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ORDOVICIAN FOSSILS FROM NORTH CHINA. 
BY 

A. W. GRABAU, 

INTRODUCTION. 

In his classical work on China, Ferdinand von Richthofen classified the great 

limestone formations which underlie the coal-bearing series of north China as ‘‘ Kohlen- 

kalk ’’ and referred them to the Carboniferous Limestone of Europe. In this he was not 

altogether wrong, for we now recognize the existence of Lower Carboniferous (Dinantian) 

limestones in north China, which carry many elements of the Carboniferous Limestone 

fauna of western Europe. 

The greater part of the limestone series here under consideration was expressly 

excluded by v. Richthofen from his Sinian System which comprised the Cambrian and 

older rocks. It and a part of the rocks included in the Sinian are now known to be of 

Ordovician age, as was indeed recognized ly Frech, who in the fifth volume of v. 

Richthofen’s monumental work, published in 1911, described two specimens of Actinoceras, 

(A. richthofeni Frech) collected ly von Richthofen in Manchuria, and correctly referred 

them to the Upper Ordovician. Frech further recognized that this form was similar to, 

or even identical with, a species of letinoceras from Canada which was figured by Bar- 

rande under the name slctinoceras richardsont Stokes. Frech also described a fragmentary 

gastropod collected by von Richthofen in the same strata, and referred it tentatively to 

Raphistoma xquilaterum Koken which occurs in the Chasmops-Kalk (Upper Ordovician) 

of western Europe. He also notes the occurrence of specimens of -lcfinoceras sp. and 

Trochoceras sp, from Shantung, in the British Museum, together with Dalmanella cf. 

testudinaria (p. 8). 

Previous to the appearance of Frech’s monograph, G. C. Crick (1903) had 

described and figured several specimens of Actineccras obtained by the Rev. Samuel 
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Couling from the neighhorhood of Tsingchou-Fu, Kiaochow, Shantung. Crick however 

did not identify his specimens specifically, referring to one as closely allied to Actinoceras 

(Ormoceras) tennifilim Hall from the Black River formation of New York, and to another 

as possibly representing the genus Gonioceras, a reference which now appears to be pro- 

bably correct. Besides the cephalopods, Crick mentioned the occurrence of several small 

brachiopods. According to Buckman ‘‘the general appearance suggests Orthis (Dalma- 

nella) testudinarit Dalman, an Ordovician species’’ *). This is the first published 

demonstration of the Ordovician age of these limestone in north China. In 1906 Th. 

Lorenz ** described the following specics from the Ordovician of Shantung the first three 

from Ho-shan the fourth from Santefan. 

1. Asuphus bohini Lorenz. 3. Myolithes sp. 

2. Maclurea logani Salter. 4. Plectambonites sericens (Sowerby). 

Frech (in Richthofen V p. 14) referred the first three of these to the Middle 

Ordovician the fourth to the Upper Ordovician. 

In their investigations of the geology of parts of northern China which appeared 

before Frech’s monograph, Bailey Willis and Elliott Blackwelder (in 1903-1904) recog- 

nized that the greater part of von Richthofen’s Kohlenkalk was to be referred to the 

Ordovician. Professor Stuart Weller, of the University of Chicago, who studied the 

fossils collected ly Blackwelder, recognized the existence of the cephalopod genus 

Orthoceras, the gastropods Muchirea? or Helicatoma? and Lophospira, the trilobite Asaphas?, 

and the brachiopods Strephomena and Orthis (Dalmaueclla?) in the Ordovician rocks of 
Shantung but he was unable to make specific determinations because of the poor state of 

preservation of the fossils. He however deserihed a number of species collected by 

European Middle Ordovician species. Previously, several authors had described Ordovi- 
cian fossils from south China among them 8. P. Woodward (1856) Kingsmill (1860) and 
Grieve (1887). The first described the well-known ‘‘Pagoda stone’? as Orthoceras 
sp. and this was later redeseribed by Foord as Orthoocras chincnse Foord (1888). Kayser 
and Frech also described a number of Ordovician species from southern China, (v. 
Richthofen Vols. IV and V) and a number of these have since been redeseribed with 
others hy H. Yabe and I. Hayasaka in their work ‘ Paleontology of South China ”’ 
(1920). Several Ordovician species from south China were also described and recorded 

*) Crick loc. cit p. 483, 

“*)  Beitriive zur Geologie und Palieontologie von Ostasien, pt II pp 84-90 plv). 

*“*) For stratigraphic studies the Yangtzekiung forms the approximate dividing line between North and South 
China. 
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by Martelli (1901) Mansuy (1902) Brown (1918) and G. Pellizzari (1913), 

In all these studies however, only one new species was recognized in addition to 
the Actinoceras from the Ordovician of north China, namcly Asaphus belmi Lorenz from 
Shantung, though a number of gencric determinations were made and a few forms 
identified with European species. -lctinoceras richthofent has remained up to the present 
the only specifically identified cephalopod known from the Ordovician of north China, 
but this species was definitely known only from Manchuria. 

During the progress of investigations carried on hy the Geological Survey of 
China, a considerable number of specimens of -Actinoceras was obtained from the 
provinees of Chihli and Shantung. Material was also sent to the Survey by residents in 
various districts. Only a few other fossils were however obtained. Early in the present 
year some additional species were obtained from Tangshan in the Kaiping coal basin by 

Messrs. Fred. Kk. Morris, Geo. B. Barbour and A. C. Terrill, and later, a survey expedi- 

tion, in charge of the author, began a systematic study of the stratigraphy of certain parts of 

the Kaiping basin. The party included Professor George B. Barbour of Yenching college 

(Peking Christian University) and Messrs. Y. C. Sun and §. C. Chean of the Survey. In 

the field we were joined by Dr. F. F. Matthieu, Geologist of the Kailan Mining 

Administration and Mr. Jacques Gerard engineer and geologist of the Chaokouchuang 

mines and later by Mr. C. H. Huang of the Machiakou mining staff *), The greater part 

of the fossils from the upper beds herein described was collected at that time. 

The discovery of the Lower Ordovician fauna of the Ching-wang-tao region north 

of the Kaiping basin is to the credit of Dr. F. F. Matthieu who placed the material in my 

hands for description, and with true scientific spirit has deposited the types and illustrated 

specimens in the museum of the Survey, where they are accessible to all students and 

specialists. 

The Ordovician species at present known from north China comprise 31 genera 

*), It gives me great pleasure to acknowledge the uniform courtesy and helpfulness of the officers of the various 

mines notably M. Alexandre Doquier Chief of Staff Tangshan, M. Maurice Derwiduee Chief engineer of the Chaokouchuang 

mines and Mr. Ch. P. Huang, Chief engincer of the Machiakou mines. To Messrs. Matthieu, Gerard and C, H. Huang we are 

also greatly indebted for efficient aid and guidance in our field-work, and to the first for placing at my disposal collections pre- 

viously and since then made by him, especially in Shantung, and from the Lower Ordovician beds of the Chingwangtao region 

of east Chibli, this lower fauna having been discovered by him. To Mr. W. 8. Nathan president of the Kailan Mining 

Administration special acknowledgments and {hanks are gladly tendered for his courtesy in giving us unlimited opportunity to 

study the mincs and properties in the Kaiping basin under his control, and for putting at our disposal housing accomodations, 

transportation and mechanical assistance, 
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and 58 species 45 of these being specifically identified.* All except five of the species are 

new. Three new genera, and a new family of cephalopods, that of the Chihlioceratide arc 

described. 

STRATIGRAPHIC SUMMARY. 

Willis and Blackwelder applied the name Tsinan formation to the entire 

Ordovician serics of North China, which they regarded as a unit. The name was taken 

from Tsi-nan-fu in Shantung near which the upper beds of the serivs are well exposed. It 

is now known that there are several Ordovician formations in north China, with probably 

a disconformity between the higher and the lower divisions. The base of the Ordovician 

has heen definitely located in the vicinity of the little hamlet of Yeh, about 9 li or about 

3 6 miles east-north-east of Machiakou in the Kaiping Coal Basin. Here the Ordovician 

beds rest diseconformally upon the Upper Cambrian or Cambro-Ordovician transition 

beds, the Fényshan formation, which carries a fauna recalling the Ceratopyge fauna of 

Europe, including a new species of Cerutopyge. The disconformity is marked by an 

irregular erosion surface of the Féngshan formation followed hy a basal conglomerate 

which marks the beginning of the Ordovician limestones **), 

To the limestone immediately succeeding this basal conglomerate we have given 

the name Jehli formation, and from it the following species have been obtained. 

CEPHALOPODA 

Succoceras yehliense Grabau 

Snecoceras uttenuafum Grabau 

Extremely meager as this fauna is, it is sufficient to indicate carly Ordovician, 

but whether it is Lower or early Middle Ordovician must for the present remain undeter- 

mined. The limestones of this region have a total thickness, according to the measure- 

ments of Mr. H. C. T’an, of approximately 800 meters, but whether this series is 

continuous or separated into two divisions hy a hiatus, has not yet been ascertained. 

UPPER ORDOVICLIN 

The upper beds of the Ordovician of the Kaiping basin are well exposed at 

Machiakou, south-west of Yehli, and from this locality the formation is named the Machiu- 

kow division or Machiakou formation. This is the typical cletinoceras Limestone, widely 

exposed in the Kaiping basin from Chavkouchuang on the cast to Tangshan on the west. 

It is again known hy fossils from the Western Hills of Peking, from the Shansi border, 

*) This includes two varicties. Two others have been tentatively referred to known species, 

*#*) This will be described by the author in the Bniletin of the Geological Survey. 
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from south Chihli, from various parts of Shantung and from Manchuria. The fossils so far 
obtained from it occur in the upper 10 to 15 meters, but it must be clearly understood 
that over this entire region of its known-exposure it has suffered pre-Carboniferous 
erosion, and that beds of late Palwozoic age usually Lower Carhoniferous or Dinantian, 
but sometimes Upper Carboniferous or Uralian and in some cases perhaps Permo-Carboni- 
ferous Leds rest upon them. Thus the fossiliferous upper beds are probably not always of 
the same horizon, though it is possible that Actinoceras may have only a limited vertical 
range, in which case the pre-Carboniferous erosion over wide areas was relatively uniform 
in amount. 

FAUNA OF THE MACHTAKOU OR ACTINUCERAS LIMESTONE 

He 
The following species have heen obtained from the upper part of the Machiakou 

or Actinoceras limestone *), 

BRACHIOPODA 

1 Orthis calligramma Dalm. var. orthanbonites (de Vern. ), Chibli 

* 2 Orthis? sp., Shantung (Weller) 

* 3 Dalnumella ef. testudinaria Dalm., Shantung (Crick, Frech) 

4. Strophomena cf. incurvate (Shepard), Chibli 

* 5 Strophomena sp., Shantung (Weller) 

* 6 Plectambonites sericeus (Sow. ), Shantung (Lorenz) 

PELECYPODA 

7 Ctenodonta symmetrica Grabau, Chihli 

GASTROPODA 

* 8 Maclurea? or Helicotoma? sp., Shantung (Weller) 

* 9 Muaclurea logani Salter, Shantung (Lorenz) 

10) Eceyliopterns kushanensis Grabau, Chilli 

11 Kecyltiomphalus tangshanensis Grabau, Chibli 

12 Lophospira morrisi Grabau, Chibli 

13 Lophospira pulchelliformis Grabau, Chihli 

14 Lophospira trochiformis Grabau, Chihli 

15 Lophospira acuta Gralbau, Chihli 

16 Lophospira gerardt Grabau, Chihli 

17 Lophospira gerardi var. lava Grabau, Chibli 

*), The species proceded by and asterisk are recorded by Crick, Weller, Lorenz, F'rech etc. from Shantung and one 

No. 34, from Manchuria. All of these, except the last, I have not seen. 
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18 Lophospira terrassa Grabau, Chihli é 

19 Lophospira obscura Grabau, Chihli 

* 20 Lophospira sp., Shantung (Weller) 

21 Pagodispira derwiduti Grabau, Chibli 

22 Payodispira dorothea Grabau, Chihli 

23 Pagodispira dorothea var, lara Grabau, Chibli 

24 0 Linspira barbouwrt Grabau, Chihh 

* 95 Liospiru sp. (Raphistoma cf. equiluterum Koken, Frech), Manchuria (Frech ) 

260 Salpingostoma terrilli Grabau, Chibhli 

CONULARIDA 

* 97  Hypolithes sp., Shantung (Lorenz) 

CEPHALOPODA 

28) Vaginoeeras tsinanense Grabau, Chihli 

* 29 Orthoecrus sp. (several), Shantung (Weller) 

B00 Cycloceras? peitoutzavse Grabau, Chibh 

31. Stereoplusmoccras pseudoscptatium Grabau, Chihh, Shantung 

32 Stereoplasmoceras michinkouncnse Grabau, Chihli, Shantung 

33 Stereoplusmocerus actinoceriforme Grabau, Chihhi : 

384.0 Actinocerus richthofeni Frech, Chibli, Shantung, Manchuria (Frech ) 

35 cletinoceras tunt Grabau, Chihl, shantung 

36 Actinoceras couling? Grabau, Shantung (Crick), Honan, Chihli 

37. cletinoceras suanpunotdes Grabau, Shantung 

38  letinoceras submargimale Grahau, Chihli 

39 Actinoceras vannwm Grabau, Chihli 

40 Actinoceras curvatiom Grabau, Shantung 

41 Cyrtactinoceras freeht Grabau, Chibh, Shantung 

42. Gonioceras shantungense Grabau, Shantung 

* 43° Lrochocerus sp., Shantung (Frech) 

TRILOBIT.F 

44. Lsaphus bel Lorenz, Shantung (Lorenz), Chibi 

450 fsuphus? sp. or LIsotelis sp., Clihlt 

* 40, Asuphius? sp., Shantung (Weller) 

A consideration of this fauna clearly shows it to be of carly Upper Ordovician age 

corresponding to the fauna of the Black River limestone of New York and Canada and to 
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the early Trenton beds of the central and eastern United States and Canada. Although 

no species can be said to be absolutely identical, (except perhaps Actinoceras richthofeni, 

with which is identified a specimen figured by Barrande from Canada *) still the majority 
are representatives of species occurring in the American early Upper Ordovician forma- 
tions, and indeed, in some cases these Chinese species are hardly more than geographical 

varieties of the American forms. As such they indicate a very close correspondence of 

horizons. The presence in our Chinese fauna, of forms closely analogous to species found 

in the Stones River or upper Middle Ordovician of North America, indicates that the 

horizon is to be regarded as at the boundary-line between Middle and Upper Ordovician. 

Thus it is quite safe to correlate the Actinoceras horizon essentially with the Black River 

formation of North America. How much of the underlying series of limestones represents 

Middle Ordovician and what part is of Early Ordovician age, cannot at present be 

determined. 

The only European form I have noted in addition to those recorded by Crick, 

Lorenz and Frech, is Orthis calligramma variety orthambonites, of the type figured by de 

Verneuil from Russia. 

LOWER ORDOVICTAN, 

Undoubted Lower Ordovician fossils were discovered by Dr. F. F. Matthieu in 

the Shi-mun-chai region northwest of Ching-wang-tao in northeastern Chihli. The 

stratigraphic succession here is as follows according to Dr. Matthieu.**) 

CARBONIFEROUS FORMATION 

(Great hiatus and disconformity ) 

ORDOVICIAN FORMATION 

LCS CMGSTIE FOTITAOR ia as Reap Ad. Pi GEA Gad’. “Bee Sas ase ace. STR 

Gray massive more or less dolomitic limestone with fossiliferous horizon 

(F383) 53m. below the top. 2.00 0. cee ee cece ce tee ee eee 129 mr, 

Limestone conglomerate (intraformational) seas Gia. was ES Hs Ge 1m. 

Gray massive linvestoné 2. ae. ae es ee te kee ee ee ee ae a 118 me, 

Conglomeratic limestone, grayish blue . 0.0.0 ce. cee cee ee ce nev 1m. 

Pale grayish limestone in thin Jayers 2.00... eee ee ee ee ee 28m, 

Si ichos. Joreutigi acc ale Gay Gan Gad: Whe was. Ge Gee coms, a2 dom, 

Tiiterstratified isl’. cg. g° ee ee WR a ce) a RE Ge ce chee at 6 m. 

*). The presence in this limestone in Shantung of Dalmanella ef testudinaria and Plectambonites sericeus as 

recorded by Crick, Lorenz and Frech also suggests early Trenton, while \aclurea logani recorded by Lorenz again suggests the 

Black River, being known from that horizon in Canada as well as from Europe. 

wad “The stratigraphy of this region will be more fully discussed by Dr. Matthieu in a forthcoming Bulletin of 

the Survey. 
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Shales and shaly limestones, yellowish gray to violet... 0.0.0 2.0 0.0 4. ue.) ) 790m. 

Brownish and red limestone conglomerate ...0 26.0 6c. cee cee cee tet 5m. 

Platey limestone eth. Pahe ERE. RGs. Rae GBS ER ke Ste chee Shs - cues. om: 

Tnitenstratihedesil) «she wed Cage. aks ih). Tee: dees ce ee ae. a GRO lee 7m. 

Shales and shaly limestones 22 m1. 

TiIMESPORED ses. sek ae gael lai Lg. akg ae) alin: ode, GES eS chew cant. Ata 5m. 

Brown shales and ealearenytes igs Bao: He 8S cade aoe. cad eat: Reo 4 JE 

Brownish-red limestone conglomerate 22.00 ce. eee ce eee 1 cms 

Prine formaiion (exposed) a. «1 Ge ose sa. Ge. aon Gee Gee BOL 

Oolitic hmestone 25m 

Bluish black massive limestone with fossil horizons F2, 10 meters and F1, 

So meters below HE TOP om. gee Gye cee Ned Geb Gee ak (Re awe eee «PTI 

Base not exposed 

Tot exposed thickness Of CWEOMUIER xe. ave Gus, Gaw Gea cer wen see DBD TM. 

The most significant fact revealed by the study of this section is the absence of 

the Machiakou or Actinoceras limestone, which over such a wide area directly underlies 

the Carboniferous formations. This indicates a very pronounced pre-Carhoniferous 

erosion in this region and further, a marked irregularity of attitude of the Ordovician 

strata, for a short distance to the south the higher limestones are present, and they are 

again found further to the north in Manchuria. 

Peminrze Livesronr.—A_ noteworthy fact is the apparent entire distinctness 

of the two faunas found in the limestones of this section. The fauna of the lower or 

Peilintze limestone at present comprises the following species: 

ACTINOZOA (?) 

| Archvoeyathus (Archvoscyphia) chilliense Crabau 

GASTROPODA 

2  Ophileta squamosa Grahau 

3 Fusisprra sp. 

CEPHALOPODA 

4. Prutocamerocerus matthieut Cralau 

5 Chihhoecras nathani Gralau 

6 ChihRoceras chingwangtaocnse Grahau 

? 7 Piloceras platycentrnim Grabau (doubtful from this horizon ), 

Vive rarerey vay Trepp b ane 1 a are Fen a s é The presence of .frehrocyathus in this fauna is noteworthy. This genus, and 

indeed all of the alrehwocyathine, are typical of Cambrian horizons, occurring most 
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commonly in the Lower Cambrian. One species however A. minganense Bill. has heen 

obtained from the Lower Ordovician of the Mingan Islarids eastern Canada. This species 

has no inner wall and has been made by Hinde the type of his new genus Archvoscyphic. 

Our species is of the same generic type. The occurrence of this fossil, which appears to he 

fairly common, is sufficient indication that the Peilintze limestone represents lowest 

Ordovician. The presence of a Protocameroceras very similar to P. brauinardi of the 

American Beekmantown, further indicates the correctness of this classification, as does 

also the presence of Ophilcta. Chihlioccras represents a new type of cephalopod and for 

it the new family of the Chillioceratide is creeted. Its nearest relation is Piloceras, but it 

is very distinct from this in its siphuncular structure, which, curiously enough, is much 

more specialized and complicated than is that of Piloceras. The presence in this fauna of 

the species of the latter genus, characteristic of the higher formation, is open to some 

doubt, as it is possible that there may have been a mislaheling of specimens in the field. 

If it really belongs here, it is the only species which the two divisions have in common. 

The base of the Peilintze limestone has not yet been found, and its relationship 

to the older horizons is therefore unknown. All of the material here described cores 

from the lowest fossiliferous horizon (F 1) except one fragment which contains several 

specimens of Ophileta apparently of the same species as that in the lower horizon, though 

the material is rather imperfectly preserved. This comes from F 2. 

LrancurasHan Liwestonr.—No fossils have been obtained from the intermediate 

shales and limestone of the Shihmunchai formation. The upper or Lianchiashan linestones 

earry a fossil horizon (F 8) 223 meters above the base. At this level the following 

species occur. 

GASTROPODA CEPHALOPODA 

1 Ophileta plana Grabau 3. Cameroceras styhforme Grabau 

2 Hormotoma doquiert Grabau 4 Piloceras plutyventrum Grabau 

This is a small but distinctive fauna, and one confined to this horizon unless the 

presence of Piloceras platyventrum in the lower beds should he substantiated. Both the 

Piloceras and the Ophilete indicate Lower Ordovician, or a horizon approximatchy 

equivalent to the upper Beckmantown of North America. Horniotoma indicates a some- 

what higher horizon and the fauna may perhaps represent early Middle Ordovician, but 

can searcely be higher so far as the known species permit us to judg». 

The relationship of these faunas to the Ordovician faunas of the Naiping basin 

farther south, is still obscure. The beds which there rest disconformably upon the Upper 

Cambrian have so far furnished few fossils only, all of which are entirely unknown in 

either of the two horizons in the Shih-mun-chai region. [Further search may of course 
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bring common species to light, and demonstrate the correspondence of the Yehli lime- 

stone series to one or the other of the formations in the more northern region. When 

such new material is obtained, it will be descrihed in further numbers of this publication. 

DESCRIPTION OF SPECIES 

Clas ANTHOZOA 

Family ARCH AZ OCYATHINAE 

Genus ARCHAZOCYATHUS Billings 

(Subgenus Archeosevphia Hinde) 

Archzeocyathus (Archzeoscyphia) chihliense Grabau (sp. nov.) 

