarged. : Taos 
- ~~ 

qu LEIOCIDARIS HEMIGRANOSUS (Shumard) (page 38). 

ae ‘Fig. 2a. cmiteramnbidaceal plate. — es 
2b. Portion of ambulacral area, enlarged. 

2c. Tubercles, magnified two diameters. 

2d. Apical disk, enlarged. 

118 
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- PLATE VII. 
y - 

38). a LEIOCIDARIS HeMIGRANOSUS (Shumard) (page 

ig. la. Upper surface of the test, natural size. 
1b. Lateral view of the same. Beer 
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Fig la. Speer surface of file oe 

1b. Lower surface of the test. — 
le. Lateral view of the same. | 
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PLATE X. 
‘SALENIA TEXANA Oreduer (page 40). 

Fig. la. Upper surface of the test, natural size. . 

1b. Under surface of the same. | 
le. Lateral surface of the same. 

1d. Interambulacral area, magnified two diameters. 
le. Ambulacral area, magnified three diameters. 
1f. Portion of the same, highly magnified. — it 

1g. Apical disk, enlarged. . 

1h. Tubercle, enlarged. 
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SALENIA. 







Fig. 

Fig. 

la. 

. Under surface of the same. 

. Lateral surface of the same. 

. Interambulacral area, magnified four diameters. 

. Single plate of same, highly magnified. 

. Ambulacral area, highly magnified. 

. Apical disk, enlarged. 

. Genital plate of same, highly magnified. 
. Mouth opening, enlarged. 

. Tubercle, enlarged. ’ 

bo bo aS 

e 

i) — 

PLATE, XT 

SALENIA TUMIDULA Clark-(page 41). 

Upper surface of test, magnified two diameters. 

SALENIA BELLULA Clark (page 43). 

. Upper surface of test, magnified two diameters. 

. Under surface of the same. 

Lateral surface of the same. 

: Three interambulacral plates, highly magnified. 

Three ambulacral plates, highly magnitied, 
. Apical disk, enlarged. 

. Tubercle, highly magnified, 

126 
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- PLATE XII. 

HEMICIDARIS INTUMESCENS Clark (page 44). 

Fig. la. Upper surface of the test. 

1b. Lower surface of the test. 

ie. Lateral view of the same. : 

1d. Two interambulacral plates, highly magnified. 

le. Lower portion of interambulacral area, enlarged. 

1f. Upper portion of same. : 

1g. Portion of ambulacral area, magnified. - 

1h. Tubercle, from above. 
li. Lateral view of the same. 

PSEUDODIADEMA EMERSONI Clark (page 45, \ 

Fig. 2a. Lateral view of the test. 

2b. Portion of the interambulacral area, enlarged. 

2c. Portion of the ambulacral area, enlarged, 

2d. Tubercle, from the side. , 

2e. The same, from above, 

128 
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PLATE XIII. 

PSEUDODIADEMA DIATRETUM (Morton) (page 46). 

Fig. 1a. Under surface of test. : rato 
os _ Lateral view of the same. elas 
. Two interambulacral plates, magnified four diameters. 

ia Ambulacral plates, highly magnified... _ 

le. Ditto. 
1f. Tubercle, much enlarged. ite 

PSEUDODIADEMA TEXANUM (Roemer) (page 47). 
- 

ay Fig. 2a. Upper portion of the interambulacral area, hig ignited. ah 
. 2b. Portion of ambulacral Ss ditton oe. i 



U. S. GEOLOGICAL SURVEY BULLETIN NO. 97 PL. XIII 

PSEUDODIADEMA. 





\ ~ 

[PLATE Sv 



“PLATE XIV. 

PSEUDODIADEMA TEXANUM (Roemer) (page 47 ). 

qin surface of the test. 

Lower surface of the same. 

Lateral surface of the same. a / 

1d. Interambulacral area, entargeu. 

te. Ambulacral area, enlarged. 
—1f. Three interambulacral plates, highly magnified, 

ly. Rubereiey) much enlarged, — 
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PLATE XV. 
¢ 

Dirropopra TEXANUM (Roemer) (page 48). 
. 

Upper surface of the test. 
Lower surface of the same. 
Lateral surface of the same. 
Ambulacral area, enlarged. — 
Four plates of the same, highly magnified. 
‘Interambulacral plates, ditto. 
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PLATE XVI. 
_Drpvopopra TEXANUM (Roemer) (page 48). 

“WD. ves portion of interambulacral area, much enlarged. 

ce “Ie. Lower portion of same, ditto: ; is , 
$4 oe sae Tubercle. ov ~. 