Plate I Figs. 1-3 

Caliculum irregularly suh-conical, apparently expanding in a uniform manner. 

Basal portion unknown, Adult portion sub-circular to sub-oval in transverse section, the 

latter possibly accentuated by compression in some specimens. Septate portion (thecariunt) 

thick, enclosing a hollow ealicular cavity which, in the subeylindrical specimens, has a 

diameter something over one third the diameter of the entire caliculum. This cavity is 

well defined hy the inner ends of the main septa, which attain a uniform length, but are 

not hounded hy any definite inner wall, or endotheca. Outer wall or exotheca formed by 

the thickening of the outer ends of the septa, and their irregular conflucnce, the result 

being a very porous wall. 

Septa thin, formed apparently by a series of small confluent trabecule, this re- 

sulting in the production of thin radial plates of a very porous nature, so that in transverse 

section they appear as disconnected trabecule, disposed in radial lines. They are very 

numerous and arranged in groups of three or four each, the groups being separated by 

interspaces which are about twice as wide as the interspaces between the adjoining septa 

of a group. Occasionally one of these broader interspaces is occupied by a short septum 

in the peripheral region. 

A section 28 mm. in diameter (PII fig. 3), shows about 33 groups of septa, 
making a total of from 100 to 120 septa. The specimen from which this section is cut 

appears to have had a somewhat flaring outer edge to its calyx, a section of this showing 

on one side, because of shght obliquity of the cut. In this outer portion the septa are 
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inostly continuous, very thin, and slightly serrate. They form a pronounced contrast 

with the inner portions of the septa which, in section, are discontinuous. 
two of the outer septa become confluent. 

Occasionally 

The following are the measurements of this section: — 

Longer diameter, exterior 3€ mm. 

si re interior Ds gh 

Thickness of thecarium HGS ps 

Thickness on opposite side to -%& 

Transverse diameter, exterior OBE jo. 

a5 re interior La 

Thickness of thecarium Sy 45 

Thickness on opposite side 45 

A specimen (Plate I, fig. 2), which evidently has been compressed laterally, has 

a present maximum diameter on the exposed weathered surface of 80 mm., while the 

shorter diameter is 40 mm. A series of sections ‘cut across this caliculum 25, 27 and 80 

mm. from the exposed surface, and parallel to it, shows so little difference in measure- 

ments that we must infer that the caliculum, in this part at least, was subcylindrical. 

These facts are brought out by a comparison of the following measurements. (Section 

No. 4 is nearest the top of the caliculum). 

| Outside of caliculum | Inside of calicolum 
Interval ees ; et) 

: yeen ; ‘nF . es 
SECTION ieee Maximum Minimum Maximum Minimum 

: . Diameter Diameter Diameter Diameter 

1. Weathered surface . 80 mm. 40 mm. 45 mm. 20 mm. 
25 mm. 

2. Polished section Sol 45 aL « ey BON. oa 14, 

2 Li | 

3. a 3 ) 85, 40, ee ys 12 ss 

Be xg n 
i, . te \ 100 ,, +! 55, OT Pig 

Rate of tapering in SO mm. 1 in 4 1 in 5.8 1 in 5.5 Lin s* 

If the tapering was fairly uniform the length of the specimen must have been 

between 35 and 40 centimeters; actually it was probably about half that. 

A third specimen, the largest oltained (Plate I fig. 1.) shows the following 

measurements on the exposed weathered surface and in a section 50 mm. below this and 

parallel to it. The total length was probably 20 em. or over. 

*) In last part only. 
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Outside of caliculum Inside of caliculum 

SCTION nye aa eae eet 
SECTION Interval Maximum » Minimum Maximum Minimum 

Diameter ' Diameter Diameter Diameter 

1. Weathered surface 112mm. | SO mm. 60mm. , 44mm. 
De | 
50 mm. | 

2. Polished section HN oe ays | 42. ,, | BO ses 

| 

Rate of tapering Lan 28 lin 4 | 1 in 2.8 | 1; tit 34 
| 

These measurements clearly indicate the gently tapering character of the calicu- 

lum and the variation in the thickness of the wall or theearium vertically. We have no 

means at present of determining the length of the ealiculum, but that it was very great is 

shown hy the fact, that in one of the specimens there is so little variation in diameters in 

the known length of nearly 90 mm. It is quite possible that this species grew to be over 

30 em. in length. 

There is considerable variation in the thickness of the wall around the periphery 

as shown in the sections. Measurements at four successive puints around the periphery 

gave for three different specimens: 

Section pl. 1 fig. 3 | Section pl. 1 fig. 2 | Section pl. 1 fig. 1 

16 | 10 OT 

8 12 16 

i | J | 15 

9 | 10 | 20) 
| 1 

From the several sections it appears that the form was subeylindrieal with the 

surface of the thecarium scarcely undulating, nor did it exhibit such marked protuber- 

ances as characterize A. ainganense, though scattered tubercles may have existed. 

Comparisons, ‘This species agrees with Archvoeyathus minganense Billings in the 

absence of the inner wall of the theearium. Its absence in ul. minganense has been insisted 

upon by Hinde (1889) though Billings’ figures (1862, figs. 843-344) indicate its presence 

(see also Roemer 1576, pl. II, fig. 2a, )). Because of the absenee of the inner wall, Hinde 

erected for this specics the new genus Archvoscyphia. Hinde and subsequent authors (see 

especially Taylor 1910) were in error in lelieving sl. minganense to he a Cambrian 
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species. The Mingan Islands in the Gulf of St. Lawrence north of Anticosti Island, are 

composed of Ordovician strata, both Beckmantown and Chazy being present, while 

Potsdam sandstone (possibly only a basal sandy phase of the Beekmantown rather 

than. true Postdam) occurs on the mainland to the north. A minganense and A. 

chihliense thus appear to be the last survivors of the Archzeocyathine, which continued 

into the Lower Ordovician. Our species has a proportionately thicker theearium than A. 

minganense, While the arrangement of the septa in groups of 4 or 5 further differentiate 

it from the American species. The strong annulations and noaes characteristic of the 

latter, are not developed in the Chinese form, or only slightly so. 

Horizon anp Locatrry: This species was collected by Dr. F. F. Mathieu from 

the Peilintze limestone of Pei-lin-tze, Shih-mun-chai region eastern Chibli province, at 

horizon No. 1. It is associated with Ophileta squamosa, Cumecroceras and Chihlioceras. 

The age is Lower Ordovician. 

Clas BRACHIOPODA 

Order Protremata Beecher 

Family ORTHIDAZ Woodward 

Genus ORTHIS Dalman 

(Emend. Hall and Clarke) 

Orthis calligramma Dalm. 

var. orthambonites von Buch (de Verneuil) 

Plate J. Figs. 4a-c, 5a-d 

Orthis cailigramma Dalman, Kon. Vet. Acad. Handl. p. 114, pl. 2 fig. 3. ee La a Lo ~I 

Orthis calligramma de Verneuil, in Murch. De Vern. & Kayserl. Geology of Russia and 

the Ural Mountains, Vol II, p. 2U7, plate NIII, figs. 7a - 7f, and var. orthambonites yon Buch, 

ibid, figs. 8a - 8g. 

1868 Orthis calligramma Davidson, British Silurian Brachiopoda (Paleontographical Society Mono- 

— ee) preg Rea 

graphs), p. 240, pl. XXXV figs. 1-17 (Bibliography and synonymy). 

1883 Orthis calligramma Kayser, in Richthofen, China Vol. IV, p. 40, pl. III, figs. 10 - 13. 

1901 Orthis calligramma yar. Serica Martelli, Boll. della Soc. Geol., Ital. vol. XX, p. 297, pl. 4, 

figs, 1-4; var davidsoni Martelli, idem. p. 301, pl. 45, figs. 5-6. 

1913 Orthis calligramma Weller, in Willis, Research in China, vol. III, p. 282, pl. 25, figs, 3-6, 
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Shell small sub-sewnicireular, wider than high, with the pedicle valve strongly, 

and the brachial valve more gently convex. Hinge-line forming the greatest width of 

the shell, cardinal angles rectangular, sides and front regularly rounded. 

Pedicle valve somewhat sharply arcuate in transverse section, the greatest 

elevation between one third and one half the distance forward from the beak, which is 

elevated and very slightly incurved over the area. Cardinal area high, arched, and of 

triangular outline, with a median triangular delthyrium which is higher than its basal 

width. 

Brachial valve sub-semicircular, with a slightly salient beak which is not in- 

curved. Cardinalarea narrow, about one third as high, in the eenter, as the pedicle area. 

Contour depressed-conves, the greatest clevation about one third the length forward 

from the beak. A very faint median depression towards the front. 

Surface of shell marked by strong regular rounded plications, with deep inter- 

spaces about equal in width to the plications in the earlicr part, but wider towards the 

front. There are from 19 to 21 of them on the pedicle valve, and a corresponding number 

on the brachial valve. The pheations decrease very gradually in size towards the lateral 

margins, except on the cardinal extremities where the last three or more are fine and 

narrow. Growth-lines very fine and rather obscure. In some specimens the plications 

become rather widely separated near the front, as their own width does not increase in 

proportion. ‘This gives a very marked character to that part of tne shell, as compared 

with specimens in which the plications thicken more in proportion. 

The dimensions of a nearly complete small specimen (pl. I figs. 5a-d) are: 

height of pedicle valve 6.2 mm., height of brachial valve 5.7 mm., width of shell at 

hinge area 8.5 mim. Fragments of larger individuals also occur. 

The numerous varietics currently classed under this specific name require a 

thorough revision, when it will probably appear, that there are a number of distinct 

genetic series, The common Upper Ordovician (Caradocian) form of western Europe 

illustrated hy Davidson in plate NNXYV figs. 1 and 2, is strongly biconvex, and belongs 

probably to the genus Piectorthis which is derived from Orthis proper ly the increase, 

among other features, of the convexity of the Irachial valve, until in that respect it is 

essentially equal to the pedicle valve, On the other hand, in more priniitive mutations 
(primitive at least, so far as convexity of the brachial valve is concerned) the two valves 
are very unlike, and to this group our specimens belong. hat transitional forms connect 
the two series does not justify us in uniting them, for transitional fornis between species 

of a genetic series arc normal and to be expected, he inerease in the size of the 
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plications (or of the interspaces) is characteristic of a distinct evolutional direction, and 

the increase in number is equally characteristic of another, the two evolutional lines 

heing divergent. Interpreted in terms of mantle growth, which is, after all, the key to the 

surface features of the shell, the regular increase in size of the plications without inter- 

calation of new strie, signifies a uniform interstitial growth of the marginal or shell- 

building mantle-tissues, i. ec. a uniform rate, and a uniform distribution of growth. The 

development of intercalated plications on the other hand, signifies a proportionately more 

rapid mantle growth of the portions corresponding to the interspaces, and this excess of 

growth has to be compensated for by a folding of the mantle, and the corresponding 

formation of plications. In other words, individuals with intercalated plications indicate 

unequal mantle growth, while those in which new plications are added only at the hinge- 

margin, indicate relative uniformity of mantle growth. It is evident, that the two groups 

represent divergent lines of evolution. Our variety belongs to the latter group, and it is 

the one figured and described by de Verncuil as variety orthambonites, and it is to his 

figures 8b-d, that our form most nearly corresponds. 

The variety described by Weller from castern Szechuan has fine radiating strice 

intercalated between the coarser ones, while that described and figured ly Kayser from 

the ‘‘ Light gray Brachiopod limestone of Kiau-tchang-pa,’’ though larger, agrees in all 

essentials with the specimens from Chihli. 

Horizon anp Locatrry: In the upper part of the Machiakou (Actinoceras) 

limestone of Chaokouchuang in the Kaiping coal basin, eastern Chihli province. Collec- 

ted by survey expedition. 

Family STROPHOMENIDAE King 

Genus STROPHOMENA Rafinesque 

Strophomena cf incurvata (Shepard) 

Plate I fig. 6. 

cf.1893 Strophomena incurvata (Shepard), Winchell and Schuchert. Paleontology of Minnesota, Vol. 

I, (With bibliography and synonymy. ) 

cf.1909 Strophomena incurvata (Shepard), Grabau and Shimer, North American Index Fossils, Vol. 

I, p. 228, figs. 271, a-d. 

cf.19138 Strophomena sp. undt. Weller, in Willis. Research in China, Vol. III, p. 281, pl. 25, figs. 1, 2. 
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At least one species of Strophomenoid shell allied to S. ieureata is common in 

the upper Machiakou limestone. It is of medium size, moderately concavo-convex, with 

the hingeline forming the greatest width of the shell. 

Pedicle valve gently concave with a well developed hinge area. In some of the 

specimens the carliest stage of this valve, now forming the beak, is more or less strongly 

convex but this is usually a very small apical portion, and in some shells this is not 

shown at all. In consequence these suggest the characters of the brachial valve of a 

Rafinesquina, A specimen of this kind however shows a high hinge area, thus indicating 

that it is the pedicle valve, and that the generic reference is to Strophomena. Only half 

of the arca is shown, but this is enough to show the triangular delthyrium partly covered 

by a rather short deltidial plate. The contour of the valve varies in different specimens 

from nearly flat to pronouncedly concave, the greatest concavity being in the anterior 

third. 

Brachial valve strongly convex. No specimen has been observed in which the 

apical portion is depressed or concave, as is often if not generally the case in the genus. 

In some specimens the center of the valve is most strongly elevated, the sides being 

depressed-convex, Such a shell when small, bas something of the aspect of a Dulmenella, 

In other specimens, the coutour of the valve is regularly arched transversely, while the 

longitudinal contour shows the greatest convexity somewhat in front of the middle. Ina 

few speciniens the longitudinal contour is shghtly undulating, duc to faint and ill-defined 

concentric wrinklings, while near the front, the valve tends downward rather abruptly. 

Surface marked Jy rather strong radiating stric which inerease in strength 

forward, and are multiplied by the intercalation of other striw. These are at first much 

finer, but also become strengthened towards the front, while at the same time other fine 

strke appear in the widening interspaces. Thus the aspect of the surface is that of strong 

strie with fron three to five finer ones between cach pair of coarser ones. Very fine 

concentric lines cancellate the striw and mark the interspaces, where they are strongest. 

They are very numerous and close-sct. 

The width of an average specimen is 14mm. the height 8 mm. or more. 

Mormon axp Locarrerey: This is a common form in the massive dark-gray 
ealclutytes of the upper Machiakou limestone series at Chaokouchuang. As a rule the 

shells are closely crowded, and so much a part of the rock, that it is practically impossihle 
to prepare the specimens, and observations are limited to the fraeture exposures. Only 
In rare cases, Where the rock has weathered upon the surface, is the shell visible in relief 

and preparation with the needle point is possible. 
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Weller described similar shells as abundant in the Ki-su-ling limestone on the 

Ta-ning River in eastern Szechuan, where they were collected hy Blackwelder. His 

specimens indicate a somewhat larger size than our form, but appear to he of the same 

species. The reference of our species to the American S. incurvata is tentative, and 

indeed is probably not warranted. Better material is however necessary before it is 

possible to make a complete characterization of our form. It will probably be found to he 

a new species. 

S. incurvata is a characteristic and abundant fossil of the Trenton limestone of 

New York and of the central United States, where it is widely distributed. 

Clas PELECYPODA 

Order Prionodesmacea 

Faniy CTENODONTID~€. Hall 

Genus CTENODONTA Salter 

Ctenodonta symmetrica Grabau (sp. nov.) 

Plate I Fig. 7. 

Shell small, transverse, beak subeentral; hinge-line somewhat sharply arcuate. 

marked with rather strong transverse denticulations; ends subangularly rounded; ventral 

margin nearly straight. The anterior end is somewhat broader than the posterior, but the 

difference is not very pronounced. The anterior muscle-scar also appears slightly larger 

than the posterior, but again the difference is slight. It is however more strongly 

excavated than the posterior. There is a rather strong though low rounded ridge, extend- 

ing from the posterior ventral margin of the anterior adductor scar towards the rostral 

cavity, dying away before it reaches this. Surface characters unknown, but apparently 

the shell is marked by simple growth-lines. 

This small shell has some resemblance to Ctenodonta loguni Salter of the Black 

River of Wisconsin and Ontario, but the ends are more nearly equal and the denticulated 

hinge-line is more arcuate. The muscular impressions also are more pronounced, while 

the short internal anterior muscular ridge is distinctive. From C. fecunda Hall of the 

Upper Ordovician (Maquoketa shale) it differs in the straight ventral margin, and the 

strong muscular impressions. It has the character of hinge, and of muscular impressions 

of C. pectunculoides Hall, of the Cincinnati group, but is of less rounded form. 
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Horizon ann Locaurty: In the upper Machiakou (Actinoceras) limestone of 

Tangshan, associated with Lophospira, Pagodispira ete. Collected by Geo. B. Barbour. 

Only a single right valve of this species is so far known, this showing the interior, while 

the characters of the exterior are not visible. 

The genus Ctenodonta is abundant in the Upper Ordovician of North America, 

where it is represented hy many species. From Chinese rocks Ctenodunta has heretofore 

been reported only from the Lower Ordovician of Pupino in western Yunnan (Cowper- 

Reed) but the species has not been identified. 

Clas GASTROPODA * 

Order Rhipidoglossa Troschel 

Family EFUOQOMPHALID4 de Koninck 

Genus OPHILETA Vanuxem 

Ophileta plana Grabau (sp. nov.) 

Plate IT, figs. 1, 2a -b. 

Shell with the spire flattened to a planc, except for a faint sub-marginal keel, the 

effect of which is to give the upper surface of the whorl, 1. c. the shoulder, a faint 

concavity. There are about six volutions in what appears to be an adult specimen, the 

* It is desirable to define the various terms here used somewhat more precisely, since there is some variation in their 

use. Spire is used in the usual sense for the spirally coiled portion of the shell above the last or body-whorl. The angle formed 

by the convergent sides of the spire is the «pred ungle, the hody-whorl being excluded where this enlarges more rapidly, or is 

separated from the earlier whorls. JV’horl is used in a general sense for the elements of the spire and for the last or body-whorl. 

Volition is used more precisely for a complete coil, indicated by the lines of growth in juxtaposition on the two adjoining 

whorls. When the number of whorls is given it refers to the number of coils in the shell counted upwards from the body-whorl. 

In speaking of the first, second, third volition, or when the statement is made, that such and such a change occurs at the end of 

3 1/2 volutions, or 4 volutions ele. the measurement is always from the apical point or protoronch of the shell, the first volution 

being completed by the line of growth opposite (next below) the apical point. The whorls are separated by the sutures. A 

sulural shelf is a flattening of the succeeding whorl below the suture. The sbsetiral spiral or carina lies at the upper edge of 

the next lower whorl, next below the suture. A sefural caval is a depression at the suture, a sunken sutural shelf. Spirals are 

fine revolving ridges, a cvrina is a thickened revolving ridge, which may be a single thick spiral or composed of several spirals. 

It generally forms an anyulution in the shell whorl, The strong angulation of the whorl next below the suture, is called the 

shoulder angle, and is measured in degrees. It is often emphasized by the peripheral car/ut, and forms commonly the most 

salient feature of the whorl. The space between the shoulder angle and the suture is the shonlder and it is usually flat or gently 

coneave or faintly convex. 1t may slope upwards as in Lophospira, at right angles to the axis of coiling as in Ophileta and 

Maclurea or downward, and inwards, when the spire is depressed, as in Lecyliopterus, The part below the shoulder angle is the 

body of the whorl and it may contain one or more lvieer curinw each forming as a rule an angulation. They are numbered from 

the shoulder angle downwards (forwards). /t/bs or cosiw are transverse rounded elevation marking temporary expansions of the 

whorl followed by an equal contraction. If the expansion is suddenly abandoned, so as to leave an open forward-pointing or 

flaring portion of lip exposed, this is called a rurir. It may be spinose, and it may be confined to a single spine at the shoul- 

der angle. 

The degree to which the next whorl covers the preceding is called the amount of vmbraciny of the whorls. When 

the amount is small, so that most of the preceding whorl shows, the spire is said to be louse-coiled, if much is covered, it is 

close-coiled. If the whorls become separated from the earlier ones they are said to be Maly coded. Lax coiling begins with the 

formation of a sutural canal or channel. In trochiform shells the embracing extends to the shoulder angle. In a few forms 

with sunken spire, it may extend above the shoulder angle, 
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upper surfaces of which all lie at the same level, or are depressed so faintly as to be 

scarcely noticeable. Side or body of the whorl at first vertical, thus making the shoulder 

angle 90 degrevs. This verticality is most marked in the last or body-whorl of the adult 

shell, whereas in the young, the contour quickly becomes rounded off inwards, this 

rounding being progressively more pronounced in the younger portion of tbe shell. On 

the under or umbilical side, the inner whorls are probably depressed, though so far only 

weathered specimens have been obtained, in which the whorls appear entirely flat. In 

these however the outer whorls are quite evidently worn down to the level of the inner. 

In a young specimen partly freed from the matrix, this depression of the inner whorls is 

indicated. 

In an adult specimen, (Plate I, fig. 1) the greatest diameter of which is 24 mm. 

the width of the final whorl (shoulder width) is 6.8 mm. In a young specimen (pl. II. 

figs. 2a-b) with a maximum diameter of 14 mm., the final whorl has a diameter of 4 mm. 

The most characteristic features of this species are: the flat surface of the spire 

formed by the shoulder, the position of which is at right angles to the axis of the shell, 

and the submarginal carina. The lines of growth are not sufficiently shown in any of the 

specimens so far found to indicate whether or not there is a deep notch upon the keel 

such as characterizes typical specics of Ophileta, Nevertheless the general characters are 

such as to make reference to the genus Op/iletu most reasonable. 

Of American species of the genus known to me, the present form comes in many 

respects near to O. complimata, of the Beekmantown (Lower Ordovician). It differs 

however from that species in the flat spire, and the sunken or depressed umbilical area, 

which in the American form is flat, while the spire is depressed and the whorls concave. 

As in the American form, the upper keel is submarginal and the sides of the shell flat 

and nearly vertical, except in the lower portion, where they curve inwards in the Chinese 

species. 

In general appearance the Chinese species is very like that descriped and figured 

by de Verneuil as variety A, of Hwomphalus qualtervatus Salter, in the Paleontological 

volume of the great work on the Geology of Russia and the Ural Mountains (p. 334, pl. 

XNII, figs 2a, 2b,), Indecd our form might be considered conspecific with the Russian 

form (obtained from the Ordovician rocks of St. Petersburg), which is most certainly 

distinct from Salter’s specics. The two forms are very similar, except for the absence in 

the Russian form of the outer keel, which is distinctly shown in the Chinese species, and 

for the fact that the shoulder angle of the Russian form is less than 90 degress. 

Horizon ANb Locaniry: This specics was collected by F. F. Mathieu, geologist 

of the Kailan Mining Administration, in the Liangchiashan limestone at Liang-Chia- 
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Shan, Shih-mun-chai (Shihmenchai) region near Chingwangtao eastern Chihli province 

(horizon F3). The formation is Lower Ordovician. 

Ophileta squamosa Grabau (sp. nov.) 

Plate I] Figs 3-6 

Shell with sunken spire, the whorls nearly in a plane but asymmetrical, gradually 

enlarging and in contact except, in some cases, in the last part of the final whorl. 

Umbilieus very large. Whorls with a gently concave, slightly inward sloping shoulder, 

limited within by a blunt angulation and without by a rather sharp carina or keel, which 

is however not greatly elevated. Outer surface of whorl regularly convex, in such a 

manner that seen from above the carina is something less than one third of the width of 

the whorl within the periphery. Lines of growth curving strongly backwards at the 

carina, forming a pronounced apertural notch at that point. 

On the umbilical side the whorls are gently convex or slightly angular at the 

center with a pronounced but rounded carina next to the inner margin. On this side the 

lines of growth are very squamose projecting at regular intervals, in the adult, in the form 

of small sharp varices. These dic away at the outer margin, but continue on the inner 

carina and along the inside of the whorl to the point of contact with the preceding 

whorl. Preceding the strongly squamose portion of the final whorl isa part where these 

squamie have more the appearance of coste and are farther apart (plate IT fig 4). This 

condition is still slightly visible on a portion of the preceding whorl. 

The Jargest adult individual of this species found (pl. IT fig. 6), has a maximum 

diameter of 55 mm. It is however a much worn specimen, and little can be added to the 

characters. ‘The width of the final whorl of the aperture is 15.5 mm., the enlargement 

being rather rapid in the last stage. The growth lines are strongly squamose projecting 

about. 0.7 mm. from the shell. 

A section of another adult shell has a diameter of 36 mm., but shows only the 

outer whorl (pl. II. fig. 5), the maximum diameter of which is 12 mm., this being some 

distance behind the peristome. The outer surface of the shell is regularly rounded, from 

the keel of the shoulder angle to the margin of the umbilicus which is characterized by a 

faint rounded keel. The shoulder angle or keel lies about one third the distanee in from 

the periphery of the whorl as sven from above and it forms nearly aright angle. The 
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shoulder slopes strongly inward and is gently concave. The inner side of the whorl is 

rounded with a very faint suggestion of an impressed zone where it was in contact with 

the preceding whorl. ‘The growth lines are squamose and crowded. 

This species is of the type of Ophileta bella Billings which is found in the Beek- 

mantown (Div P) of Newfoundland. The upper carina is however nearer to the outer 

margin in the Chinese species and the shoulder more regularly concave. Again, the 

lines of growth are not squamose on the upper surface of the Chinese species, as they are 

in the Newfoundland form. On the umbilical side, the Chinese species is marked hy a 

rounded carina near the inner margin, this being absent in the Newfoundland species. 

On this side too, the growth lines are much more strongly squamose in the Chinese than 

in the Newfoundland form. Though related, these two forms are markedly distinct. 

Horizon anp Locarity: This species was obtained by Dr. F. F. Mathieu from 

the Peilintze or lower limestone of the Lower Ordovician, at Pei-Lin-Tze, Shihmunchai, 

province of Chihli. It is not an uncommon form. 

Genus ECCYLIOPTERUS Remele 

Eccyliopterus kushanensis Grabau (sp. nov.) 

Plate If Figs 7a-e. 

Shell of medium size consisting of about four volutions, which enlarge gradually 

and regularly. Spire sunken; umbilical side nearly flat. Whorls of sub-rhomboidal 

section, the shoulder sloping inward, with a sharp shoulder angle, which was scarcely 

elevated into the marginal ‘‘collar’’. Shoulder angle of the inner whorls somewhat 

greater than that of the outer ones, the shoulder itself sloping inward to a lesser degree 

than in the adult, and being flat, whereas that of the outer whorls becomes slightly concave. 

The successive whorls embrace to within a very short distance of the shoulder angle, which, 

however, projects slightly in each whorl. Outer surfaces of the whorls very gently convex, 

less so in the adult than in the earlier whorls, but not actually flattened. Towards the 

umbilical side the whorls become regularly rounded, and separated by depressed sutures. 

On this side the whorls are only very slightly depressed, so that a very large and very 

shallow umbilicus results. 

This species is related to Lecyliopterus sinensis (Frech) (Raphistoma sinense 

Frech) from southern China. Comparison with a characteristic specimen from Hupeh, 

(Pl. IT, fig. 8) shows it to be a flatter ag well as larger shell. The whorls of the present 
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species are not so high laterally as in HM. sinensis, and the shoulder angle is somewhat 

less pronounced. The sides of the Hupeh form too are less convex, becoming almost flat 

in the last whorl, and the umbilicus is more depressed than in the northern species. In 

FE. sinensis too, the embracing is much more pronounced so that each outer whorl rises, on 

its inner margin, above the shoulder angle of the preceding whorl, whereas in JF. 

kushanensis the shoulder of the outer whorl meets the whorl next within, a very short 

distance below the shoulder angle. This is shown in the sections on plate IT. of which 

fig. 7c represents the whorls of /. kushanensis and 8d those of If. smensis. 

Horizon anp Locanrry: The only specimen so far known comes from the 

Machiakou limestone of Ku-Shan, in Huo-Luh-Hsien western Chihli. This region has 

also furnished uletinoceras richthofent from apparently the same horizon, 

Genus ECCYLIOMPHALUS Portlock 

Eccyliomphalus tangshanensis Grabau (sp. nov.) 

Plate II Fig. 9. 

Shell large, laxly coiled, whorls not in contact, coiling essentially in a plane. 

Whorls rather rapidly enlarging from about 10 mm. at the beginning, to 25 mm. at the 

end of the final volution in the type specimen, in which only about one and a half 

volutions are preserved. Earliest whorls unknown. Under side broadly rounded, inner 

angle sharp and rectangular outer angle rounded. Upper surface unknown. 

The specimen exposes only the lower side of the whorls which is partly worn. 

Its large size (maximum diameter about 7 mm.) and rapidly enlarging whorls are 

however very characteristic features. A section of a second specimen shows nearly two 

complete volutions but the final portion is crushed inward giving the shell a smaller 

proportional diameter. The diameter of the final volution is only about 18 mm. at the 

end, and 7 mm. at the lbeginning, giving about the same rate of enlargement. This 

specimen is worn down from the upper side. A comparison of the two specimens suggests 

an ovate-triangular cross-section of the whorls. Only a portion of the shell is preserved on 

the under side and this shows indistinct regular lines of growth. In general form and 

character, and in the rate of enlargement this shell suggests Meeylomphalus undulatus Hall 

from the Stones River (late Middle Ordovician) of the ecntral United States. It is 

however a much larger shell than any member of that species with which I am 

acquainted. 



Vol I. Grabau—Ordovician Fossils from North China (1) 25 

Horizon anp Locanitres; In the upper beds of the Machiakou or Actinoceras 

limestone, at Tangshan in the Kaiping Coal Basin, Chibli province, T. C. Wang coll. 

Also in the same formation at Huo-Luh, (Hwo-Luh) Chihli, Miss Clarke, coll. 

Family PLEUROTOMARIIDé d'Orbigny 

Genus LOPHOSPIRA Whitfield 

Lophospira morrisi Grabau (sp. nov.) 

Plate ILL Figs. 1, 2a, b. 

Shell of medium size for the genus. Spire consisting of about five angular whorls 

which embrace to within a very short distance of the peripheral carina. Apical angle 57 

58 degrees. Whorls with flat or very gently concave shoulder, pronounced peripheral 

carina, obtuse shoulder angle, and faint lower carina. In well-preserved specimens, the 

shoulder angle is marked by a sharply rounded carnia with a narrow peripheral band on 

the outer edge of the shoulder, delimited by the peripheral carina and a fainter spiral 

above it. Lines of growth fine and sharp, beginning at the suture, where the shoulder is 

sometimes thickened as by a faint subsutural carina. From this point the lines of growth 

bend backwards, at first very gently, then, as they approach the band, move abruptly, 

crossing the band with a distinct semilunar curve. In this respect the growth-lines and 

band are very similar to those of Livspira barbour? from the same horizon. They evidently 

indicate a rather pronounced supra-marginal notch, a feature not usual in the genus 

Lophospira where the notch is generally at the peripheral carina. 

The lower carina is faint and scarcely affects the contour of the body of the whorl; 

it may indeed he absent altogether. 

Aperture sub-rhomboidal, the inner lip slightly reflected and covering the 

umbilicus. 

Length of a perfect specimen (Plate IIT fig. 1), 17.5 mm., greatest diameter of 

body whorl, 12.5 mm. 

This species is very similar to Lophospira medialis Ulrich and Scofield, from the 

Trenton limestones of New York and the central United States, the chief difference being 

the pronounced marginal band on the shoulder of the Chinese species, and its somewhat 

sharper peripheral carina. In other respects the two species are closely allied, and some- 

what worn specimens of the Chinese species might readily be taken for the American 

form. 



(1) 26 Paleoutologia Sinica Ser. B 

Horizon ann Locanrry: <A nearly perfect specimen was obtained hy Messrs. 

Morris, Barbour and Terrill in the upper quarry beds of the Machiakou or Actinoccras 

limestone at Tangshan in the WNaiping coal basin castern Chihli province. This specimen 

was associated in the same slab with Sa/pingostome terrula and cletinoceias ta. Another 

specimen, obtained hy Mr. Geo. B. Barbour, from the same locality and horizon, is 

associated with Lophospira pulchelliformis and Pagodispira derwiduii, These specimens are 

deposited in the Museum of the Survey. The specific name is given in honor of Frederick 

K. Morris, Professor of Geology in Peivang University Tientsin, in recognition of his 

active interest in the stratigraphic and structural problems of this country. 

Lophospira pulchelliformis Grabau (sp. nov.) 

Plate 1II Figs. 3, 4. 

Spire elevated, the apical angle about 60°, whorls embracing only to the lower 

carina which is strong and occupies the middle of the body of the whorl. 

Shoulder flat or very gently concave, the shoulder angle about 90°, and marked 

by a rounded, well defined, peripheral band which occupies the apex of the angle, and 

is defined by an impressed line on either side. Lower part of whorl divided into two parts 

hy the strong body carina which is rounded and nearly equal in strength to the shoulder 

angle. This carina is partly shown just above the suture in the earlier whorls. That part 

of the whorl between the shoulder angle and the lower carina is concave, while that below 

the carina is gently concave near the carina but becomes gently convex towards the 

umbilicus, which is narrow. Lines of growth deflected backwards on the periphery, where 

they indicate a notch of moderate depth. 

This species is the Chinese analogue of the North American LZ. pulchella Ulrich 

and Seofield, which is found in the Black River horizon of the central States. The apical 

angle of our species is somewhat larger, being 60° as against 50° to 569 in the American 

form. The lower carina in our sj-ccics is also somewhat lower down on the whorl than in 

the American form. Nevertheless the two arc very much alike. 

Horizon and Locanrrms: In the upper part of the Actinoceras or Machiakou 

limestone at Tangshan, several specimens, collected by Survey expedition; also one from 

the same section collected by Geo. B. Barbour, 
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« Lophospira trochiformis Grabau (sp. nov.) 

Plate LII Figs. 5a, db. 

Shell with trochiform spire, the whorls embracing to the peripheral angulation. 

Shoulder concave, the periphery formed by a round band delimited by linear depressions 

above and below. Body of whorl without carina, concave below the peripheral band but 

convex for the greater portion; umbilicus small. Apical angle about 75°, shoulder angle 

100%, 

This species resembles Z. morrisi, but is more strongly embracing, so as to 

entirely cover the preceding whorl. There is, further, no indication of an accessory carina 

on the body of the whorl. 

Horizon anp Locarrry: In the upper part of the Actinoceras or Machiakou 

limestone at Tangshan. 

Lophospira acuta Grabau (sp. nov.) 

Plate III Figs. 6. 

Shell small, high-spired, apical angle about 57 degrees, whorls embracing to lower 

carina, Which is pronounced and sharp. Shoulder concave, characterized hy revolving 

spirals, and forming an acute angle with the body of the whorl. Shoulder angle sharp. 

There are indications of rather sharply pronounced growth-lines which cancellate the 

spirals, Umbilicus minute. 

This species differs from L. pulchelliformis, in the more acute shoulder angle, and 

in the sharp peripheral and lower carina. The apical angle is also somewhat smaller in 

L. acuta than in L. pulchelliformis, 

This species resembles in form, acuteness of whorl, and sharpness of carine the 

American DL. acuminata (Ulrich and Scofield) from the Upper Ordovician (Richmond) of 

the central United States, and like that form, appears to have strong growth lamelle. 

Our species is however characterized by a minute umbilicus, which is absent in the 

American species. 

Horizon Anp Locatrry: This species was collected by the Survey party in the 

upper Actinoceras limestone (Machiakou limestone) near Chaokouchuang, province” of 

Chihli (Ixaiping coal basin). Its age is early Upper Ordovician, Cat. Mus. Geol. Survey 

Nos 47 and 48. 
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Lophospira gerardi Grabau (sp. nov.) 4 

Plate ITI, Fig. 7. 

Shell of less than medium size, with an apical angle of 65 to 70 degrees. Whorls 

embracing to a point about midway between the two carine, exposing the lower portion 

of the whorl for an amount equal to about half the shoulder width. Shoulder flat to very 

gently concave, with a well-marked peripheral carina, bordered above and below by a 

distinct spiral line. The upper of these spiral lines is separated from the median carina 

hy a distance about twice that between the carina and the lower bordering spiral, produ- 

cing the appearance of a peripheral band on the margin of the shoulder. Shoulder angle 

about 95°. Lower carination gencrally well marked, its distance from the periphery 

being somewhat less than the width of the shoulder. The space between the two 

carinations is gently concave or nearly flat, while below the lower carina, the whorl 

slopes rather abruptly to the umbilical region. Aperture subquadrate; umbilicus not 

observed. 

Lophospira gerardi has many of the characters of Z. perangulata Hall, from the 

Stones River and Lowville-Black River groups, of the central United States, New York, 

and Canada, the chief differences being the greater apical angle of our species. In the 

American form the final whorl is also often laxly coiled, and the peripheral carina is 

trilineate. 

Horizon anp Locarity: This species and its variety were found by the Survey 

expedition in the Machiakou or Actinoceras limestone of the Chaokouchuang region in 

the Kaiping coal basin. The specific name is given in honor of M. Jaques Gérard, 

geologist and engineer of the Chaokouchuang mines of the Kailan Mining Admin- 

istration. 

Lophospira gerardi 

variely Jaxa Grabau (var. nov.) 

Plate TIT, Fig. 8. 

This is a gerontic mutation of L. gerardi. The early whorls are slightly more 

embracing than in the normal form, making a greater apical angle (nearly 80 degrees), 

but the later whorls become slightly separated, producing a lax-coiling adult. This 

results in a pronounced sutural channel, hounded without hy the sharp upper angle of the 
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shoulder. The shoulder itself at the same time becomes more pronouncedly concave, 

and the peripheral carina becomes more prominent. The trispiralled character of the 

peripheral carina is still maintained, with the median spiral thickest, but the lower spiral 

becomes more distant, so that the space between it and the median one is slightly wider 

than that between the median and upper spirals. ‘The space between the peripheral and 

lower carine has also become more pronouncedly concave. Umbilicus not observed. 

Horizon anp Locanrry: Occurs with the preceding. 

Lophospira terrassa Grabau (sp. nov.) 

Plate III, Fig. 9. 

Shell of medium size, and somewhat robust aspect; apical angle albout 62 degrees. 

Earliest whorls not preserved. Neanie whorls with a shoulder angle of about 95° which 

in the adult becomes between 100 and 110°. Whorls moderately embracing, leaving the 

hody exposed to a height cqualling about half the shoulder width, or somewhat less. 

Shoulder moderately convayve, with a broad and rather ill-defined upper (subsutural) 

carina and a well-defined sutural shelf or terrace, which is flat or may slope shghtly 

inwards, Shoulder angle marked by a rounded carina bounded by impressed lines. Body 

of whorl, below shoulder-angle, gently convex, without lower carina. Lines of growth 

sharp and crowded, bending at first gently backwards on the shoulder, and then crossing 

the periphery with a pronounced backward curve. After crossing the periphery, they 

bend forward, and then more abruptly downwards. They thus indicate a pronounced 

peripheral notch. Axis with a minute median hollow, as seen in the broken apex. 

Diameter of final whorl 15 mm. 

This species differs from L. gerard: in the absence of the lower carina, and in the 

terrassiform sutural shelf. From L. morrisi it differs in the presence of this shelf, and the 

lesser amount of embracing. It is closely related to Lophospira ampla Ulrich of the 

Lorraine and Richmond (Upper Ordovician) of the central United States, but that species 

has a less developed subsutural shelf, and the whorls embrace somewhat more, giving the 

shell a slightly greater apical angle. The two species are however very similar. 

Horizon anp Locaurry: In the Machiakou limestone of Tangshan, Chihli. 

Survey collection. 
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Lophospira obscura Grabau (sp. nov.) 

Plate III Tig. 10 

Shell turreted, consisting of about 5 whorls which expand rapidly and are 

angulated hy a pronounced shoulder angle and a less marked lower carina. Apical angle 

about 60 degrees. Shoulder flat, bounded below ly a heavy carina and embracing to the 

lower carina of the preceding whorl. Exposed part of the body of the preceding whorl 

somewhat less than the width of the shoulder. Shoulder angle about 115 degrees, 

characterized hy a rather strong rounded carina or keel. Lower carina moderately strong, 

tiie surface of the whorl between it and the shoulder angle being flat or shghtly concave. 

Below the lower carina the whorl is rounded. Umbilicus apparently closed. Surface 

characters not ascertained. 

In its general form and character this species resembles L. bicineta of the Stones 

River and Trenton groups of the central United States, but it is without the marked 

carina near the upper end of the shoulder. That is however faint in some cases in the 

American species. It differs from LZ. gerardi in the greater shoulder angle, smaller apical 

angle and less degree of embracing. 

The mold of the interior of our species presents rounded outlines owing to the 

thickening of the shell on the interior. 

Horizon anp Locarrry: In the Actinoceras beds of the Machiakou limestone at 

Tangshan. Collected by Survey expedition. 

Genus PAGODISPIRA Grabau (gen. nov.) 

Shell with comparatively small apical angle and subrectangular whorls, giving the 

shell a pagodiform aspect. Whorls without slit, but bearing a peripheral carina like that 

of Lophospira, One or more additional carinze may be present. Aperture subquadran- 

gular to trapezoid, generally with a faint anterior emargination. Umbilicus generally 

covered by the reflexed inner lip. 

This genus is closely related to Lophospira from which it differs primarily in the 

much drawn-out form of the spire, and the resultant small apical angle. It may indeed 

be regarded as a more primitive branch of the Lophospira series in which the whorls 

embrace only to a very small degree, or better as a lateral branch from the ancestral 

stock, in which the embracing of the whorls remains in the primitive state. This is 

suggested by the fact, that in other gastropod series the more specialized members show a 
larger amount of embracing, while further, members of a degencrating series, show a 
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tendency towards a decreasing amount of embracing in the adult, which in certain cases 

is followed by a loosening or laxness of the coil. 

Genotype: Pagodispira derwiduii Grabau, Ordovician. 

Of foreign species referable to this genus, we may mention Pagodispira bowdenr 

(Safford) from the Upper Ordovician of North America. So far as known the genus is 

confined to the Ordovician. 

Pagodispira derwiduii Grabau (sp. nov.) 

Plate III Fig, 11. 

Shell slender, with the apical angle varying from 28 to 82 degrecs; whorls 8 to 

10 (at least 9 in the holotype) angular, and divided near the center of the exposed part 

by a sharp peripheral carination which consists of a median strong rounded spiral, closely 

flanked by a fainter and much weaker spiral on each side. Shoulder gently concave, 

apparently smooth, though there is a suggestion of faint spiral lines. Shoulder angle 

varying from about 95 degrees in the young, or in more retarded individuals, to about 

112 degrees in the adult. Exposed portion of whorl below the shoulder angle of the same 

width as the shoulder, and like that gently coneave. <A lower carina, situated just below 

the suture of the whorls is present at least in the adult portion, where it is of moderate 

strength on the body-whorl. Umbilicus covered by reflexed inner lip. Length of 

holotype about 35 mm. (the apex is imperfect), diameter of last whorl 14 mm. 

This species differs from the American P. bowdeni (Safford) (Lophospira bowdeni 

Ulrich and Scofield) from the Lorraine and Richmond of the central United States, in 

the sharper shoulder angle (that of P. bowdeni being from 122 to 125 degrees) and in the 

more strongly concave shoulder, that of P. bowdent becoming convex near the suture, 

forming an obscure carina. The whorls of our species also embrace tu a lesser degree 

than is the case in P. bowdeni, where the part below the periphery is only about two 

thirds as wide as the shoulder. Finally the Chinese species has a sharper peripheral 

carina and a stronger lower carina, the latter in P. bowdeni leing faint or absent. From 

P. dovothea Grabau, it differs in the sharper shoulder angle and peripheral carina and the 

lesser degree of embracing. 