_ DIELOPODIA HILLi Che ee 50). 
‘ 

Fig. 2a. ieee parecer the test. 
_ 2b, Lower surface of the same. 

Lateral surface of the same. 

Upper portion of an ambulacral area, enlarged. 

Three plates of the same, highly magnified. Fay 

f, A portion of an interambulacral area, highly magnified. 

Tubercle. ‘ . 
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Po ACRE eV ies 

Coprosoma MortTont (de Loriol) (page 51). 

Fig. la. Upper surface of the test. 

1b. Lateral view of the same. 

1e. Three ambulacral plates, much enlarged, 

1d. Interambulacral area, enlarged, 

le. Three interambulacral plates, much enlarged. 
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Fig. 2a. 

; 2b. 

a2: 

. 2d. 

PLATE XVIII. 

Coprosoma sPECIosuM Clark (page 52). 
‘ 

Upper surface of the test. ; i 

Lateral view of the same. aes 

Upper portion of an interambulaeral area, enlarged. 

Three plates of the same, highly magnified. 
Portion of ambulacral area, highly magnified. 

Ditto. ae 
Tubercle of ambulacral area. 

Tubercle of interambulacral area.. 

GontopyGus Zirre.t Clark (page 53). 

Lateral surface of the test. a 

Lower portion of ambulacral area, highly magnified. 

Portion of interambulacral area, highly magnified. — 

Apical disk, enlarged. at 3 
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_ PLATE XIX, 

— GonioryGus Zitrert Clark (page 53). x 
sh a : 

. 

Fig. 1a. Upper surface of the test. 
1b. Lower surface of the same. ~ 

le. Interambulacral area, enlarged. 
1d. Ambulacral area, enlarged. 

le. Tubercle. . 
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PLATE XX. 
- 

PSAMMECHINUS CINGULATUS Clark (page 55). 

Upper surface of the test. 
Lower surface of the test. 

Lateral view of the same. 

Interambulacral area, enlarged. | 

Three plates of the same, highly magnified. 

Ambulacral area, enlarged. : 

Four plates of the same, highly magnified. 
Mouth opening, enlarged. 
Tubercle.— 
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Fig. 

Vig. 
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1b. 

PLATE XXIII. 

STOMECHINUS HyatTrTi Clark (page 56). 

. Lateral surface view of the test, slightly distorted. 

Portion of the ambulacral area, enlarged. 

Portion of the interambulacral area, enlarged. 

. Tubercle from above, highly magnified. 

. The same from the side. 

HOLECTYPUS PLANATUS Roemer (page 58). 

. Upper surface of the test. 

2b. Lower surface of the same. 

. Lateral surface of the same. 

. Two interambulacral plates, enlarged. 

. Portion of the ambulacral area, highly. magnified. 

2f. Apical disk, enlarged. 
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PLATE XXIV. 
= 



1 

PLATE XXIV. 

PyRINA ParRyt Hall (page 59). 

. Upper surface of the test. 

. Lower surface of the same. 

. Side view of the same. 

. Posterior view of the same. 

. Portion of an ambulacral area, enlarged. 

’. The same further enlarged. 

. Two interambulacral plates, magnified three diameters. 

Th. 

. Apical disk, enlarged. 

. Portion of the madreporite, highly magnified. 

Portion of single interambulacral plate, highly magnified. 

52 
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Fig. la. 

1b. 

le. 

1d. 

le. 
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PLATE XXV. 

- BoTRIOPYGUS ALABAMENSIS Clark (page 60). 

Upper surface of test. : 
Lower surface of test. 

Side view of the same. 
Portion of an ambulacral area at base of petaloidal region, enlarged. 

Same in center of petaloidal region, highly magnified. f 

An interambulacral plate, highly magnified. 
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Fig. la. 

. Lower surface of the test. 
. Side view of the same. 

. Posterior view, showing anal sulcus. 

. An interambulacral plate, enlarged. j 

. Portion of the petaloidal region of the right antero-lateral ambulacral area. 

. Apical disk, enlarged. ; 

. Upper surface of the test. s = 

. Lower surface of the test. ; 

. Side view of the same. 

. Posterior view, showing anal sulcus. ‘ 

. Portion of the right antero-lateral ambulacrum. - 

2f. 
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PLATE XXVI. 

ECHINOBRISSUS EXPANSUS Clark (page 61). = 3 

Upper surface of the test. = 

ECHINOBRISSUS TEXANUS Clark (page 62). ° 

Four interambulacral plates, highly magnified. 
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Fig. 