Horizon And Locanitres: In the Machiakou or Actinoceras Imestone near 

Chaokouchuang in the Kaiping coal basin, Chihli province. Collected by the Survey 

expedition. Also in the same horizon at Tangshan, collected by George B. Barbour. 
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The specific name is given in honor of M. Maurice Derwiduce, chief of the 

Chaokouchuang mincs, whose interest in, and recognition of the practical valuc of 

geological and paleontological science, has contributed not a little to the distinguished 

success of the great mining operations under his charge, and who gave us every facility 

and aid in his power, in our investigation of the stratigraphy and paleontology of the 

Chaokouchuang region. 

Pagodispira dorothea Grabau (sp. nov.) 

Plate JII Fig. 12 

High spired, with apical angle of about 24+ degrees; consisting of about 8 angular 

whorls. Shoulder flat or very gently concave, without change of slope at suture; shoulder 

angle in the young whorls about 90 or 95 degrees, increasing in the adult to 117 degrees. 

Exposed portion lhelow peripheral carina, about two thirds as wide as the shoulder in the 

adult, apparently more nearly equal to it in the young; flat, or appearing slightly concave 

because of the strong peripheral carina, which is somewhat thickened. Lower carina 

strong, situated at the suture, and exposed in the penultimate whorl, because of the slight 

separation of the final whorl. 

The species differs from P. derwiduti in the greater shoulder angle and more 

pronounced embracing of the adult whorls, as well as in the laxity in growth of the final 

whorl, From P. bowdeni it differs in the character of the shoulder and in the sharper 

peripheral, and stronger lowcr carinw. 

Hortzox axp Locatrry: In the upper Machiakou or Actinoceras limestone of 

Tangshan. ‘The specific name is given in honor of Mrs. Dorothy Dickinson Barbour, 

wife of Prof. George B. Barbour the discovercr of the holotype, and by whom it was 

presented to the museum of the Survey. 

Pagodispira dorothea var. laxa Grabau (var. nov.) 

Plate III Tig. 13 

This varicty differs from the species in the laxness of coiling characteristic of the 

whorls. This is shown in the submature whorls hy the fact that the lower carina shows 

above the suture and in the last whorl by actual looseness of the whorl. ‘The apical angle 

is about 18 degrecs. The lower carina is strong. 
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The earlier whorls, some of which are shown on the same rock fragment, have 

the normal character of the young of P. dorothea, which is also essentially like that of the 

adult P. derwiduti. 

Horizon and Locarrry: ‘This variety occurs in the upper beds of the Machiakou 

or Actinoccras limestone of Chaokouchuang, where it was collected by the Survey party. 

Genus LIOSPIRA. Ulrich & Scofield 

Liospira barbouri Grabau (sp. nov.) 

Plate II[, Figs. 14a, b., 152-¢. 

Shell of medium size but somewhat higher spired than in the majority of species 

of that genus. Height of spire somewhat variable, the apical angle ranging from 110° in 

the lowest to 95° in the highest spired individual. Whorls subrhomboidal, with a gently 

coneave shoulder and a sharp shoulder angle which varies from 60° in the more strongly 

conical to 55° in the more depressed forms. Lower part of the whorl very gently convex 

or almost flat; with a sharp angle at the rather large umbilicus. 

Peripheral band on the outer margin of the shoulder fairly well defined by a low 

but sharp carina or spiral, the succeeding whorl embracing to the outer edge of the 

peripheral band, i. c. to the shoulder angle, so that the suture is not depressed. Jines of 

growth nearly vertical or slightly oblique backwards in the upper half of the shoulder, 

after which they are strongly deflected backward to the peripheral band which they cross 

with a definite curve, producing a pronounced marginal notch (Plate III, Fig. 15c). 

Aperture not fully preserved in the known specimens. 

This species has the rather Hat base and subtrochoidal form of a Fucunia, but the 

sharp shoulder augulation, the usual concavity of the shoulder, the large umbilicus with 

angular margins, and the slightly defined band on the peripheral margin of the shoulder, 

indicate its relationship to the genus Liospiru. The character and position of the 

peripheral band, and the deep notch are fvatures also suggestive of Luconia, 

I am not acquainted with any American or European species with which this 

species is likely to be confounded. It has many of the characters of Z. vitruvia (Billings) 

of the Middle and carly Upper Ordovician (Stones River to Trenton) of Canada and the 

United States, but the spire is higher and the apical angle therefore less, in our species, 

while the shoulder angle of our form is also sharper and the lower part of the whorl 

flatter. 
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Measurrmnsts. The following are the measurements of the types: 

Diameter of Diameter of 
Height body-whorl umbilicus 

1. (Fig 14), 12. 5 mm. 1%, 5 mm, a5 

4, (Fir 15), 11, 4 nim. Gapprex, ) 20), YY Hit. Se (, 

Horizos axp Locaurry: In the upper portion of the Actinoceras or Machiakou 

limestone at Tangshan, provinee of Clibh. Collected by George B. Barbour, Professor of 

Geology in Peking C'bristian University, in whose honor the shell is named. Also 

Survey collection. 

Tamily MURCHISONID&é. kvken 

Genus HORMOTOMA Saller 

Hormotoma doquieri Gralhau (sp. nov.) 

Plate III Figs. 16a-b 

Shell small, high spired with 7 or more whorls (the apex is imperfect), which 

embrace very slightly, leaving the larger part of the preceding whorls exposed. Apical 

angle about 16°. Shoulder flat or gently convex. Shoulder angle obtuse, characterized 

ly a revolving band, which is bordered hy a spiral on either side. Lower part of whorl 

rounded, and broader than the shoulder. Lines of growth prominent, producing a 

subdued surface ornamentation. Aperture not fully shown, but apparently with an 

anterior notch. 

This shell has the general character of Hormotomu gracilis Hall. from the Chazy 

and Stones River, and the Trenton of North America, but the shoulder is Hatter in the 

Chinese form and the lower exposed part of the whorl proportionately higher than in the 
American species, The lines of growth are also more prominent in the Chinese form, 

Ilortzox anp Locanrry: In the Liangchiashan limestone of the Shih-Mun-Chai 

region, vastern Chihli province, collected by IF. F. Mathieu. The specific name. is 
given in honor of M. Alexandre Doquier chief of mines of the Kailan Mining Ad- 

ministration. 
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Family BUCANID AE Ulrich & Scofield 

Genus SALPINGOSTOMA Roemer e 

Salpingostoma iterrilli Grabau (sp. nov.) 

Plate II, Figs. 10a-¢ 

Shell bellerophontoid with rather rapidly enlarging whorls, coiled in a single 

plane; the earlier whorls embraced hy the later, so as to produce a rather small and deep 

umbilicus. Outer contour of whorls rounded, except where this is interrupted by the 

pronounced slit, the sides of which are slightly elevated. .Apertural portion suddenly and 

flaringly expanded into a broad bellerophontoid lip, which extends on all sides of the 

whorl, and closes the slit in front. Surface markings not preserved. 

The only specimen so far known is crushed on one side and on the front, but 

shows all the essential characters of the genus. ‘The slit is wider than is usually the case 

in this genus and its borders are somewhat thickened. How much of this is due to 

silicification cannot be stated. 

Compared with other species of this genus, the whorls of this form expand morc 

rapidly and embrace more closely, thus giving a much smaller and deeper umbilicus than 

is usually found in this shell. The lip also appears to be broader and more extended than 

in other specics. This genus is well represented in the Stones River (Chazy), and Black 

River formations of interior North America and in the Trenton of New York and Canada. 

It also extends into the Richmond group of the highest American Ordovician. The 

genus is further well represented in the Upper Ordovician of Esthonia (formations 

C1, C2 and F1) 

Our species is more nearly of the type of those found in the Echinosplierites 

limestone (C1) of Europe and those of the Trenton hmestone of America, but is distinct 
- 

from all of these forms. 

Horizon Axp Locaurry: Associated with Lophospira morrisi and .letinoceras tani 

in the upper Machiakou or Actinoccras limestone of Tangshan, province of Chihli. At 

present represented hy only one specimen. Collected ly Messrs. Morris, Terrill and 

Barbour. 

Holotype in the collection of the Chinese Gevlogical Survey, Cat. No 32. Named 

after Mr. Arthur C. Terrill, Professor of mining in Peiyang University, the discoverer of 

the specimen, 
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Order Ctenobranchiata Schweigger 

Family PYRAMIDELLIDZ Gray 

Genus FUSISPIRA Hall 

Fusispira sp. 

Plate III, Figs. 17. 18. 

Among the material collected by M. Mathieu from the Pcilintze limestone, are 

two specimens of a gastropod, which, from the general form of the spire and the contour 

of the whorls, is referable to the genus f'usispira. The apical angle is 11 or 12 degrees, 

and the shell consists of about 10 whorls if not more, the apical portion of both 

specimens being imperfect. The whorls are of somewhat greater diameter than their 

length, uniformly rounded, and gradually cnlarging. The amount of embracing is shght, 

producing a loose-coiled shell, with a deep suture, which is very oblique, and forms an 

angle of 51 to 57 degrees with the axis of the shell. Character of aperture and nature of 

surface markings not ascertained. 

This shell has the general form and proportions of Fusispira angusta Ulrich and 

Scofield, from the Trenton of the central United tates, but the apical angle of the 

Chinese species is smaller by perhaps 5 degrees, the whorls shorter, and the suture 

deeper. 

Horizon anp Locatrry: In the Peilintze limestone of the Shih-Mun-Chai region, 

assuciated with Ophiletu squamosa. Collected by F. F. Mathicu. 

Class CEPHALOPODA 

Order NAUTILOIDEA Zittel 

Suborder Holochoanites I[Ivatt 

Family ENDOCERATID&~ Hyatt 

-Genus PROTEROCAMEROCERAS Ruedemann 

Proterocameroceras mathieui Grabau (sp. nov.) 

Plate 1V, Figs, 1-3 

Orthoceracones of unknown size, represented so far only hy fragments, which 

suggest that the shell had a length of a vot, and probably much more. Moreover the 

fragments may represent only the carlier part of the conch. 

* 
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Shell oval in section, the largest fragment known having a derso-ventral diameter 

of 23 mm., while the transverse diameter is something over 30mm. At the same point 

the siphuncle has a diameter of 12 and 15 mm. respectively, thus being at this stage about 

one half the size of the shell. The ventral side is distirctly flattened, this being shown 

both in the shell and in the siphuncle, which lies in close juxtaposition to the flat ventral 

side of the shell. The thickness of the shell-wall at this point is half a millimetre. The 

camere average 3 mm. apart at this stage, and their concavity, as nearly as can be 

ascertained, is equal to about twice their distance apart at the center, or a little more. 

Siphuncle distinctly flattened on the ventral side where it is in contact with the 

shell, the flattened part in the apical portion of the largest specimen being 9mm. It 

tapers at the rate of about 1 mm. in 16, There is a well-defined and distinct wall, which 

encloses the siphunele (endosipholining of Ruedemann). This siphuncular wall or inner 

shell is obliquely annulated by the cdges of the siphonal necks, which are slightly but 

distinctly constricted just before reaching the next lower septum. The suture forms a 

distinct ventral saddle on the flattened surface of the shell. The anterior empty portion 

of the siphunele (the endosiphocylinder of Ruedemann, i. e. the inner living-chamber) is 

broken away to the edge of the last-formed endosipbosheath (inner conical septum). The 

depth and apical angle of the endosiphocone, delimited by this last sheath, cannot be 

ascertained, but the former is at least 20 or 25 mm. which would make the latter about 

25°, The interior of the siphuncle below this cone is filled by crystalline calcite which 

has a distinct radial structure as in belemnites. In its center or nearly so, lies the 

subtriangular endos/phocoleon, flattened on the ventral side to correspond to the flat ventral 

face of the siphunele. Its ventral diameter at the lower end of the specimen is about 

2.9 mm. 

Another specimen (Plate IV fig 2a-c) shows an earlier portion of the shell, 

apparently of a different individual. The shell is strongly oval, the maximum transverse 

diameter being 18 mm. while the dorso-ventral diameter is only 11 mm., though the 

shell appears to be somewhat crushed dorsally. The corresponding diameters of the 

xiphunele are 8 and 7 mm. respectively. 

The septa are a little over 1 mm. apart. The siphuncle is in close juxtaposition 

to the flat surface of the shell, which is about 6 mm. wide. The sides of the siphuncle are 

obliquely annulated by the septal necks, which form an angle of 70° with the ventral 

surface of the siphuncle, this being essentially the angle formed Ly them in the larger 

specimen. The endosiphocoleon lies somewhat dorsad of the center. Rate of tapering of 

siphuncle 1 mm. in 26, 
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On the exterior of the shell there appear to be broad very shallow and ill-defined 

concentric constrictions, but these are observed only on the ventral side, the rest of the 

shell not being visible. 

Three fragments of the collection appear to represent parts of a single siphuncle 

of this species (Plate IV fig 3a-c). This is long and slender, but its entire length is not 

known, though the fragments preserved indicate a length of over 80mm. At the smallest 

end preserved, the diameter is 6.5 mm., at the largest 9 mm. The rate of tapering ix 

about 1mm. in 25. The voungest fragment is slightly flattened ventrally and shows 

broad ill-defined undulations. It las a sub-central endosiphunele, and the organic lime- 

filling (stereoplasm) of the remainder is olecurely radiate. In the larger fragments, the 

shell is circular in section, and appears entirely smooth, and is half a millimeter in thick- 

ness. In‘certain positions, however, very faint oblique lines are visible, suggesting septation, 

Within it, is at least one well-defined thick-walled conical sheath, tapering at the rate of 

1mm. in 10, Around this the crystalline lime has a radiating structure. The interior of the 

cone, formed by the sheath, is also filled witlr crystalline calcite. cxcept at the larger end 

(3b), where an open semilunar cavity exists, due to removal of softer filling. At the upper 

end of the largest fragment this has a vertical diameter of 1.6 mm, and a }asal width of 

4.5mm. On the other side of the fragment, which is 20 mm. long, this semilunar tube, 

here still retaining its filling, has been reduced to about half these dimensions. The 

structure of the interior filling of calcium carbonate is also radiate. The prexence of three 

other sheaths is indicated by concentric tubular interruptions of the crystalline (generally 

radiate) lime-filling, but these were exceedingly thin walled, puxsibly membranous. * 

Except for the very faintly indicated oblique ridges these siphuncular fragments 

suggest the preseptate apical end of Proterocumeroccrus, and for such they were at. first 

taken. This is also suggested by the circular cross-section, but on the other hand, their 

size agrecs with that of the siphuncle of the species where still surrounded by the camerw 

(Plate TV fig 2). 

Horizox axp Lovanrry: Thus species oeeurs in the Lower Ordovician Peilintze 

limestone of Pei-lin-tze, Shih-Mun-Chai region near Chingwangtao eastern Chihli. It is 

associated with Chihlivceras, wlrchvoeyathus ete. Collected by F. F. Mathieu, in whose 

honor the specific name is given. 

* This supports Ruedemann’s contention that endosheaths are present in Cumerocerts (ineluding Prutervcamero- 

cerus), below the final thick-walled sheath of the adult living-chamber. At least one of these in the prescnl specimcn, is thick- 

walled and of well defined character. 
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Genus CAMEROCERAS Conrad (emend. Hyatt) 

Cameroceras styliforme Grabau (sp. nov.) 

Plate TV Figs. 4-6 

A small slender siphuncle of Cameroceras occurs in the upper or Liangchiashan 

beds but no portion of the shell remains in the specimens so far obtained. 

A specimen (Plate IV fig. 4) measuring 89 mm. in length, and of suboval 

section, measures 3.5 mm. in transverse, and 2.5 mm. in dorso-vental diameter at the 

lower end. The corresponding measurements at the upper end are 6.6 mm. and 4.8 mm, 

respectively. The vental side is distinctly flattened. The siphuncle was evidently 

enclosed ly camere. Their distance apart near the upper end, as shown by the 

annulations, was 2.2 mm. and the angle which these annulations form with the ventral 

line of the siphuncle is about 68 degrees. Wall of siphuncle of moderate thickness; 

interior filled with crystalline calcite, but showing in the center, at the smaller end of the 

siphunele, an empty endosiphocoleon of semi-lunar section, its flat base corresponding to 

the flat side of the siphunele. The width of this side is 1.5 mm. while its dorso-ventral 

diameter is 0.5 mm. (Plate TV fig. 4). There are three other lumens irregularly placed 

around the periphery, but equi-distant from the outer wall, indicating that they represent 

part of an endosiphosheath. * 

Another fragment (Plate IV, figs. 5a-c) representing a larger portion of the 

siphuncle, measures 7.3 and 5.9 mm. respectively in lateral and dorso-ventral diameters. 

The ventral side is not so much flattened, but is more broadly rounded than the dorsal. 

The siphuncle at this point was not absolutely in contact with the shell, for the septal 

edges form a distinct, broad, rounded saddle upon the ventral side. Septa 2.2 mm. apart. 

Siphuncular wall (silicified) rather thick, the interior filled with crystalline calcite, except 

for a central sheath of similar section as that of the wall of the siphuncle, and hke that, 

silicified. Its diameters, at the upper end are: lateral, 5 mm., dorso-ventral, 3 mm., the 

dimensions of the siphuncle at this end being 7.3 and 5.9 mm. respectively. At the other 

end, 8mm. distant, where the dimensions of the siphuncle are 6 and 5 mm. the inner 

tube measures 3 and 1.8 mm. respectively. Thus, while the lateral tapering of the 

siphuncle is 1.64 mm. in 1 mm. and the dorgo-ventral tapering 1.12 mm, in 1 mm., that 

of the inner tube is 2.5 and 1.5 in 1, respectively. 

A third specimen (Plate IV figs. 6a-c) represents a still larger portion of the 

siphuncle of apparently the same species. Its length is 13 mm., while the diameters at 

* See the foot-note on p. 38 
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the larger end are 10 and 9 mm., and the corresponding measurements at the smaller end 

8.2 and 8 mm. respectively. The corresponding measurements of the endosiphuncle are: 

—upper end, 5.7 mm. and 4.7 mm., lower end, 2.5 mm. and 2 mm., respectively. 

Although somewhat compressed, there is no flattening of the siphuncle and the septal 

ends, which still adhere to the silicifield siphuncle, form only a very gentle obliquity with 

its axis. This indicates that the siphuncle at this stage was no longer in contact with the 

wall of the shell, but had been surrounded by the camerze on all sides, including the 

ventral. This is further shown by the fact that the ends of the septa still remaining, are 

stronger on the ventral side (side of forward convergence) than elsewhere. The septa 

average about 2 mm. apart. 

In spite of the variations here shown, I am disposed to think that we are dealing 

with one species only, This is however quite distinct from the species found in the lower 

horizon (4. e. Proterocameroccras mathicu’). 

Horizon anp Locarrry: A number of fragments were obtained by Dr. F. F. 

Mathieu from the upper or Liangchiashan limestone of Liang-Chia-Shan, near Ching- 

wangtao, eastern Chihh, ‘The age is late Lower or perhaps early Middle Ordovician. 

Ceol Survey collection eat. nos, 105 to 107. 

Genus SUECOCERAS Holm 

Suecoceras yehliense Grabau (sp. nov.) 

Plat IV, Figs. 7a, b. 

Represented only by the apical portion of the endosiphuncle which shows the slight 

but distinct inflation characteristic of the genus. The most perfectly preserved specimen 

(Plate IV, fig. 7), has a length of about 40 mm. Its apex is pointed and its diameter 

increases rapidly at first, then more slowly, until at a point about 20 mm. from the apex, 

it has a diameter of 13.2 mm. Then it decreases slowly, its diameter at the upper end 

of the specimen being 12.5 mm. <A second specimen shows a maximum diameter of 11.3 

mm. at a point about 20 mm, above the apex and then decreases to 10.5 mm. at a 

distances of about 28 mm. from the apex. 

Neither specimen has the surface well preserved, but on the larger one the oblique 

septal lines are indicated in the apical portion. At first they are 1.5 mm. apart, this 

distance increasing to nearly 2 mm. shortly after, The obliquity of the septal lines, with 

reference to the «xis of the shell, is 55 degreos, 
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Horizon and Locaurry: In the lower Yehli limestone of Lower Ordovician age, 

at Yeh-li, northern rim of Kaiping coal basin. (Y. C. Sun coll.). 

Suecoceras attenuatum Grabau (sp. nov.) 

Plate IV, Figs. 8, 9. 

Like the preceding, this is known only from the siphuncle, which clearly shows 

it to be a more slender form, and one which never reaches the siphuncular diameter of 

the preceding species. 

The siphuncle (in fig. 8) gradually increases in diameter from the initial point, 

reaching its maximum of 9 mm. at a point distant about 20 mm. from the apex. After 

that it decreases again, until at the uppermost preserved end, it is 7.5 mm., this being 

about 40 mm. from the apex. In another specimen, the greatest diameter is 9.3 mm. at 

a point about 25 mm. from the apex, narrowing subsequently to 8.9 mm. 

In one specimen, apparently of this species, the diameter of the siphuncle is 9.8 

mm. at the upper end, this being the aperture of the endosiphocone or uppermost one of 

the conical fillings (endosiphosheaths) of the siphuncle (see Plate IV fig. 9). The 

position of the endosiphosheaths in the siphuncle seems to be oblique, their axis not 

coinciding with the median line of the siphuncle as a whole. 

Horizon AnD Locautty: In the lower beds of the Yehli limestone near Yeh-li 

northern border of the Kaiping coal field, Chihli. (Y. C. Sun coll. ). 

Genus WAGINOCERAS Hyatt 

Vaginoceras tsinanense Grabau (sp. nov.) 

Plate IV, Figs. 10a, b. 

Represented at present only by the siphuncle, which however has certain very 

definite characters from which some of the other characters of the shell ean be deduced. 