Fig. 

. Upper surface of the test. 

. Lower surface of the test. 

. Side view of the same. 

. Posterior view of the same. : 

. Lower portion of the petaloidal region of the right postero-lateral ambula- 

. Much enlarged view of several plates of the same. 

. Apical disk, enlarged. 

. Tubercle from above. 

. Lateral view of the same. 

. Upper surface of the test. 

. Lower surface of the test. 

. Lateral view of the same. 

. Posterior view of the same. 

. Right postero-lateral ambulacrum, enlarged. 

. Several plates of the same, highly magnified. 

. Upper surface of the test. 

. Lower surface of the test. 

. Lateral view of the same. 

. Posterior view of the same. 

158 

PLATE XXVIL. 

TREMATOPYGUS CRUCIFER (Morton) (page 63). 

crum. 

CATOPYGUS OVIFORMIS Conrad (page 64). 

_ CATOPYGUS PUSILLUS Clark (page 65). 
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Fig. la. Upper surface of the test. 
1b. Lower surface of the test. 

1c. Lateral view of the same. 

1d. Posterior view of the same. 

s 

PLATE XXVIII. 

\ CASSIDULUS FLOREALIS (Morton) (page 66). — 

le. Right postero-lateral ambulacrum. 

1f. Several plates in the petaloidal region of the same, much enlarged: 

1g. Ditto, lower surface. 

1h. Posterior interambulacrum. 

li. Single plate, much enlarged. 

1j. Apical disk, highly magnified. 

1k. Tubercle from above. 

11. Lateral view of the same. 
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PLATE XXIX. 

CASSIDULUS ZQUOREUS Morton (page 68). 

Fig. la. Upper surface of the test. 

1b. Lower surface of the test. 

le. Lateral view of the same. , 

1d. Posterior view of the same. 

le. Anterior ambulacrum. by 

If. Several plates, petaloidal region of the same, much enlarged. 

1g. Ditto, oral region. 

1h. Apical disk, much enlarged. 

li. Diagram showing the arrangement of the plates about the 
~ opening. 
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PLATE XXX. 

CASSIDULUS MICROCOCCUS Gabb (page 69). = 

Fig. la. Upper surface of the test. 

1b. Lower surface of the test. 

ie. Lateral view of the same. 

1d. Posterior view of the same. 

le. Anterior ambulacrum at the base of the petaloidal region. B 
1f. Several plates in petaloidal region of anterior ambulacrum, much enlarged. 

1g. Oral portion of an ambulacral area. 

1h. Apical disk, enlarged. 
li. Surface of an interambulacral plate, highly magnified. 

164 

Ss ee oe ee er ee Te 



U. S. GEOLOGICAL SURVEY BULLETIN NO. 97 PL. XXX 

ee Ee 

CASSIDULUS, 





(3 

cf 

— . bd . ac3 Ea = ace 



~ 

PLATE XXXiI. 

CASSIDULUS SUBQUADRATUS Conrad (page 70). ; 

. Upper surface of the test. 

1b. Lower surface of the test. 

. Lower portion of the petaloidal region of the right antero-lateral ambu- 

. Lateral view of the same. a | 

. Posterior view of the same. 

lacrum. | 
° 

1f. Several plates of the same, much enlarged. | 

1g 
1h 

1 

. Oral portion, much enlarged. 

. Apical disk, enlarged. 

66 
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“ . PLATE XXXII 

CAssIDULUS suUBCONICUS Clark (page 71). 

_Fig. la. Upper surface of the test. 

of, 1b. Lower surface of the test. 
eee an 1c. Lateral view of the same. v 

ak ‘1d. Posterior view of the same. ; 

a : Je. An ambulacral area, enlarged. 

1f. Several plates of the petaloidal portion, highly magninens 

1g. Ditto, oral portion. 
a Diagram showing the arrangement of the plates around peristomial openi ‘ 

ny . Interambulacral plate, much enlarged. ~ 

a Gl a a Apical disk, much enlarged. i 

an 168 
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‘(page 72). 
of 

‘ 

. 

-CASSIDULUS PORRECTUS Clark 

e <q = oy 
; 

f the same rior view o 
Fig. la. Upper surface of the test. 

1b. Poste 
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‘PLATE XXEDV, 3 44 
CaSsIDULUS PORRECTUS Clark (page Wis: 

; Z * 
Fig. 1a. Lower surface of the test. 

1b. Lateral view of the same. 
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PLATH, XXXVs 

CASSIDULUS PORRECTUS Clark (page 72). 