The form of the siphuncle is sub-cylindrical, increasing from 9.6 mm. at the 

lower preserved end, to 10.8 mm. at the upper, the distance being 40 mm. This gives a 

rate of tapering of 1 mm. ina length of 33 1/5 mm. 
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The siphuncle is filled solidly with the endosiphosheaths but these have been 

converted into crystalline lime. The upper portion of the specimen however shows 

the endosiphocone or funnel-like prolongation of the living-chamlber into the siphunele, 

hounded by the last endosiphosheath. This part of the specimen is partly filled with the 

lime matrix in which the shell is embedded. Endosiphuncle unknown. 

The sides of the siphuncle are distinctly marked by the necks of the septa, and 

these show that the later ones extend beyond the upper edge of the preceding one, thus 

showing that the shell belongs to the genus Taginoceras. The direction of the septal lines 

is strongly oblique, forming an angle of about 50° with the axis of the siphuncle and 

mecting on the ventral side in an angle of about 70°, This indicates that the siphuncle 

is subventran in position. The septa average about 3.5 mm. apart. 

The subeylindrical character of this siphuncle is its most marked feature, and this 

together with the obliquity of the septal nes, and their relative closeness, serve to 

differentiate this specics from others found in the Ordovician beds of China.* In the 

characters noted, our species is not unlike the early stages of Vayinoceras oppletwim 

Ruedemann, from the Chazy beds of the Lake Champlain region of the eastern United 

States, but there is no indication that the Chinese species ever reached the size of the 

adult American form. 

Horizon axp Locanrry: In the upper quarry beds of the Machiakou limestone, 

associated with Aetinocerus, Lophospira ete, Cement quarry Tangshan. Survey 

expedition coll. 

Family PILOCERATID& Byatt 

Genus PILOCERAS Salter 

Piloceras platyventrum Grabau (sp. nov.) 

Plate IV, Figs. 11 a-c, 123-c. Text figures 1 a-e. 

Siphuncle with broadly subconical apex with endosiphuncular sear or slightly 

protruding endosiphuncle; enlarging rapidly until at‘a point 15 mm. from the apex (in 

one specimen fig 11), it has reached a diameter of 24 mm., after which it enlarges more 

gradually at the rate of about 15 mm. in 10 of length, while later on it appears to he 
subeylindrical, The apical portion of the siphuncle (for about 35 mm. in the only 

specimen showing this part) appears smooth, this part ending in a faint broad but 

* Several species occur in the Ordovician rocks of south China. These will be described in a fulure number of 
this publication. 
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unmistakable constriction, after which the expanding shell of the siphuncle becomes 

annulated. This suggests that the apical portion of the siphuncle was not enclosed by 

camere. The annulations (shown well in specimen fig. 12) are oblique, forming on the 

side an angle of about 60° with the axis of the siphuncle. They become fainter on the 

ventral side, mecting in a broadly rounded forward curve or saddle. About five of these 

annulations occur in the space of 20 mm. 

In transverse section, the siphuncle appears slightly broader than high, the 

ventral surface being somewhat flattened. 

Interior of siphuncle with endosyphosheaths and crystalline lime-filling between 

them. ‘Two or possibly more of these older endosheaths are indicated. The endocone 

formed by the final (last-formed) sheath of the most mature individual seen (fig. 12c), is 

of subcircular section in the upper part, with the ventral surface slightly flattened. In the 

lower part, or at least in the earlier sheaths, this ventral surface becomes strongly flattened 

and the greater part of the endocone lies dorsad of the center (fig. llc). It is continued 

posteriory in the dorso-ventrally compressed endosiphuncle. The thickness of the last 

endosheath (the wall of the endocone) is about equal to that of the wall of the siphuncle. 

In the specimen shown in fig. 11, the dorso-ventral diameter is 31 mm., the 

corresponding diameter of the endocone is 11.5 mm., the space between it and the 

ventral surface being 11.5 mm., while that between its dorsal surface and the correspond- 

ing surface of the siphuncle is 8mm. This point is about 13 mm. from the apex of the 

endocone. 

A series of sections of another specimen shows the following relationship. (Text 

figs. la-e). 

Figs la-e. Suecesive cross-sections of the siphuncle of Piloceras platyventrum (For distances apart, and measure- 

ments see table p. 44); la, largest section preserved; le, last section before end of endocone. Natural size. 
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Distances 
Dorso-ventral between ; 

Section | Distances between diameters ventral Lateral diameters 
No. Sections surfaces 

of of of siphuncle of of 
Siphunele Endocone & endocone Siphuncle Endocone 

a } 27.5 mm. 15.3 mm. 8.5 mm. 32. mm. 21.5 mm. 
\ 15 mm. 

b / 26.8 ,, 10.5 ,, nar. 45 BOE <3 1OE2> oka 
( 2 mm. 

Cc ) 26.0 45 oy en 10. os 29.5 * 45 12.3, 
( 6 mm. : 

d / 26 ‘5 6. i 11. as P 28a ay Ss. i 
\ 2mm. 

e ; OO. Si 5.5 ,, TES 2 Se ot ts * 
\ € mm. 

f DDE si _ — 26. 5, _ 

In the specimen from which these sections are taken, the annulations of the 

shell of the siphuncle are finer, there being 5 in the space of 10 mm. This specimen is 

recorded as from the lower horizon, the Peilintze limestone, whereas the others occur in 

the upper or Liangchiashan limestone of the Shih-Mun-Chai district. The specimen in 

question may represent a distinct species. 

Horizons anp Locatrry: Two specimens of this species were obtained by Dr. F. 

F. Mathieu from the Liangchiashan limestone at Liang-Chia-Shan, Shih-Mun-Chai near 

Chingwangtao, eastern Chihli province. Another specimen with finer annulations and 

siphuncele less flattened ventrally, was obtained from the Chih/ioceras or Peilintze limestone 

of the same region (this may possibly be a case of mislabelling). The former horizon is 

the upper part of the Lower Ordovician. 

Family CHIHLIOCERATID4 Grabau (fam. nov.) 

Genus CHIHLIOCERAS Grabau (gen. nov.) 

Text Figures 2-16 
- 

sreviconic orthoceracones with large and stout siphuncle, which is surrounded by 

a definite wall or siphuncular shell; with rounded apical end, the center of which is 

marked by a mammillary clevation with a circular scar, representing the beginning of the 

endosiphuncle. Siphunele filled with endosheaths and organically deposited mineral 

matter as in Piloccras. Endosheaths flattened ventrally, at least in the adult. In the final 

one, this flat face is produced anteriorly in the form of a blade-like prolongation, which is 



Vol I, 

either flat or slightly arched inwards with depressed sides. 
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In its general form and 

character the final endosheath suggests the conotheca of the Belemnite which is 

prolonged forward into the delicate blade-like 

proostracum, or the similar blade of the 

dern cuttle-fish. 

slopes ventrad until it apparently joins the 

wall of the siphuncle on the ventral side. On 

the dorsal side, the blade may have been 

covered by the shell of the siphuncle, but of 

Indeed 

the sections negative it, although it is of 

course conceivable that the shell was broken 

O- 

This blade-like prolongation 

this there is no positive evidence. 

away before burial. 

The endocone is triple in character. 

In the genotype the main part has a sub- 

quadrangular to sub-crescentric cross-section, 

but appears to taper into a more or less flat- 

On 

the ventral side, where the wall of the endo- 

tened conical alveolus towards the apex. 

cone is prolonged into the blade, the inner 

surface is gently convex i. e. arched upward 

Fig. 4. Fig. 5. 

Fig. 4. Chihlioceras nathani. Dorsal view of a model of 

the final endosheath, which forms the compound endocone of 

the siphuncle of this species. Two thirds natural size. 

Fig. 5. Chihklioceras nathani, Side view of the model of 

the endocone shown in fig. 4. Two thirds natural size. 
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Fig. 2. Fig. 3. 

Fig. 2. Chihlioceras withaut. Dorsal view of a mo- 

del of the siphuncle of this species with the compound 

endocone in place. Two thirds natural size. 

Fig. 3. Chihlioceras nathan, Side view of the same. 

(The annulations of the surface are not represented. ) 

(dorsally) with the sides sharply depres- 

sed (see text fig. 7). The upper surface of 

this cavity is flat or nearly so, except for 

the median portion, which is prolonged 

dorsally into a broad notch or emargina- 

tion, on either side of which lie the 

dorso-lateral alveoli. The outer wall of 

these is rounded, but the inner wall con- 

sists of two limbs, approximately at right 

angles to each other, one, the dorso- 

ventral limb, separating it from the 

median prolongation of the main cavity, 

the other being horizontal and dividing 

the lateral and main alveolar cavities (see 

text figs. 4and 7). The position of this 
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final endosheath is nearer the dorsal than the ventral side of the siphuncle (text fig. 6) 

as is shown by the two parallel sections (text figs. S and 4), taken essentially parallel 

Fig. 6. Chihlioeeras nathani. Restored longitudinal section, constructed from actual measurements along 

section a-b and e-d, and the exposed worn surface of the ventral side (lower dotted line), and with the aid of other 

specimens. x - y line of section shown in fig. 7. Two thirds natural size. ev-final sheath, or endoconic lining; sh-shell- 

wall of siphunele (ectosiphuncle). s¢-stereoplasmic filling of siphuncle; s/-endosiphotube; rk-section of rock matrix. 
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Fig. 7. Chihlioceras nathan’, Transverse section along line x- y of fig. 6; 2/5 natural size. e - f. line of 

section of fig. 10; g-h. line of section of fig. 11; i-j. line of section of fig. 12; k -1. line of section of fig. 13; en-parts of 

endoconic lining or final sheath; /a-lateral alveolus; #-median alveolus; sh-shell of siphuncle (ectosiphuncle) ; st-stere- 

op'asmie filling. 

Fig. 8. Chihlivceras nathani. Somewhat restored section along line a- 6. fig. 6. (For actual appearance of 

“section see Plate II, fig. 11.)-2/3 natural size. The section is cut obliquely to the axis of the lateral alveoli (see text 

fig. 2), and cuts the lateral walls (w/) as well as the lower walls (wm) of the lateral alveoli; ens-older endosheaths buried 

in the filling of stereoplasm sf. (Other notations as in figs. 6 and 7.) 2/3 natural size. 

Fig. 9. Chihlioceras nathani. Corresponding restored section along the line c-d in fig. 6. This section is 

here reversed, so that the parts have the same orientation as in fig. 8. Notation as in fig. 8. 2/3 natural size (See Plate 

Il, fig. 12). 

to the ventral surface of the siphuncle, as indicated by the lines a-b and c-d in text fig. 6, 

which is drawn to seale, and is two thirds natural size. The sections (text figs. 8 and 

9) show that the walls of the alveolar cavities are infoldcd portions of the sheath, which, 

when considered separately i. e. as if freed from the enclosing organic lime - deposit, 

represents the aspect shown by the modcl, illustrated in text figs. 4 and 5. The walls, 
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which separate the lateral from the main alveolar cavities, are thus double, with the 

addition of the crystalline, organically deposited lime (stereoplasm) between the two 

layers. This is diagrammatically represented in text figures 7 and 10, which represent 

respectively transverse and longitudinal sections through these walls, (for location see 

text fig. 7), and can be recognized from an inspection of figs. 8 

and 9, which represent the actual oblique sections through both 

walls. 

That an endosiphuncle extends from the base of the main 

alveolus to the apex of the siphuncle is suggested by the occur- 

rence of the apical endosiphuncular scar seen on all the specimens, 

and is further suggested by the appearance of what seems to be a ‘ 
, . . A P Fig. 10. Chihlioceras 

part of this tube in the natural section shown in fig. 13, Pl. IV, i. natnani. Disgrammuticlongis 

tudinal section along line e-f. 

: in fig. 7, parallel to axis of 

sheath is mainly developed. lateral alveoli. (Notation as 

in fig. 7.). 

e. the specimen from sections of which the reconstruction of the 

A consideration of the structure of the final endosheath 

in the second species (C. chingwangtaoense (Plate II, figs. 13a, b.) shows very striking 

differences, but nevertheless a unity of plan. The main or median alveolar cavity has 

been much reduced, being subtriangular in outline, and only occupying the central 

third of the endosheath. The cavity too is short, though 

probably prolonged in the endosiphuncle. The dorso-lateral 

alveolar cavities are deep, and lenticular in section, the inner 

side being gently concave instead of rectangular. The parti- 

tions between the cavities are very thick, formed by the 

bent-over endosheath, with a thick filling of crystalline lime 

between. The crystalline filling (probably aragonite) has a 

radial structure where seen in section of the entire siphuncle. 

The outer wall of the dorso-lateral alveolar cavities was appar- 
. ‘ 2 £ my : 7 

eee eee ently formed |y the wall of the siphuncle. The sections (text 

Diagrammatic longitudinal section figs. 14, 15 and 16) show this structure. The length of the 
through the broadest part of the . : ; , é 
median alveolus, alongthe lineg-h. tWo lateral alveoli may be quite different on opposite sides as 

in fig. 7. (Notation as in fig. 7.) — shown in the specimen figured (Plate II, fig. 13a). 

In none of the specimens so far obtained has a camerate portion been preserved. 

All the specimens are annulated, the annulations being essentially of the type seen on the 

siphuncle of Piloceras. This suggests a camerate structure but does not prove it. The 

annuli appear to be slightly oblique, converging forward on the ventral side. This 

suggests, that if cameree were present they were mainly developed on the dorsal and lateral 
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surfaces of the siphuncle, as would naturally be the case in a structure which, as these 

evidently did, rested upon the ventral surface. No specimen is however known with a 

complete ventral surface, and the convergence is only shown by a slight obliquity upon 

the sides. 

Fig. 12.0 Chiklioceras —na- 

than’. Diagrammatic longitud- 

inal section in the median plane 

along the line ¢-/. in fig. 7. 

(Notation as in fig. 7.) 

As indicative of the position of the specimens, it may be 

noted that in one slab of rock, both sides of which were weath- 

ered, and in which four specimens of C. nathant were found, 

three, on the same side of the slab, exposed the dorsal side 

(Plate V.) (this was apparently the upper surface of the slab 

though sufficient care was not taken at the time of collecting to 

determine this) while the fourth, on the opposite side of the 

stratum (apparently the under side), exposed the weathered 

ventral surface (Plate IV fig. 18). This slab was cut apart, 

essentially parallel to the bedding plane, and the two cut 

surfaces show the sections of the dorsal portion of the lower 

specimen, these being shown in Plate II, figs. 11 and 12. The 

position of the longitudinal axis of the lower specimen was 

however approximately at right angles to that of the upper 

specimens. 

The remarkalle character of the siphuncle warrants the 

placing of this genus into a distinet family, that of the 

CHIHLIOcERATIDZ. The characters of this new family may be 

summarized as follows: 

Relatively short and stout holochoanitic othoceracones (and cyrtoceracones?) 

with large siphuncle, generally divided by. endosheaths, and filled with organically 
deposited calcium carbonate, Final endosheath prolonged into a ventral blade, and 
characterized by median and lateral endocones. Camere unknown, but if present, 

apparently as in Piloccrus. Ordovician. 

Plate I fig. 

Chihlioceras nathani Grabau (sp. nov.) 

10; Plate {T, figs. 11, 12; Plate IV, fig. 13; Plate V; Text figures 2-13, 

Siphunele beginning with a regular rounded end, characterized by a subcentral 

mammillon with a large central sear, which marks the beginning of the endosiphuncele. 

The expansion is rapid so that in the space of about 16 mm. from the apex (in the 
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central specimen shown in Plate V) it has reached a diameter of 30 mm. From this 
point the expansion is regular, until at about the point near the apex of the median 

endocone, about 40 mm. farther (or 56 mm. from the apex of the siphuncle) the lateral 

diameter is 40 mm. This gives a rate of tapering of 1 mm. in 4. The earlier portion is 
regularly rounded, while the part occupied by the endocone is 

somewhat flattened on the ventral side. The endocone occupies 

something more than one half the length of the shell, inclusive of 

the anterior blade. The apical portion in the center is rounded 

dorsally and flat or gently concave on the ventral side, its section 

thus being semi-circular or compressed suboval, with the ventral 

side curved to a greater radius. Proceeding forward, the concave 

central portion narrows and flattens, while the sides of the blade 

hecome strongly and sharply depressed, until near the anterior 

portion of the blade they form less than a right angle with the 

side. The aperture of the endocone, i. e. the edge formed by its 

meeting with the shell of the siphunele, is oblique to the axis of 

the siphuncle, the most projecting portion being the center of the 

blade (see the restoration, text figs. 2 and 3). Lateral alveoli of 

the endocone shorter than the main cavity. In the specimen Fig. 13. Chihlioceras 
nathan’. Diagrammatic longi- 

tudinal section half way 

the somewhat crushed right hand specimen of that group, they between median plane and 
; i ‘ : lateral margin, along line 

are recognizable (Plate I fig. 10), being displaced somewhat to 4.) in fig. 7, passing 

shown in the center of Plate V the alveoli are not seen, but in 

one side. The inner walls of these latcral alveoli form approxi- through lateral part of me- 
; ; : : dian, and one lateral alveo- 

mately a right angle, and consist of the reduplication of the Jus (Notation as in fig. 7.) 

endosheath with crystalline calcium carbonate filling between. 

The outer wall of the lateral alveoli is convex and between it and the wall of the 

siphuncle, there is a thick layer of crystalline lime (organic deposit) which decreases 

wedge-like towards the rim of the endocone. (Text figure 10). 

These lateral alveoli of the endocone hold a position above the base of the main 

endoconice cavity, so that there are distinct lateral chambers proceeding froin this main 

median chamber, and in position ventral to the lateral alveoli. This is clearly shown by 

the sections (Plate IT figs. 11 and 12) and is represented in the model of the endosheath 

illustrated in text fig. 4. The endosheath itself (i. e. the wall of the endocone) has a 

thickness of half a millimeter or less, but because of the filling of crystalline hme between 

the reduplicated portions, which form the lateral and median alveoli, the thickness of 

the compound wall separating these alveoli may be from 2.5 to 6 mm. (See the sections 

of these walls in figs. 11 and 12 Plate II). 
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The older portion of the siphuncle is filled solidly with crystalline calcium 

carbonate, this occupying the entire space between the wall of the endocone (final 

endosheath), and probably its endo-siphuncular prolongation, and the wall or shell of the 

siphuncle. here are however indications of one or more earlier endosheaths (See sections 

figs. 1l and 12 Plate II, and Plate V middle figure). The difference in the character of 

the outer zone of the solid portion of the siphuncle from that forming the inner portion, 

observalle both in the worn specimen (Plate V, middle figure) and in the sections (Plate 

II figs. 11 and 12) suggest that at first the siphunecle was filled with closely set 

endosheaths (which in the large specimen of the group on Plate V formed a thickness of 

about 7 mm.), and then crystalline calcium carbonate (aragonite?) was deposited by the 

animal, without further formation of definite endosheaths, until the final one was formed 

by the adult animal. The appearance of these older endosheaths suggests their similarity 

to those of Piloceras, or to a primitive form from which both Chihlioceras and Piloceras 

were derived.* 

The wall or shell of the siphuncle is thin but continuous. It is annulated, though 

indistinctly so, near the apical portion, while forward, the annulations become pronounced 

and regular. The annuli present a long gently convex forward slope and a shorter more 

abrupt, but still convex apical slope. There are 10 of these annuli in the space of 35 mm., 

giving them an average width of 3.6 mm. There is however a gradual increase in the 

width, the posterior ones leing less than 3 mm. wide. The depressions between the 

annuli are very shallow. While this is the character in the earlier portion of the 

siphunele, continuing for varying lengths in different specimens, it gradually changes in 

the later - formed portion, where the annuli become narrowly rounded, with broad gently 

concave interspaces. In the specimen shown in fig. 13 Pl. IV, this type of annulation 

begins about 30 mm. from the apex, and there are 10 annuli in the space of 38 mm., 

these also increasing slightly in width forward. 

The annuli are oblique, bending forward on the ventral side. The angle which 

they form with the axis of the siphuncle on the side of the siphuncle, was found in one 

case to be about 30 degrees, but less than that in another specimen. Their ventral aspect 

is unknown. 

Camere not known, none of the specimens showing any indications of them 

other than the annulations of the siphuncle. Though this annulation is suggestive of a 

camerate nature of the shell, it is not a positive indication, as camerate shells with 

* In the locality from which these specimens were obtained, they are restricted to the lower division, while 

Piloceras occurs in the higher division, with one doubtful representation in the lower, 
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obliquely annulated outer wall are found in higher Ordovician beds of this region. The 

general similarity of the annulations to those of the siphuncle of Piloceras may indicate, 

however, a similar camerated shell. 

Horizon anp Locarrry: This species has been found in the Peilintze limestone 

associated with Archxocyathus, Ophileta syuamosa etc., in the Shih-Mun-Chat region near 

Chingwangtao, Lingyiihsien district, Chihli province. Several specimens were collected 

by Dr. F. F. Mathieu of the Kailan Mining Administration. The horizon is Lower 

Ordovician. The specific name is given in honor of Mr. W. 8. Nathan, president of the 

Kailan Mining Administration, in appreciation of his keen interest in the development of 

Chinese geology, and his recognition of the important place which stratigraphic and 

paleontologic problems hold in the practical development of mining interests. 

Chihlioceras chingwangtaGense Grabau (sp. nov.) 

Plate II, Figs. 13a b. Text figures 14-16. 

Siphuncle longer and more cylindrical than in the preceding species, tapering at 

the rate of 1 mm. in 6; section subcireular. Interior filled with erystalline calcium 

carbonate, which has an indistinct radial structure. This occupies the space between the 

shell or wall of the siphuncle on the one hand, and the wall of the compound endocone 

(final endosheath) on the other. There are no indications of older sheaths, though these 

may occur in the apical portion which is unknown. Endosiphuncle apparently central, 

but the indications are faint. Wall of the endocone prolonged forward in a flat blade 

which slopes forward, forming an angle of 12 degrees with the dorsal surface of the 

siphuncle (See text fig. 14). If the rate of tapering is uniform, the length of the anterior 

blade would approximate 110 mm, 

The blade is flat, except for a slight median longitudinal depression, most: 

marked in the alveolar portion. The lateral margins of the blade form a sharp angle witb 

the sides of the siphuncle, and the wall or shell of the latter was evidently continued over 

at least the posterior part of the blade. Posteriorly the |lade ends in the median 

alveolus, the base of which occupies one third of the width of the siphuncle. Its height 

is slightly less than the basal width, and its form is subtriangular but with curved sides. 

Its position is approximately in the center of the siphuncle or slightly above it. Its depth 

has not been ascertained, as some of the matrix which filled it, has not been removed. 

The partition between it and the lateral alveoli is thick, being from 7 to 8mm, at the 
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rounded forward end, and increasing in thickness apicad. (Sec section, text figures 15 and 
16). It consists of the thin endoconiec walls (reduplications of the endosheath) and the 
filling of crystalline calcium carbonate between these. 

ae Yj a snes ied 

i Us . ae 

Fig. 14. Chihlioceras chingwangtaoense. Diagrammatic longitudinal section along the median dorso-yentral 
plane of a restored individual; 2-n.-section line of fig. 15; 0-p.-section line of fig. 16; sh.-shell (ectosiphuncular wall); sé. 
stereoplasmic filling; s/.-endosiphotube; e/.-cndoconic lining or terminal endosheath; du.-dorsal alveolus; ma.-median 
alveolus. 

The lateral alveoli are lenticular in section, only the inner, gently concave wall 
being formed by a part of the endosheath, while the outer is formed hy the wall of the 
siphuncle, and in the type specimen, as preserved, is broken away. In this specimen the 

size and form of the two lateral alveoli differ from each other, 
that on the right * being much larger. The line of junction 
between it and the siphuncular wall (shell) is a direct con- 
tinuation of the plane of the anterior endoconic blade, The 
sides of this alveolus converge regularly. The left lateral 
alveolus is more irregular. At first there is a strong conver- 
gence of the sides, after which they continue more nearly 

Fig. 15. Chihlioceras  ching- 
wanglaoense, Diagrammatic cross- 

fection along Tine m-u. in fg. 14; median cavity, the floor of which is formed hy the two lateral 
g-r.-median dorso-ventral plane ; 3 

(line of section of fig. 14);s-t.line Alveolar floors meeting in a low angle, to the left of the 

ot Section of Ay. 16; teslateral. olin Tine in dhe type specimen. (See fig. 13a Plate IL). alveoli; other notations as in fig. 

14, The length of this posterior confluent cavity can be estimated 

parallel. Pusteriorly the two alveoli join into a single broad 

from the slopes of the lateral alveoli, this leing indicated in the restored longitudinal 

section (text figure 1+). 

The inner shell or siphuncular wall, is about 0.3 mm. in thickness and strongly 

and regularly annulated upon the sides, these annulations forming an angle of approxi- 

mately 82° with the dorsal surface, or 70° with the plane of the anterior endoconie blade. 

* The shell is oriented with the apex to the observer, the aperture or anterior end pointing away, and 
the ventral side, (i.e. flattened side of endocone), downwards. The richt and left sides then correspond to the obseryer’s 
right and left hand. In the figures on Plate If the position ix reversed, so as to show the structure more clearly; therefore 
the references must also be reversed from those here given, 
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This indicates that on the ventral surface they formed a broad, low, forward arching 

curve or saddle, though the actual condition has not been observed. The annulations are 

broadly and regularly rounded and separated by concavities of equal form and width. 

There are six annulations in the space of 18 mm. giving an 

average width, between the centers of adjoining concavities, of 

3 mm. Camere unknown, but their existence is apparently 

indicated by the annulations of the siphuncle. 

Measurements: Diameter at aperture of alveoli 35 mm. ; 

at point of confluence of Jateral alveoli 28 mm. Width of 

median alveolus at base 13.5 mm.; height of same 10 

nim. 

Horizon anpd Locanrry: <A single specimen of this Fig. 10. Chaitin a 

species (Pl. I figs. 13 a-b) was obtained by Dr. F. F. Mathieu  mgtevense. Diagrammaticsect- 
. : ay sj a ion along line o-). in fig. 14 

from the weathered, iron-stained Peilintze limestone at Peilintze, and line s-¢. in fig. 15 (nota- 
; A . ; on . tions as in figs. 1 1). associated with the preceding species and with -lrehavocyathus "ons 2 In Ass. 14 aud 15) 

ete. The horizon is Lower Ordovician. 

PHYLOGENETIC SIGNIFICANCE OF THE SIPHUNCLE 

OF THE HOLOCHOANITES. 

It has long been known that in certain members of the suborder Holochoanites 

the early part of the siphunele, so-called, is entirely devoid of surrounding camer. The 

genus Proterocameroceras shows perhaps the most extensive pre-camerate development of 

this part of the shell. This has been fully described by Whiteaves and especially by 

Ruedemann, who in discussing the siphunele of Proterocameroceras brainerd? from the Fort 

Cassin or upper Beekmantown (Lower Ordovician) of Lake Champlain (U.S. A.) speaks 

of the apical portion as “‘ projecting beyond the chambered shell for a distant of about 75 

mm., gradually expanding from the blunt apical end, which here has a diameter of about 

3mm., to 11.5 mm. at the beginning of the phragmocone, where it contracts to 10 mm. 

and then gradually expands again’’.* 

* R. Ruedemann - Cephalopoda of the Beckmantown and Chazy formations of the Champlain Region. New 

York State Museum, Bulletin 09 p. 407, 1906. Sve also R. Ruedemann, Structure of some primitive Cephalopoda. 

Annual Report State Palaontologist N. Y, 1903, N. Y. State Museum Bull. £0 p. 296. I regret that I have not had 

available, until after this paper was in type, this most searching study of the structure of the primitive Cephalopcda hy 

this eminent palzeontologist, and that my reference could, therefore, not he as extensive as was desirable, 
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In Cameroceras on the other hand the nepioniec bulb or swollen end of the 

siphunele, is largely or wholly surrounded by camer, and this is also the case in 

Mndoceras, and generally in Vuginoceras except in such forms as l’aginoceras belemnatiforme 

Holm. These two genera differ from Cuncroceras and Proterocameroceras in the absence 

of the siphuncular wall or shell, (the endosipholining of authors). 

Another genus in which this preseptal cone or nepionic bulb exists before the 

camerate portion begins, is Nanno Clarke, also of Middle and early Upper Ordovician 

(Chazy and Black River) age. In this genus the siphuncle is strongly contracted at the 

beginning of the camcrate portion, after which it remains in contact with the outer shell 

of the camerate portion, on the ventral side. 

The presence of the siphonal wall or shell (endosipholining) in the more 

primitive genera is of marked significance. This wall is known to occur in Proteroca- 

meroceras, Camerocerus, Nanno, Pilacerus and Chihlioceras, and perhaps in others. Where 

the shell begins with a non-camerate apical portion, i. ¢. with only the siphunelc, this 

siphuncular wall is the outer shell of the cephalopod hard structure. In other words the 

young cephalopod began shell-building with the “‘siphunecle ’ which consisted of the 

siphuncular shell-wall and the filling within it. 

When we consider the length of this preseptal portion in Proterocameroceras (75 

mm. in P. brainerdi) it is evident, that the filling of the interior by endusheaths and 

solid lime matter (stereoplasm), must have heen carried on pari pass with the building 

of this shell, after the formation of a short initial hollow conical tube. For not only would 

such a long hollow tube be an clement of extreme weakness, and therefore not likely to 

be preserved, hut also, it is difficult to conceive that the cephalopod grew into such a long 

rod-like body, before it began the building of camer, and that this ody soon there- 

after began to shrink into the slender thread which occupied the endosiphuncle. But if 

the cndosheaths and solid calcareous matter were formed progressively as the tube grew 

in length, then it appears that these endusiphonal structures are more primitive shell- 

features than the camerw. In other words, for a considerable period of its carly history 

the cephalopod built only a slender shell, which it progressively filled with caleareous 

matter, marked at certain periods hy resting stages, when the conical endosheaths were 

built. If that is the case, the cndosheaths have the same significance, in these primitive 

shells, as the septa have in a shell of Orthoceras, and must le considered the homologues 

of these septa, whereupon the endosiphuncle hecomes the homologue of the siphunele of 

Orthoceras, and the shell of the ‘‘siphuncle’”’ of the young Proterocamerocerus the homo- 

logue of the shell of Orthoecrus. That the cudosheaths, or septa of the primitive Proterocu- 

meroceras are deeply conical, while those of Orthocerus are saucer-shaped, is only a detail 
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of structure, which cannot effect the general question of homology. Again the filling 

with solid lime in the primitive shell of Proterocameroceras (and of the socalled siphuncle 

of the majority of the Holochoanites), while the outer septal spaces of Orthocerus are 

generally empty, is another detail, not relevant to the general question of homology. 

Indeed there is sometimes the beginning of such an organic deposit about the siphuncle 

of Orthoceras, while in Stereoplasmoceras and in <Actinoceras this is the rule. In these 

genera too, a secondary septum terminates the deposit of organic lime, this supplementary 

septum or pseudoseptum being comparable to the sheaths of the ‘‘siphuncle’’ of the 

Holochoanites (see Plates VI - LX, and discussion on a subsequent page of this memoir). 

Moreover such deposits are also found in certain Endoceratidee such as Vaginoceras 

oppletwm * where both crystalline lime and ‘‘ pseudosepta’’ are formed. This, according 

to our interpretation, is a new feature, developed in the outer camer, and homwo- 

morphic with, rather than homologous to the filling of the camer of Stereoplausmocerus 

and <Actinoceras. It apparently represents a repetition of a structure which had its 

inception in the formation of the inner shell or ‘‘siphuncle ’’ of the Holochoanites, and 

may perhaps indicate phylogerontism in the group. 

We may here consider briefly the subject of lime deposition by the mollusks, and 

its bearing upon the problem before us. On the basis of some experiments, and the 

consideration of others by Murray and Irvine, Steinmann (1889) concluded that the 

precipitation of calcium carbonate by organisms was a purely chemical process, and was 

due to the formation of ammonia and carbon dioxide through the processes of decay 

which are constantly going on in the organism. These substances will precipitate calcium 

carbonate from the sea water where it is present in the form of calcium sulphate (Ca S04 ) 

and chloride (Ca Clz). Because of the relatively small amount of lime salts which the 

animal takes into its body, Steinmann assumed that a part of the lime was directly 

derived from the surrounding medium. Such precipitation could of course take place 

only on the edge of the shell if the mantle were free, and its shell-building surface in 

contact with the sea water. It has however been shown that this is not the case, at least 

not in those forms, chiefly fresh-water mollusks, which have so far been studied, for there 

the periostracum or outer horny covering, lends over the edge of the shell and joins the 

mantle-border by which it is indeed secreted. Thus lime deposition at the growing edge 

of the shell goes on entirely under cover of organic structures, and unless it can be shown 

that by some process of osmosis the sea water finds its way into the spaces between the 

mantle and the shell, direct precipitation of lime salts seems impossible. Physiologists 

* Ruedemann, loc. cit. 1906 p. 415, fig. 4. 
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generally appear to stand on the ground that all the lime of the mollusk shell is furnished 

by the animal, being derived from the food-supply (see especially Stempell 1900, and 

Biedermann 1901), but it must be recognized that their generalizations are based on the 

investigation of only a limited number of types. That marine mollusks derive all their 

lime from the food, seems highly questionable when we consider the vast amount of lime 

deposited by some of these organisms, especially sedentary types such as oysters, 

hippurites cte. The conclusion seems unavoidable, that in some way the animal 

appropriates lime from the sea water direct, or that in some manner the sea water gains 

access to the region where lime is deposited. If this is the case, we must allow that the 

calcium is precipitated as carbonate hy the C02 produced by the animal itself, together 

with some other product to satisfy the S04 ion. For the sca water does not contain a 

sufficient quantity of C03 ions ready to combine with the Ca ions and there is an excess 

of 80g ions which must be taken care of. Steinmann’s hypothesis of the formation of 

ammonium carbonate, through normal decay of tissues, satisfies these requirements. The 

Whole matter is a problem for the physiological chemist. and its solution must be 

left to him. 

One thing, however, seems certain, namely that in different organisms there is a 

vast difference in the abihty to deposit Ime. Moreover in sedentary formes, lime 

deposition is far more active than in free moving types. being least in planktonic types. 

One need reeall only the giant Tridvcna shells of the Great Barrier reef, or the Hippurites 

of the Cretaceous. Furthermore, other classcs of organisms, normally thin-shelled, have 

sedentary members in which the shell is enormvusly and grotesquely distorted by exces- 

sive lime deposition. Such is Wehthofenia among the brachiopods, an organism originally 

classed as a coral because of its remarkable form. Again, types such as the oyster, which 

are thin-shelled when very young (prodissoconch stage), become heavy-shelled hy 

abundant lime deposition after attachment, while the related Pecten, which leads a free- 

swimming existence, only builds a relatively thin shell. Any one who has seen the 

ponderous oyster shells of the Tertiary, sometimes several inches thick, must agree that 

lime deposition here has passed beyond the normal stage required for the protection of 

the individual. 

Of course it may be argued that the nature and abundance of limc-secreting cells, 

and their relative activity serves to determine the habitat of the organism. ‘That, in 

other words, types with a tendency towards excessive lime formation will assume a 

sedentary life, and so give rise to genera and species normally of sedentary habit. In 

this connection it is noteworthy that many mollusks will build excessively heavy shells in 

old age, and from this it might he argued that types which in normal adulthood deposit as 
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much lime, belong to phylogerontic series. Why senile individuals and senile races (if 

such they are) should have their lime-secreting mantle cells over-stimulated so that they 

deposit an excess of lime, is not quite clear. Nor is it easy to understand why they 

should absorb more lime salts from the sea or from the food (if that is the sole source of 

the lime salts, which is very doubtful) in old age than in their younger stages, especially 

as there is often no corresponding increase in size of the shell-building mantle. If on the 

other hand, deposition of lime is more or less a purely chemical process, as Steinmann 

holds, and that its rate and amount of formation depends upon the rate of production of 

reagents which precipitate the salts, cither from the normal secretion of the animal, or 

from sea water, which in some way (hy osmosis?) has gained access to the regions of 

deposition, then we can understand that with increasing old age, or increasing senescence 

of the race, increased decay of organic cells brings with it the increased production of 

ammonium carbonate, with the result that lime deposition also becomes augmented. 

The fact that lime is not deposited upon the periostracum, which both Stempell 

and Biedermann cite as ample refutation of Steinmann’s theory, can in reality not be 

regarded as such, for the completed priostracum, though of conchyolin, has essentially 

the character of an inorganic body, and does not produce the necessary reagents. 

IT am not advocating the direct precipitation theory of Steinmann, but it appears 

to me that the pure secretion theory, which refers lime deposition in molluscan shells 

solely to the epithelial cells of the mantle, or to special ime-secreting glands, meets with 

great difficulties when it is invoked for the explanation of excessive lime deposits, 

especially if all the lime salts are regarded as derived from the food of the animal and 

none from the sea water direct. 

If in a cephalopod shell, the processes which make for lime deposition are most 

active at the growing edge of the mantle, the shell is rapidly elongated, while, by the rest 

of the mantle surface, only a thin nacreous shell-layer is formed. If the growth at the 

mantle edge is so rapid that the length of the shell eventually exceeds the stretching 

power of the animal, a periodic forward movement of the whole animal in the shell takes 

place, whereupon the continued separation of lime over the now free basal portion of the 

mantle-enclosed body, results in the formation of a septum. If the lime-separating 

processes are uniform all over the mantle surface of a cephalopod, (as they are in oysters 

among pelecypods), the basal part of a tubular or conical shell, such as an orthoceracone, 

will be filled solidly by successive layers of lime. These may have the form of consecutive 

endosheaths, or of crystalline lime with definite layers marking resting stages at inter- 

vals, i. e. of successive distant endosheaths with crystalline lime-filling or stereoplasm 
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between. Thus viewed, the filling of the shell, whether with air-chamber-enclosing 

septa, with successive close-set endosheaths, or with solid lime, punctuated at intervals 

by endosheaths, is a matter of the relativity in the intensity of the lime-depositing 

ability, between the edge of the mantle and the entire surface. 

Viewed in this light, the structure of the Holochoanites appears to be the natural 

result of a sedentary life-habit, or perhaps the tendency towards rapid lime deposition al] 

over the mantle-surface, forced the animal to assume a benthonic mode of life, which 

eventually must have been sedentary to all intents and purposes. That the Holochoani- 

tes, or the majority of them, led such a life on the bottom of the sea, is abundantly 

attested by their structure (especially the ventral flattening), and by their general mode 

of occurrence in the rocks (vide position of Chihlioceras as discussed on p. 48). 

The building of camer in the Holochoanites must on this view be regarded as a 

newly acquired character, these structures being analogous to, but not homologous with, 

the camer of the Orthochoanites ( Orthoceras etc). They must represent an expansion and 

reflexion of the mantle-edge, resulting in the addition of a new shell outside of the shell 

proper (the so-called siphuncular shell or wall, or the endosipholining), and we thus have 

the original shell enclosed by a secondary one, analogous to, but of course not strictly 

homologous with, the so-called shell of the .lrgonauta, the guard of belemnites, and the 

“apical cap’’ of Orthoceras truncatum. These new shells would thus form sub-annular 

structures of triangular, and later, more or less rhombic sections, like an automobile tire 

or a life preserver compressed into a triangular or rhombic section; but in most cases not 

extending entirely around the original shell, because this rested upon the bottom. The 

first of these veritable life-preservers, which probably aided the animal in keeping its oral 

end from sinking into the mud of the sea-bottom, formed the new shell by its outer or 

exposed side, and its first ‘camera ’’, by its upper and inner side, which latter lay next 

to the original (inner) shell, and formed the so-called siphonal funnel of the camere. 

This interpretation meets with the difficulty of conceiving the modus operandi of 

the building of such an outer, closed air chamber around the shell. Especially would it 

seem hard to explain the manner of building of the inner wall of this chamber, i. e. the 

so-called siphonal funnel of the camere, that part next to the inner shell or endosipholin- 

ing. This difficulty may perhaps be obviated by assuming that the animal built at first a 

sub-annular or semi-lunar trough around the margin of the shell, by a compound reflexed 

portion of the mantle-edge as shown in the following sketches (Figs. 17 and 18). Such a 

structure is entirely analogues to the lateral alveoli of the final endosheath of Chihlioceras. 

(Plate II, figs. 13 a, }., also text-figs. 4, 5, 7, 10, 13 pp. 45-49). The second outer 

trough, built in this manner, would then cose the preceding one and convert it into an 
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air-chamber, first by effecting the elongation of the outer part, that which forras the new 

shell built by the mantle edge, and then, by the subsequent withdrawal, for a space, of 

the base of the reflexed part of the mantle, effecting the building of the basal layer of 

lime, which is the so-called septum of the camerate portion of the Holochoanites. 

Fig. 17. Hypothetical restoration of a primitive holochoanitic cephalopod, represented as resting with its 

ventral or hyponomic side upon the sea-floor, and with the shell sectioned. The stage here represented is at the 

beginning or the building of the camer, previous to which it consisted only of the precamerate portion of the 

‘‘siphunele’’. This is here represented in section with several conical endosheaths, the spaces between which are filled 

with solid stereoplasm, except the median tube or ‘‘ endosipho-tube’’, which ends in the embryonic bulb, this being 

however non-calcareous and not preserved. The animal rests upon the final endosheath of the stage which surrounds the 

endocone of this period. The hypothesis of camera-building by a reflexed fold of the mantle, analogous to the dorsal fold 

of the mantle in Navtilus, is here illustrated, the beginning of the first camera on the dorsal side being shown. 

ANIMAL: a, mantle; b, marginal reflexed fold of the same, which is assumed to be functional in camera building; c, 

shell-muscle; ¢, hood; e, sipho, occupying the ‘‘endosipho-tube’’; f, embryonic bulb, non calcareous (when calcifield it 

forms the protoconch); g, hyponome; h, tentacles or arms; /, eye (left side), SHELL: j, shell of early stage /. ¢. of 

preseptal part of ‘‘siphuncle”’, (ectosiphuncle of Ruedemann); j’, continuation of same into camerate state at the 

contraction of the ‘‘siphuncle’’, forming the ‘‘endosipholining’’ of authors; k, last-formed endosheath at this stage, 

enclosing the ‘‘endocone ” which is continued in the ‘‘ endosipho-tube ”’ ; /1 - 73, earlier sheaths (septa of primitive shell) ; 

ml -m4, ‘siphonal’’ chambers (cameree of primitive shell) filled solidly with stereoplasm; 1, new shell or shell of 

camerate portion; 0, shell-lining of first camera, deposited next to the continuation of the ‘old shell’’ (/. e. the 

continuation of shell of ‘‘siphuncle’’, the so-called endosipholining) and forming on the hypothesis here suggested the 

‘‘siphonal funnel’’ or ‘‘neck’’ of the first ‘“‘ septum ’’ which has not yet been built. 

Iam perfectly well aware that this interpretation mects with a grave objection 

because of the fact that in Endoceras, Vaginoceras etc., the septal portion of the camer 

is continued downwards in the siphonal neck, not upwards as such a mode of construction 

would require. But it must be remembered that in these forms, the septal necks take the 

place of the inner shell or the endosipholining, which is absent in these genera. 

Whitfield has recorded the observation, that the septal necks of Vaginoceras are continu- 

ous with the sheaths of the siphuncle though Ruedemann holds that this needs 

verification. If it is correct, then the septa merely mark the rapid outward expansion of 

the mantle above the edge of the endosheath (which is really the upper edge of the 

siphonal neck) there being no further need for a reflex of the mantle on the suppression 

of the inner shell. 