Fig. 1a. An ambulacral area, enlarged. oP Xs . 

1b. Lower portion of petaloidal region, highly magnified. 

le. Central portion of same, highly magnified. 
1d, Three interambulacral plates, much enlarged. 

CASSIDULUS STANTONI Clark (page 73). 

Fig. 2a. Upper surface of the test. 

2b. Lower surface of the test. 

2c. Lateral view of the same. 

2d. Posterior view of the same. 
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PLATE XXXVI. 

ANANCHYTES OVALIS Clark (page 74). | 

Upper surface of the test. 

Lower surface of the same. 

Lateral view of the same. 

Anterior view of the same. = 

Posterior view of the same. 
Apical disk, enlarged. 
Ambulacral plates, much enlarged. 
Interambulacral plates, much enlarged. 
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PLATE XXXVIL 

CARDIASTER CINCTUS (Morton) (page 75). e 

Upper surface of the test. 

Lower surface of the test. 
Lateral view of the same. 

Anterior view of the same. rk 

Posterior view of the same. | . 

Central portion of the petaloidal reg 

larged. "ae : 
Basal portion, ditto. ? 

1h. Apical disk, enlarged, 

ion of an ambulacral area, much e 
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PLATE XXXVIIL. 

HOLASTER SIMPLEX Shumard (page 76). 

ie Fig. 1a. Upper surface of the test. — | ron 
ra pen 1b. Lower surface of the same. a 
Pegs lc. The right antero-lateral ambulacrum, enlarged. 

1d. Portion of the petaloidal region of the same. 

le. Four basal plates of the same. 

1f. Apical disk, enlarged. 

lg. Tubercle, highly magnified. 
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PLATE XXXIX. 

HOLASTER SIMPLEX Shumard (page 76). 

Fig. la. Lateral view of the test. 

1b. Posterior view of the same. 

1c. Interambulacral plate, much enlarged. 

1d. Tubercle, highly magnified. 

ENALLASTER TEXANUS Roemer (page 78). 

Fig. 2a. Upper view of the test. 
2b. Lower view of the test. 

2c. Lateral view of the same. 

2d. Posterior view of the same. 

2e. Portion of the petaloidal region of the right antero-lateral ambulacrum, 

much enlarged. 

2f. Ditto, anterior ambulacrum., 

2g. Apical disk, enlarged. 

182 



wae ICAL RVEY U. S. GEOLOGIC SU BULLETIN NO. 97 PL. XXXIX 

\ 
\ 

os nen tht WA \Y 
: #I\\4\| bal 

ee 

ean ee 

gu gies VouieY 
wey Ye Uw 

HOLASTER AND ENALLASTER, 





on 
A & = = 



Fig. 1a. 

1b. 
le. 

ld. 
He. 

iT 
1g. 

1h, Diagram showing arrangement of plates about the mouth opening. 
li. 

Lk. 

11. 
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PLATE XL. 

ENALLASTER OBLIQUATUS Clark (page 79). 

Upper surface of the test. 
Lower surface of the test. * 
Lateral view of the same. 

Posterior view of the same. 

Portion of the petaloidal region of the anterior ambulacrum. 
Ditto, left anterior ambulacrum. 

Second plate of the same from the mouth opening. 

Apical disk, enlarged. 

Tubercle from above, much enlarged. 

Lateral view of the same. 
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(Shumard) (page 80). 
eo Oe 

* 

~ 

EPIASTER ELEGANS 

é a 3 al 

4 

Fig. 1a. Upper surface of the test. 
1b. Lateral view of the same. 
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PLATE XLII. 

a 
EPIASTER ELEGANS (Shumard) (page 80). 

Fig. 1a. Lower surface of the test. 
1b. Posterior view of the same. 
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Fig. 

Fig. 

la 

1 

. Middle portion of the petaloidal region of the anterior ambulacrum, highly 

. Ditto, left antero-lateral ambulacrum. 

. Apical disk, enlarged. 

. Posterior view of the same. 
», Left antero-lateral ambulacrum, enlarged. 

2d. Diagram showing the arrangement of the plates in the apical disk and 

PLATE XLII, 

EPIASTER ELEGANS (Shumard) (page 80). 

. Upper portion of the anterior ambulacrum, enlarged. 

magnified. 

. Two interambulacral plates, much enlarged. 

EPIASTER WHITE! Clark (page 82). 

. Lateral view of the test. 

bordering areas, . 

90 
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PLATE XLIV. 

EPIASTER WHITE Clark (page 82). 