That such a reflexing of the mantle has occurred in some of these ancient 

cephalopods, is shown by the structure of Orthoceras truncatum Barrande, from the 

Ordovician and Silurian rocks of Bohemia and England. In this form the earlier camerze 
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are frequently dropped off or destroyed, whether by accident or design, remains 

undetermined. The truncated end of the shell is then covered over by a new deposit of 

caleareous material of distinctive form and design. This ‘‘ apical cap’’ or calotte conique, 

is evidently formed hy the animal, and for its formation a reflexed shell-secreting portion 

of the body is necessary. Barrande supposed that the animal possessed long palmate 

brachial appendages more or Jess analogous to those of -lrgonauta. These were capable of 

t ty 
ty 

Fig. 18. Diagram to illustrate the dorsal portion of the early camerate part of the shell of a holochoanitic 

nautiloid cephalopod. (See fig. 17). j, ‘Sold’? shell or shell of ‘‘siphunele’’. ;’, /’, continuation of same into camerate 

portion forming the endosipholining; l4, endosheath which at the stage represented by fig. 17 was the last one formed 

enclosing the endocone, (¢. fig. 17); 15, 16, /7, endosheaths since formed, /7 representing the last-formed one at this stage, 

and enclosing the endocone of this stage; m4 to m7, intersheath spaces filled with stereoplasm; 7, and o, as in fig 17; p, 4, 

inner shell-lining of camer, forming the septal necks or funnels; 71, r2, septa of camerate portion; (0. forms septal neck 

of rl; p, of r2; 4, of 23 which has not yet been formed) ; sl], s2, 38, first second and third camere the last still open in 

front, and forming with the endocone f, a part of the Mrng chamber. 

reaching the basal portion of the shell, and having the power of secreting lime, they 

repaired the broken apex, reproducing the characters of the shell. Hyatt, on the other 

hand, considered that this outer shell-secreting organ was homologous with the fold of the 

mantle in Nautilus ‘‘This’’ he says, ‘‘is an active shell-secreting organ, which was 

certainly present, and also functionally active, in the Ammonites and Nautiloids, and 

probably more important in these ancient forms than it is now in the modern Vawtilus. 

This is also more consistent with the structure of the Belemnoid, which, as is casily seen 

in the famous example of the preserved animal, had no such pair of enlarged arms and 

yet deposited exteriorly, a solid covering, the guard, which is in our opinion the 

homologue of the solid filling of the truncated end of Orthoceras.’’ * 

A similar organically deposited layer of lime covers the initial end of Vaginoceras 

belemnitiforme Holm, before the commencement of the outer camere. 

Tt has been frequently noted, that when the outer camer begin building, the 

diameter of the inner shell or ‘‘ siphuncle ’’ is more or less abruptly contracted. This is 

found in Cameroceras in Nanno and in J'aginoceras belemnitiforme. This can be accounted 

for by the abrupt elongation of the animal’s hody necessary at this stage, if the animal 

* Proevedings. Amer. Assoc, Ady. Sci, 1883 yol NX NIL, p. 323, 
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‘‘eollar ’’, forms a reflex fold of a part of its mantle, that which builds the initial outer 

which eventually becomes the first outer camera. 

Whether this suggestion regarding the mode of building of this outer series of 

cameree will be shown by future discoveries to be correct. or not, I believe that the very 

existence of the initial precamerate stage of the ‘ ‘siphuncle ’’ with its own shell-wall and 

with conical, septa-like sheaths, prolonged into an endo-siphuncle, indicates that it is a 

primitive shell-type which was complete in itself, and that the development of outer 

camer at a later stage adds a new feature to the shell as a whole. The continuance of 

the “‘siphuncular wall”’ or the shell of this primitive non-camerate organism, into the 

camerate portion in primitive forms, further emphasizes the independence of this inner 

structure. The homology of this inner shell with the shell of Orthoceras, and of the 

sheaths with the septa of Orthoceras, would therefore seem to admit of little doubt. 

Moreover, as we have learned to take ontogeny as an infallible guide to phylogeny, if 

rightly applied, we are forced to conclude that the most primitive Holochoanites were 

without the outer camerate portion, thus representing in their adult stages, the condition 

seen in the young of Proterocameroceras, Nanno and others of this type of structure. That 

the existence of such has not been absolutely determined, signifies little, for our know- 

ledge of the earliest cephalopod faunas is still very meager. As noted in the description of 

Chihlioceras, it is possible that that genns was non-camerate, the annulations being mere- 

ly surface ‘‘ ornamentations’’ such as are found in the shells of many later cephalopods. 

Certainly there is no indication whatever in these shells, of the presence of camera, such 

as in found in other annulated ‘‘siphuncles ’’ in our rocks, where portions of the “ septal 

necks ’’ still adhere to the shell of the ‘‘siphuncle’’, though there is no other trace of 

the camer. * Furthermore the remarkable form of Chihloceras, its oblique aperture, and 

the long anterior ventral blade, are hardly consistent with the idea of the former 

presence of camer. Possibly the same holds true of the rapidly expanding ‘‘siphuncles” 

of Piloceras platyventrum Grabau, of our rocks (Plate IV figs. 11 and 12), for although 

some specimens are annulated, these annulations show no trace of adhesion of ‘‘ septal 

necks’, while the apical portion shown in Plate IV fig. 11 is entirely without such 

annulations. It seems at least likely that this species too began with a non-camerate 

portion, and if cameree were added, this took place only in the later stages, when the 

‘‘siphuncle ’’ had become cylindrical. 

If we now enquire into the genetic re’: ionships between the Holochoanites and 

the Orthochoanites, it would seem to be evident, that they can only represent divergent 

branches from a common ancestral stock. I have elsewhere suggested * that this 

* Bull. Geol. Soc. America Vol. XXX, pp. 148, 149, 1919, 
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ancestral stock is represented by the sub-order, Protochoanites Grabau and Shimer, 

to which we have referred the only known Cambrian cephalopod Volborthella. This 

genus has been defined as a small orthoceracone with conical-shaped septa, pierced 

by a simple hole in the apex, though the presence of such a siphuncular hole lias 

leen questioned. Whether or not it occurs is of secondary importance as it appears 
oe that in some of the Holochoanites the ‘‘ endo-siphuncle ’’ is not present in the 

earliest part. But whether the known Cambrian protochoanite is the direct ancestor 

of both Orth ceras and the Holochoanites is of little moment. Certain it seems that shells 

so distinctive must represent divergent evolutional lines, one the orthochoanite branch 

becoming successful by the assumption of the chambered type of shell, the other, the 

holochoanite type disappearing with the close of the Ordovician, because its heavily 

weighted shell made active migration impossible in spite of the secondarily adopted 

device of outer camer. The extinction of the various genera of this group is in genera] 

coincident with great changes in physical geography, notably the extensive withdrawal 

of the seas at the end of the Paleo-Ordovician, and again at the end of Neo-Ordovician 

time, when practically the last members of the group perished. Nor is it an unwarranted 

assumption that the excessive development of the sedentary habit may have affected the 

reproductive powers of these animals in one way or another, so that extinction may be in 

part due to this cause. 

We would then interpret the phylogeny of the carly cephalopods in the following 

manner: 
(to ‘Tria, ) 

Flolochoanites Orthochoanites 

(Ordovician) (Ordovician ) 

Protochoaunites 

(Canibrian ). 
SMEG Te RRA FTN e ete FER SSW Oe Te 

The Cyrtochounites, represented in our rocks by Stercoplasnwecras, . Letiaceras, 

Cyrtuctinoceras, and Gonioceras, may have been derived from primitive Orthochoanites, or 

they may represent an independent Hne of evolution from the ancestral stock. The 

discovery of the genus Sfereoplusmoceras, with characters intermediate between Orthocerus 

and Aetinoceras, makes the former view the more likely one. 

We may here briefly refer to the remarkable carly Ordovician cephalopod 

Diphragmoceras Elyatt. This has the “siphuncle:’? divided by tabule alternating with 

the septa of the camerate outer shell. Both the camere and the chambers of the 

siphuncle are empty. This genus has sometimes been referred to as representing a 

transition from the Holochvanites (udoceran type) to the Orthochoanites (Orthoceran 
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type), but it is difticult to see how it can he so regarded, It represents really an 

Endoceran type in which the sheaths have assumed the form of tabule separated by 

interspaces, and as such rather supports the explanation of the relationship between the 

endosheaths of Holochoanites and the septa of Orthochoanites given above. Thus it is a 

case of parallel development to Orthoceras, or tue assumption, by the inner or true shell in 

a holochoanitic type, of the orthoceran character. Unless we assume that the outer shell is 

suppressed in the development of the Orthoceran type, we cannot regard this form as in 

any way showing ancestral characters. Moreover, if such were the origin of Orthoceras, 

the close genetic relation of the endosheaths of the one to the septa of the other type, 

would be demonstrated. 

Suborder Orthochoanites Hyatt 

Family CYCLOCERATID& Hyatt 

Genus CYCLOCERAS McCoy 

Cycloceras (?) peitoutzense Grabau (sp. nov.) 

Plate VI, figs. 1-4 

A number of fragments of an annulated orthoceracone have been obtained from 

the upper beds of the Actinoceras limestone a short distance west of Chaokouchuang. 

Although they belong to different individuals and show considerable variation in size, 

they are nevertheless regarded as representing a single species. As this is the only 

annulated orthoceracone known from north China, it will be described despite the 

imperfect character of the material. 

The smallest shell fragment (PL. VI, fig. 1) is about 30 mm. long, the diameter 

ranging from 5.8 mm. at the lower (partly concealed) end, to 7.2 mm. at the upper end. 

Eight annulations are shown in a distance which is 23 mm. from the center of the first to 

the center of the cighth annulation. The annulations appear to be straight, encircling 

the shell without deflection, rounded, but separated by broad, strongly concave interspa- 

ees which gradually increase in length with the growth of the shell. Very faint 

longitudinal lines are visible upon the early portion of this fragment, but the greater part 

seems destitute of them. Siphuncle somewhat excentric, its diameter at the upper end of 

the fragment being 1.25 mm. Sutures and septa not visible. 

A second fragment (Plate VI, fig. 2) shows 7 annulations the distance between 

the centers of the first and seventh being 26 mm. The diameter of the shell at the 

upper end is 12.2 mm. 
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This fragment too shows no longitudinal lines, but in some of the interspaces 

occur very faint indications of concentric lines. The specimen appears to represent the 

filling of the living chamber, as a longitudinal section shows a total absence of septa. 

A still larger specimen, which is a partly crushed and incompletely exposed shell, 

has a diameter of about 13.5 mm. and is characterized by abrupt annulations, the centers 

of which range from 4.5 to 4.8 mm. apart. The annulations themselves have a thickness 

of about 1 mm.; the summit is rounded, and the interspaces are very nearly flat in some 

parts, though they show a coneavity in others. No longitudinal sculpture is shown, but 

there is again a faint indication of fine concentric lines in the interspaces. 

Only a few septa are indicated, their position corresponding apparently to the 

annulations. Their concavity is about equal to half the distance between the annulations, - 

Siphunele slightly excentric, large, its diameter being about 2.5 mm. where the diameter 

of the shell is about 13.5 mm. 

Another specimen of this type (Plate VI, fig. 3) has the annulations slightly 

oblique, but sharply elevated, compressed and separated by deep flat interspaces. The 

distance between five annulations (including 4 interspaces) is 24 mm. the width of the 

annulations being a little over 1 mm. at the base but only about half that at the top. 

The diameter of this fragment is approximately 14 mm. and it appears to be shghtly 

curved. 

A still larger fragment apparently a part of the same individual as the preceding 

(Plate VI, fig. 3) shows annulations 8.5 mm. apart, their thickness being nearly 2 mm. 

at the base, and their height about the same. This specimen shows fine sharp concentric 

strie somewhat narrower than the interspaces between them, covering the entire shell, 

including the annulations (Plate VI, fig. 4). There are about five of these striz in 1 

mm. The diameter of this fragment was probably between 18 and 20 mm. Siphuncle 

unknown. 

The last three specimens described differ rather strongly from the fragments 

illustrated in figs. 1 and 2 of Plate VI especially in their narrow compressed and high 

annulations, and the very broad and nearly flat interspaces. It is quite possible that two 

species are represented, but the material is too incomplete to warrant such a separation, 

especially as the internal characters are not ascertainable. 

The generic position of this shell is in doubt. The entire absence of longitudinal 

sculpture except in the very young stages, would suggest that it belongs to the genus 

Protocyclocerus of Hyatt. The faintness of the longitudinal sculpture on the young, 

however, together with the pronounced character of the annulations, and further the 
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general weathered character of the surface, suggests the possibility that if more perfect 

material were obtained, the longitudinal sculpture would be found to persist into the later 

stages as discontinuous ridges in the interspaces. In that case the shell would be 

referable to the genus Cycloceras. One might also argue, from the fact, that these fossils 

are associated with Actinoceras, and other late Middle and early Upper Ordovician fossils, 

that they belong more likely to Cycloceras, rather than to Protocycloceras, which is most 

distinctive of the Lower Ordovician. Nor does the siphuncle help in the proper deter- 

mination of the generic position of the form, as it is at present known only in section or 

on the septal surface. ‘The presence, in the largest fragment, of fine sharp concentric striz, 

without indications of longitudinal strie, however, makes reference to Cycloceras doubtful. 

Indeed this feature rather suggests Dawsonoceras, but the concentric strie are regular, 

instead of being the frilled edges of the growth-lines as in that genus. Such a surface 

character has not been recognized in other Ordovician cephalopods, and it is possible 

that we are dealing here with a new genus. However, as the material is too incomplete, 

and as too little can be ascertained of the septa and the character of the siphuncle, it 

seems best for the present to place the specimens in the genus Cycloceras, especially as in 

species of that genus the longitudinal sculpture is not always preserved. 

Horizon anp Locatrries: In the upper beds of the Actinoceras or Machiakou 

limestone, in Limekiln Ravine, near Pei-tou-tze N.W. of Chaokouchuang, Kaiping 

basin, Chihli. (Coll. Geo. B. Barbour) also in the same formation in other outcrops 

near Chaokouchuang and Pei-tou-tze. (Collected by the Survey expedition). 

Suborder Cyrtochoanites Hyatt 

Family LOXOCERATID~ Hyatt 

Genus STEREOPLASMOCERAS Grabau (gen. nov.) 

Non-annulated, regularly expanding orthoceracones with nummuloidal siphuncle, 

the nummuli more or less irregular and extending from septum to septum, widest near 

the centers of the camere, but without secondary annular deposits, or if these are present, 

they are irregular. Septa generally compound, or complicated by pseudosepta which 

extend only partway across the phragmocone, and join the preceding or succeeding 

septum. The space thus enclosed by the pseudosepta is commonly filled with crystalline 

stereoplasm deposited by the animal, this heing present in varying amount, sometimes 

filling the whole or nearly the whole camera, especially in the older (earlier) parts of the 

phragmocone, 
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This genus is closely related to Luwoceras, McCoy, with which it agrees in the 

character of the siphuncle. Its distinctive character however is seen in the development 

of the compound septa, or septa and pseudosepta, with stereoplasmic deposit between. 

In these respects the genus is related to -letinoceras. Indeed this genus may he 

considered as intermediate between Lovoceras, and Actinoceras, partaking of some 

characters peculiar to the one and of others characteristic of the other. 

The exterior of the shell is unknown except that it is not annulated. So far_as 

can be ascertained, the surface is smooth. Expansion is regular, and although the living 

chamber is still unknown, there is no reason for assuming that it is other than in 

Orthoceras. 

Genotype. Stereoplusmoceras pseudoseptatiuin Grahau, Ordovician. 

It is highly probably that the specimen figured ly Crick as Orthoceras or .letino- 

ceras (Geol. Mag. New Ser. Dee. IV. Vol. X, Pl. NNIT fig. A) belongs to this genus, for 

as far as can he ascertained from the reproduction of the photograph it shows the pseudo- 

septa and stereoplasmie filling of S. psendoseptatien, 

Stereoplasmoceras pseudoseptatum Grabau (sp. nov.) 

Plate VI, figs. 5-7. Plate IX, fig. 11. 

Shell regularly tapering, apparently at a variable rate, though this may be due to 

the variation in direction in which the sections are cut. In a specimen from Lincheng, 
Shantung (cat. no, 80) the rate of tapering appears to he 1 in 6.5 while in a santioiten 
specimen from Ningyang Shantung (Plate VI, fig. 6 eat. no. 57) it is only Lin 1S. 
Still another section of an typical specimen from Tangshan (Plate VI, fig. 5, cat no. a8) 
shows a rate of tapering of 1: 9.75. These variations are probably due to the fact that 
the sections are cut somewhat obliquely and so do not give the true rate of tapering. The 
true rate lies probably between the two extremes - 7.e. about 1: 9. 

Section subcircular, apparently a little flattened on one side, Septal distance 
about +.6 mm. (varying in the different specimens from 4.5 (rarely 4) to 4.7, the shell 
diameter varying from 25-30 mm. but not in the same proportion). Towards the 

apertural end in the longer specimens, the interval increases to 5 mm. or to a little more, 
the maximum shell diameter observed being somewhat less than 40 mm. The depth of 
the septa is from 1 3 to 1 } camera. The septa are conspicuously compound, owing to 
the numerous pseudosepta. On the upper side of the septum, the pseudosepta extend about 
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one third the diameter of the shell towards the center. At first they are more or less 

parallel to the septum, then slope more or less abruptly to the septal surface near the 

center where they either join the septum, becoming confluent with it, or continue as an 

independent layer in contact with the septum at the center. At the shell margin these 

pseudosepta again join the main septum. The pseudosepta on the under side of the true 

septa are more irregular. As seen in section, some are annular, joining the main septum 

in the center as do the pseudosepta above. In other cases the pseudosepta diverge from 

the main septum some distance in from the shell-margin, and continue across the center 

to within a similar distance of the opposite shell-margin. These pseudosepta thus have a 

greater curvature than that of the true septa. When the pseudoseptum is confined to the 

marginal portion of the section, it is in close contact, for a space, with the pseudo- 

septum which joins the next preceding septum on the upper side. Again, the pseudo- 

septum on the under side may become irregular, as it approaches the center, being 

abruptly bent down, before it bends up again to join the under side of the septum above 

it. The space between the pseudosepta and the septum to which they belong both above 

and below this true septum, is filled solidly with stereoplasm in the form of crystalline 

calcium carbonate (probably aragonite, at least originally). Thus in general the septa 

appear thickened on both upper and lower marginal portions by nearly equal amounts of 

stereoplasm, while the center is free from such thickening, the camere being filled only 

by the lime-mud in which the shell was buried. In the older parts, where the lower 

pseudosepta seem to extend across the center (possibly due to the position of the section) 

nearly the whole of the camere appears filled with the stereoplasm. 

The siphuncle is excentric, situated about half-way between the center and the 

margin of the slightly flattened side, or a little nearer to the latter. Around it the 

camere are often free from stereoplasm for some considerable space. ‘The siphuncle 1s 

nummuloidal, expanding to 7 mm. in the center, where the septal distance is 4 mm. but 

it does not appear to be regular. At the septa it contracts to about 2.5 mm. There are 

either no stereoplasmic deposits, or, when present, they are irregular, and have the 

nature of a norrower tube within the more expanded outer nummulus. Characters of 

exterior of shell and of living chamber unknown, 

A section of a specimen of Stereoplasmoceras from the Machiakou limestone of 

Wén-nan, Shantung (Plate IX fig. 11), appears to belong to this species, representing 

the earlier portion of the conch. The shell tapers at the rate of lin 6. The siphunele, 

though appearing centran in the section, is only about 4 mm. from the ventral margin at 

the lower end of the specimen, and 5.5 mm. at the upper end. The diameter of the 

nummuli is 7 mm, where the shell section is 28 mm. wide, in the upper end of the 
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section, and 5 mm., where the section is 18 mm. wide. The septal interval ranges from 

about 3.8 mm. in the lower, to + mm. in the upper part. The concavity of the septa is 

equal to nearly 2 camera lengths. In the median portion of the specimen, the nummuli 

show a distinct narrow central tube, which extends from septum to septum. Around 

these septal necks, there is an irregular deposit of stereoplasm which partly fills the 

nummuli, the remainder being filled by crystalline calcite of secondary origin. The 

central tubes or septal necks, stop abruptly at a septum about one-third the length of the 

fragment from the bottom, this abrupt cessation suggesting that they are not present in 

the earlier nummuli, which contain only an irregular deposit of stereoplasm. The 

pseudosepta are of the type described for the larger specimens of this species. 

Horizon anp Locaritirs: So far as known, this species is confined to the 

Machiakou limestone where it is associated with Actinoceras. Characteristic specimens 

have been obtained from Lincheng in Shantung (F. F. Mathieu), from Ningyang, 

Shantung, and Tangshan and Lushan, Chibli, (Survey collection), from Wén-nan, 

Mon-Yin-Hsien Shantung (V. K. Ting coll.) and from Chaokouchuang, Chihli (Survey 

expedition of 1921). It is thus seen to be a widespread specics. 

Stereoplasmoceras machiakounense Grabau (sp. nov.) 

Plate VI, Figs. 8 

Shell subcylindrical, tapering very gently, section apparently circular, siphuncle 

subcentran. 

Septa moderately concave, the depth equal to about one camera. Septal distance 

varying from 4 mm. in the lower part of the fragment, to 6 mm. in the upper, the 

diameter of the shell }heing about 20 and 21 mm. respectively. Pseudosepta irregularly 

developed, occurring in one part of a chamber but absent in another. Some camere are 

without pseudosepta, and are solidly filled with stereoplasm. In other cases, the camera 

on one side of the section is without stereoplasm, while on the other side, where a 

pseudoseptum is present, it may be partly filled by this deposit. So far as can be 

ascertained the stereoplasm is confined to the upper surface of the septum. 

Siphuncle gently nummuloidal the nummuli swelling to a diameter of 5.3 mm. 

in the center, and contracting to 3 mm. at the septal ehds. There is no stereoplasm in 

the siphuncle which is filled only with the matrix. 
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Another specimen from Lincheng Shantung, referred to this species, has a septal 

distance of 7 mm. where the shell is 21 mm. in diameter. The rate of tapering of this 

Specimen, as indicated in the section, is 1 in 8.5. There is comparatively little stereo- 

plasm in the camere, and it appears to be confined to the upper surface of the septum 

and bounded above by a pseudoseptum. The siphuncle is not shown in this specimen. 