Fig. 1a. Upper surface of the test. 

1b. Lower surface of the same. 

le. Right antero-lateral interambulacral area, much enlarged. 

1d. Lower portion of the petaloidal region of the right antero-lateral ambula- 

crum, highly magnified. 

le. Several plates of the petaloidal region of the left antero-ambulacrum. 

1f. Peristomial opening, with surrounding ambulacral and interambulacral — 

plates. 

1g. Apical disk, much enlarged. 
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Fig. la. 

1b. 

Wes 

1d. 

le. 

Tf. 

1g. 

Th. 

i. 

1k. 

Ay 
Im. 

In. 
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PLATE XLV. 

HEMIASTER PARASTATUS (Morton) (page 83). 

Upper surface of the test. 

Lower surface of the test. 

Lateral view of the same. 

Posterior view of the same. 

Anterior ambulacrum, enlarged. 
Portion of petaloidal region of the same, highly magnified. 

Portion of basal region, ditto. ees 
Several plates from the petaloidal region of the right antero-lateral ambu- 

lacrum, much enlarged. 

Three interam)ulacral plates, with fasciole. 

Portion of fasciole, highly magnified. 

Tubercle from the side. 

Ditto from above. 

Apical disk, enlarged. 
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PLATE XLVI. 

HEMIASTER STELLA (Morton) (page 84). 

Fig. la. Upper surface of the test.- 

1b. Lower surface of the test. 

le. Lateral view of the same. ~ : 

1d. Posterior view of the same. : 

HEMIASTER UNGULA (Morton) (page 85). 

Fig. 2a. Upper surface of the test. 

2b. Lower surface of the test. 

2c. Lateral view of the same. 

2d. Posterior view of the same. 

much enlarged. 

2f. Ditto, anterior ambulacrum. 

2g. Apical disk, enlarged. 
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Fig. la 

1b. 

le. 

ld. 

le. 

Hf. 

1g. 

1h. 

li. 

PLATE XLVII. 

HEMIASTER TEXANUS Roemer (page 86). 

. Upper surface of the test. 

Lower surface of the test. 

Lateral view of the same. 

Posterior view of the same. 4 
Several plates from the petaloidal region of the right postero-lateral ambu- 

lacrum, highly magnified. 

Ditto, anterior ambulacrum. 

Apical disk, much enlarged. 

Lateral view of a tubercle, highly magnified. 

Same from above. 
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Fig. 2a. 

ae | 2b. 
2¢. 

a, 2d. 

Upper surface of the test. 

4 PLATE XLVIII. er 

HeMiasrER HUMPHREYSANUS (Meek and Hayden) (page 88). 
a ‘ Fe a 

Lower surface of the test. 
Lateral view of the same. : 

Posterior view of the same. 

Several plates from the petaloidal region of the right posterior lateral am 

bulacrum, highly magnified. 

Ditto, anterior ambulacrum. = 

3 HEMIASTER Dai Clark (page 89). 

Upper surface of the test. : mye 

Lower surtace of the test. ; 

Lateral view of the same. 

Posterior view of the same. 
Several plates from the petaloidal portion of the left antero-lateral ambu- — 

lacrum. = : > 
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Fig. 

Fig. 

la. 

1b. 

. Lateral view of the same. 

PLATE XLIX. 

HEMIASTER CALIFORNICUS Clark (page 90). 
wi - 

Upper surface of the test. 

Lower surface of the test. 

HEMIASTER CALVINI Clark (page 90). 

. Upper surface of the test. 

2b. Lower surface of the same. 

. Lateral view of the same. 

. Posterior view of the same. ‘ 

. Several plates from the petaloidal region of the right postero-lateral ambu- 

lacrum, highly magnified. 

Same, lower portion of petaloidal region. 

. Several plates from anterior ambulacrum. 

2h. 

2%. 
Interambulacral plate, enlarged. 

Apical disk, enlarged. 
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at! | PLATE L. Se) 
pat. . LINTHIA TUMIDULA Clark (page 91). 

“are Fig. la. Upper surface of the test. "5 : 
at 1b. Lower surface of the same. = : 

q le, Lateral view of the same. : 

ee 1d. Posterior view of the same. : 
aoa le. Upper portion of the anterior ambulacrum, enlarged. » : * 

ees If. Several plates from the petaloidal region of the left postero-lateral ambu- 

i - Jacrum, highly magnified. a : 

a 1g. Apical disk, enlarged. | Rn eens 

i =e eur Tubercle from the side, highly magnified. ; 
ery li. Ditto, from above. vsti 
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