This species differs from S. pseudoseptatum in its proportionately more distant 

and somewhat shallower septa, in the narrowly nummuloidal siphuncle, the comparative- 

ly few pseudosepta and the frequent complete filling of the camere with stereoplasm. 

Horizon anp Locaurries: In the Machiakou limestone at Machiakou Chihli 

province, (H. C. T’an, cat. no. 15,) and in the same horizon at Lincheng, Shantung 

province (F. F. Mathieu, cat. no. 79). In both places the species is associated with 

Actinoceras richthofent, A tani ete. and is of early Upper Ordovician age. A specimen 

referred with some hesitation to this species, because of its narrower septal interval (4 

where the diameter is 14 mm., 4.5 where it is 18 mm.) came from Tse-yan, Ning-yang 

Hsien, Shantung. It has the same rate of tapering, and slight amount of stereoplasm 

found in the Lincheng specimen. (Survey collection cat. no. 82). 

Stereoplasmoceras actinoceriforme Grabau (sp. nov.) 

Plate IX, figs. 9a-b, 10a, b. 

Shell rather strongly tapering, the rate varying from about 1 in 6, to 1 in 7, with 

the cross-section either subcircular to suboval, and the siphuncle nearly centran, or 

circular with the siphuncle slightly excentric. The dimensions of the lower end of a 

well-preserved section (Plate IX, fig. 9b) are: transvese diameter, 17 mm., distance from 

center of siphuncle to ventral (?) side, 7 mm.. 

Siphunele strongly nummuloidal, giving the shell an Actinvceras-like appearance, 

but without the regular siphonal fillings characteristic of that genus. In one specimen 

(Plate IX, fig. 10a) the siphuncle appears to have been wholly empty, becoming filled 

with the fine matrix of calcilutyte, in which the shell was embedded. This, in the lower 

two nummuli preserved, has separated out, showing the inside of the wall of the 

nummulus which is quite regular and fairly smooth. In a second, larger, specimen 

(Plate IX, fig. 9a, b) the nummuli are filled with coarsely crystallized calcite, the 

outlines of which are distinct from the walls of the nummuli. 
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Diameter of nummuli varying from 5 to 5.5 mm. and their length, which is also 

the septal interval, from 2.7 mm., where the diameter of the shell is from 16 to 18 mm. 

(Plate IX, fig. 10a), to 3 mm. or a little over, where the diameter is 20 mm. (Plate IX, 

fig. 9a). Depth of septa a little more than one camera length. Pseudosepta and stereo- 

plasmic deposits in the camere very irregular. 

This species differs from the others of this genus in its suboval section, nearly 

centran siphuncle, and short septal interval, as well as in its irregular pseudosepta and 

stereoplasmic deposits. From S. machiakounense it differs, moreover, in the strongly 

nummuloidal siphuncle, the nummuli of which are much broader than long, whereas it is 

the reverse in S. machiakownense. From S. pseudoseptutum it differs in its smaller size, in 

the subcentran position of the siphuncle, and in the irregularity of the pseudosepta and 

stereoplasm; also in the regularity of the siphonal nummuli, and their complete freedom 

from deposits of stereoplasm. ‘The species might easily be mistaken for an .lefinoceras, 

but the absence of annular deposits shows that it belongs to the Loroceratide. 

Horizon anp Locaritres: In the Machiakou limestone of early Upper Ordovician 

(Black River) age at Kushan, Chihli, and at Wén-nan Mon-Yin-Hsien Shantung (V. 

K. Ting coll. ). 

Family ACTINOCERATID& Seemann, 

Genus ACTINOCERAS Bronn 

The type of this genus is -[eclinoceras bigsbyi Bronn, a widely distributed 

American species, which occurs in the late Middle and early Upper Ordovician (Stones 

River, Black River and Trenton). It ranges from Tennessee northward to arctic America 

(Iglook Island, Fox Channel), westward to Iowa and Lake Winnipeg, and eastward to 

New York. ‘The shell expands rapidly at first forming an irregularly conical apical end 

which is characterized by a large foramen, surrounded by a distinetly swollen ring. 

This feature has been figured by Foord for uf. bigshyi from arctic America and Canada, 

and it is equally well shown in a speciinen of .t. fant in the survey collection (Plate 

VI, figs. 7a, b). The apical cone of -lefinocerus, in the specimens figured by Foord, 

and in our form, is somewhat asymmetrical. In the American form the apical foramen or 

scar is moreover situated obliquely, while in the Chinese form it is normal to the axis. 

This foramen apparently marks the point of decortication of the embryonie chamber or 

protoconch. 
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After the initial rapid expansion, the rate of increase of the tube is diminished, 

being in some cases more nearly that of an ordinary Orthoceras, but more rapid in others 

so as to produce a very stout structure. In some cases as in A. richthofeni the rate of 

expansion diminishes again after a while so as to produce a more cylindrical final portion. 

In rare cases the form is slightly curved. The cross-section varies from circular to oval. 

The Siphinele. This is generally large and inflated in the camere so as to 

produce a pronounced nummuloidal character or a succession of nwmmiuli. * In size the 

siphuncle varies from less than one fourth to more than half the diameter of the conch. 

In the rapidly expanding apical end of the shell the siphuncle quickly reaches a large size 

and thereafter expands very little if at all, although the diameter of the shell may 

increase. Thus in the older part of A. richthofeni the siphuncle may occupy more than 

half the diameter of the shell, while in the expanded portion it does not occupy much 

more than one third that diameter. In position the siphuncle is centran or excentric 

even submarginal, though it is not always possible in sections to determine with certainty 

that the centran appearing position is not due to the manner in which the section 

is made. 

The walls of the siphuncle are thickened by secondary deposits of carbonate of 

lime. Frech (Richthofen Vol. V. Plate 2 fig. 1) has illustrated a section of A. crassiven- 

trum Wahl. which shows the manner of thickening of the siphuncular wall. According to 

this, the portions opposite the ends of the septa and those in the inflated portions in the 

cameree are thickened independently, the former in advance of the latter. As a result of 

this addition of new material, the central cavity is reduced to a narrow central tube or 

endosiphuncle, from which lateral annular diverticula extend into the inflated portion of 

the siphuncle. Frequently the thickening has progressed so far that the whole or nearly 

the whole of the inflated portions (i. e. the diverticula) become filled solidly, leaving 

only a central more or less cylindrical tube, the endosiphuncle. This is the case in the 

majority of specimens of A. tant and .1. richthofent though the specimen figured by Frech 

(Richthofen V. Plate 2 fig. 8a, ) still shows the presence of these lateral diverticula. 

In some forms, as in A. richthofeni, the deposition of stereoplasm in the siphuncle 

is more pronounced in the anterior portion, this resulting in the formation of oblique 

diverticula from the central tube. This is fully described and illustrated under A. 

richthofeni (See text fig. 19, p. 79, and Plate IX, fig. 4.) 

A specimen of 1. richthofent in the collection of the Survey, shows the interior of 

the siphuncle in a fair state of preservation and unfilled by foreign material, the former 

* See the foot - note on page 76 
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filling having heen removed hy weathering. From this specimen it appears, that the 

thickening is not uniform all around the periphery of the siphuncle but rather in the 

form of bead-like enlargements. (Plate VII, fig. 3). This seems to be analogous to the 

structure of the siphuncle of A. bigshy? figured by Foord (Cat. Foss. Cephalopoda Brit. 

Mus. Plate I. pp. 164-165 figs. 20-22) where a series of tubuli run from the endosiphuncle 

to the outer rim of the intra-cameral expansions, 7. e. the nummuli. These tubuli have 

also been observed in specimens of A. tani from the Chinese rocks, and probably repre- 

sent a feature usual in this genus. 

According to Foord, the central tube or endosiphuncle is provided with a distinct 

wall of which the tubuli are diverticulations. Their number has been estimated by Bronn 

as 16 in A. bigshyi, Int the number of foramina figured in this species by Foord is very 

much greater. Those so far observed in Chinese specimens are few, probably not more 

than 16. 

The significance of these tubes and foramina is not clear. Owen (Paleontology, 

1860 p. 85) suggested that they may have served for the passage of blood-vessels to the 

living membrane of tiie septal chamber, which would imply that these chambers were not 

merely empty spaces, cut off as in Nautiloids generally. The thickenings of the wall of 
ce the siphuncle were regarded by Hyatt ‘‘as strictly homologous with the successive 

sheaths of the endoseptum of Piloceras and Endoceras’’. I would however interpret the 

endocones of the Holochoanites as the crowded septa of an inner shell, comparable to an 

orthoceracone, which would make them entirely distinct from the thickening of the 

siphunele of -lctinoecrus. 

Suggestions have repeatedly been made regarding the significance of these 

siphuncular thickenings. Frech suggests that the thickening represents an attempt to 

render mechanically weak cylindrical structures more resistant against wave and current 

attack, the siphunele thus being transformed into a supporting structure, or into a species 

of back-bone. That the solidified siphuncle became such a supporting structure, and that 

because of it the genus dActimocerus was a long-lived one, extending from the Ordovician 

to the Carboniferous, may be conceded, though it is by no means certain that letinoceras 

as now understood is monophyletic. In other words it is not improbable that the 

-letinoceras type of siphuncle was independently developed in more than one phyletic 

series, representing thus parallelism in development, rather than genetic relationship. 

The origin of the structure however must be sought in the purely mechanical processes of 

lime separation as the result of the decay of the cells of the older part of the siphunele, 

the gradual contraction of which was a concomitant phenomenon of the functional 

detereoration of that part of the animal’s anatomy. I would regard this excessive lime 
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separation rather as evidence of senescence, and consider the Actinoceran type a phylo- 

gerontic phase of orthoceraconic development. 

The apertural end of the siphuncle. A specimen of A. richthofeni from Huo-Luh, 

Chihli province, presented to the Survey collection by Miss Clarke, shows a section of 

the apertural end of the siphuncle (Plate VII, fig. 2). This has a maximum diameter 

of 12 mm. and shows a conical depression about 25 mm. in depth and 8 mm. across at 

the upper end. The sides of the apertural cone are formed by the obstruction rings or 

rosettes of stereoplasm deposited about the septal necks, this deposit being slight in 

the upper part and increasing in thickness downward. This gives the inner surface of the 

cone an undulating appearance, contracting at the septal necks, and expanding between the 

septa, in conformity with the expansion of the siphuncle. The continuation of the cone 

in the endosiphuncle is not shown in the section, but undoubtedly existed. The 

funnel-shaped apertural end of the endosiphuncle resembles that of the Silurian genus 

Discosorus Hall, but there is no lining membrane or sheath as in that genus. It 

merely represents the still unfilled portion of the siphuncle and shows that the filling by 

‘‘ obstruction rings ’’ progressed regularly from behind forward. There are indications in 

the specimen thal the camerze of the shell continued beyond the upper end of this cone 

thus suggesting that the upper end of the siphuncle consisted of a series of hollow 

nummuli. If this was the case, the upper portion corresponds in character to the genus 

Stereoplasmoceras and as it represents a more primitive stage in development through 

which the shell passed as a whole (the filling being subsequent to the formation of the 

nummuli) the suggestion lies near that .1ctinoceras is a derivative from Stereoplasmoceras, 

which in turn is derived from Lovoceras, and that from Orthoceras. 

The septal thickening. In practically all of the specimens of Actinoceras from 

the Machiakou limestone, a striking thickening of the septa by stereoplasm or 

organic deposits of carbonate of lime has taken place, so that the camere are more or less 

completely filled by this calcareous deposit. Complete filling is rare, but has been 

observed in some cases, while in others the thickening has proceeded only far enough to 

fill about one half of the camer&. The thickening is most generally produced by 

addition of lime to the upper surface of the septum, but in other cases it appears to be 

added to the under side as well. It is however possible that this appearance is deceptive, 

and due to the irregularity of the septum, which bends forward before reaching the 

inter-nummuloid contractions of the siphuncle (see A. coulingi, Plate VIII, fig. 1 cat. no. 

4). The deposit is very often thickest near the siphuncle, close to which it frequently 

thins away abruptly, leaving a subtriangular area next to the outer margin of the 
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nummulus, which area was vacant space and has been filled in by the lime mud after 

burial of the shell. (Plate VII, fig. 6). 

The material which forms the thickening of the septa is crystalline carbonate of 

lime, similar in all respects to that which fills the nummuli of the siphuncle. It is readily 

distinguished from the mud-filling of the open spaces, which is a uniform dark calcilutyte. 

The thickening of the septa is not uniform. In a specimen of A. coulingi (Plate 

VIII, fig. 1) it is comparatively slight in the young or apical part of the shell, becomes 

most marked jn the middle portion, and is comparatively slight in the apertural or 

last-built portion of the shell. This feature is also shown in a specimen of A. tani (Plate 

VII, fig. 6). In this specimen the upper surface of the organic deposit is smooth 

though somewhat undulating, having the appearance of a definite secondary septum. In 

this species, the thickening increases slightly near the siphuncle, and then thins away 

very rapidly, generally with a concavity of surface. 

That this lime-deposit is of organic origin, i. e. deposited by the animal which 

occupied the shell, is beyond question, for only by such an origin can the uniformity of 

the deposit be explained. That it was formed on successive floors of the living-chamber, 

i. e. that each deposit was formed before the next covering septum was built, seems to me 

also evident, for there is absolutely no indication that the cameree were in subsequent 

communication with the animal, the small tubuli of the siphuncle notwithstanding. I 

would interpret the filling of the camerv as a process strictly analogous to the filling of 

the ‘‘siphuncle’’ by similar crystalline lime in the Holochvoanites, the ‘supplementary 

septum ’’ or ‘‘pseudo-septum ’’ which commonly terminates it, being comparable to the 

endosheaths (as are also the true septa). Thus after the formation of each septum, 

deposition of lime continued upon it for a time, after which, during a resting stage, a 

pseudoseptum in close contact with the crystalline lime was formed. This was followed 

by a forward movement of the animal in the shell, and the formation of a new septum, 

which thus was distant for a certain space (generally less than half the height of the 

camera) from the pseudoseptum and crystalline deposit. After that the deposition of 

crystalline lime recommenced upon the surface of the new septum. 

Distribution. Aetimoceras appears abruptly in the Ordovician rocks of North 

America and north China. A doubtful species (A? mendaw Salter) has been described 

from the Durness limestone of Sutherlandshire (north Scotland), where it oceurs in the 

higher beds (Balnakiel and Croisaphuil groups), a horizon representing essentially the 
Beekmantown or perhaps early Chazy of castern North America. * The species has also 

heen reported from Skye, and doubtfully from Newfoundland and the Mingan Islands. 

* See Grabau, A.W., Bull. Geol. Soc. Amer. Vol. 27, pp. 568-570, 1916, 
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Most of the American Ordovician species occur in the Black River or early 

Trenton formations, though some range down into the Stones River (late Chazyan), and 

others up into the Galena limestone (late Trenton) or even into the Cincinnatian. ‘Their 

geographical distribution ranges from the south central United States to the Arctic 

regions. No species is known from the Ordovician of Europe with the exception of the 

Scottish form noted, but the formation in which this occurs, is an extension of the North 

American, not of the typical European Ordovician. * In the Silurian on the other hand, 

this species is not uncommon in western Europe as well as in North America, and it 

again occurs, though less abundantly, in the Lower Carboniferous (Mississippian or Di- 

nantian) of these countries, though this may possibly be a distinct development of 

Actinoceran characters in another genetic series. 

In China the genus appears to be practically confined to the northern provinces, 

though Yabe describes and figures two fragments of undetermined species from Hsing- 

shou Hsien, northwest of Ichang, Hupeh province. As the Ordovician of south China 

is much better known than that of north China, and as these are the only fragment so 

far obtained from the neighbourhood, though still to the north, of the Yangtze, it would 

appear that the genus is unrepresented in the south of China. 

Actinoceras richthofeni Frech 

Plate VII, figs. 1-3, Plate IX, figs. 4-8. 

1911 Acttnoceras richthofent Frech, in Richthofen, China, Vol. V., p. 8, Plate II, fig. 4a (4b?). 

This species was figured but scarcely described by Frech, who merely states that 

the siphuncle is subcentral in position and occupies about one-third of the diameter of 

the shell. His illustration shows rather strongly concave septa about 3.4 mm. apart, 

while the siphuncle has a fairly regular diameter of 14 mm. in the large end, which is 36 

mm. in diameter, and 12 mm. in the smaller end, which is 20 mm. in diameter. The 

distance between the two measured points is 46 mm., giving a rate of tapering of nearly 

1 mm. in 3, though this is only approximate, as it is not certain that the section is 

parallel to the axis of the shell. 

Shell oval in section, the two diameters being as 1 to 1.4 in the younger, and as 1 

to 1.5 in the more mature portion; tapering at the rate of 1 in 38, or 1 in 3.5 laterally, but 

* Grabau loc. cit. The genus occurs on Bear Island and King William Land, in the arctic region. 
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only at the rate of 1 in 6 or 7 dorso-ventrally. Shell-surface apparently with longitudinal 

flexuous strie; sutures somewhat flexuous, slightly arching forward on one of the sides. 
ie 

Average distance between camere 3.75 mm., less in the younger stages. Depth of 

camerie, in center, equal to about 3 camera-lengths or slightly more. Siphuncle nummu- 

loidal, large, centran, and oval in section, corresponding to the section of the shell. It 

increases less rapidly in diameter than does the shell, its lateral diameter being 14 mm. 

where that of the shell is 4{ mm., (Plate IX, fig. 7); and 10 mm. where that of the shell 

is 830 mm. while its dorso-ventral diameter is 11.5 mm. where that of the shell is 23 

mm., and 9 mm. in the younger stage, where that of the shell is only 24 mm. (Plate IX, 

fig. 5). It is thus more nearly circular in section in the younger stages. Siphuncle as a 

rule only partially filled by rosettes of stereoplasm, leaving a large central tube, from 

which lateral, more or less forward-bending diverticula extend into the nummuli.* 

Camere only partially (seldom entirely) filled with secondary stereoplasm. 

The most complete specimen obtained is a fragment of the lower part of a large 

conch preserving 12 canieree complete and portions of 3 others. This specimen is shown 

on Plate IX, figs. 7a-7e, and clearly shows the oval section which in the upper part is 41 

mm. in lateral, and 27 mm. in dorso-ventral diameter. Three views of the specimen were 

drawn (‘a-7¢), after which it was sectioned, the two sections being shown in figs. 7d-7e. 

The form of the siphuncle corresponds to that of the shell, and its two diameters at the 

upper end of the fragment are each about one third that of the corresponding diameter of 

the shell. The nummiuli are only partially filled with rosettes of stereoplasm, leaving a 

large median tube from 2 to 2.5 mm. in diameter. At the lower end of the specimen the 

diameter of the lower nummulus is 11.5 mm., the form being practically circular. At the 

upper end, the nummulus, next to the highest complete nummulus, has a diameter of 

15.38 mm. while the highest completely preserved one, has a diameter of only 14 mm. 

Here the dorso-ventral diameter is also 11.5 mm. This shows that while there is in 

general an increase in diameter laterally, there is also some variation. From the median 

tube, a lateral tube traverses the center of each nummulus, in some cases extending 

outward approximately at a right angle, in others bending slightly forward. Again it may 
bend forward and then outward as scen in the second nummulus from the top (fig. Te). 

In a few cases the opening of this tube in a pore on the periphery of the nummulus is 

well shown in the sections. 

The septa are thickened hy secondary stereoplasm, which appears to occur both 

on the upper and under side of the septum, though this feature is somewhat obscured hy 

* The term wiminilius (pl. nvnnul’) is here used for the indivi 5 i 
: : i s vidual beads of the nommuloidal si ale whether these are filled with secondary deposits or empty. These nummuli may be compared to the ee ip cel 

like elements chw (8R) of the Chinese calculating frame or Suc cn (EERE). nr 
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the development of crystalline calcium carbonate of inorganic origin in portions of the 

camer, especially on one side of the siphuncle. Pseudosepta generally define the 

stereoplasm. Some camere were however empty, having been filled by the matrix only 

(a fine brownish calcilutyte) which also fills the median tube. 

Only traces of the shell are preserved which appears to have been rather thin, 

and marked by more or less flexuous longitudinal strie. 

In a fragment of a smaller (younger) individual from the same locality (Plate 

IX, fig. 8) the sides are more sharply acute (slightly accentuated by pressure in the 

specimen), while the siphuncular nummuli are proportionately larger and have a nearly 

circular transverse section. The dorso-ventral diameter of the interior of the shell (the 

septate stone-mold) at the largest end preserved, is 24 mm., and its transverse diameter 

about 34 mm. while the corresponding diameters of the siphuncle are 9 and 10 mm. 

respectively. The depth of a single camera in this specimen is 12 mm. where its short 

diameter is 22 mm. The septal interval at this stage is slightly smaller than usual, 

being on the average 3.33 mm. 

Because of the oval transverse section of the shell, the specimens practically 

always lie upon one of their broader sides, and hence the weathered sections always 

expose the transverse diameter of the shell, and the tapering seen is that of the lateral 

margins, and hence the greater of the two. A dorso-ventral section, if obtained, would 

show a very different rate of tapering, and a much narrower shell. The great depth of 

the cameree would however appear in such a section as well. 

A larger specimen of this species from Tangshan (Plate VII, fig. 1), is 111 mm, 

long but incomplete at both ends. At the widest part preserved, it is 46 mm. in width, 

while at the lower end it is 24 mm. wide, the distance between these points being 66 

mm. This gives a rate of tapering of 1 mm. in 38, essentially the same as that of Frech’s 

figured specimen. The diameter of the siphuncular nummuli in this wider part is about 

16 mm., or about one third the width of the shell. In the lower part it is about 13.5 

mm., and therefore more than half the width of the shell. 

The septa are about 3.8 mm. apart in the upper, and 3.6 mm. in the lower part. 

In a specimen on the same slab with the one just described, the interior of the siphuncle 

is well preserved (Plate VII, fig. 3). This shows that the secondary deposits at the 

inner ends of the septa are not continuous all around the siphuncle, but form a series of 

rounded thickenings, there being about six of these to the circumference, judging from 

the number shown in the specimen, which is one longitudinal half of the shell. This 

accounts for variation in thickness of these inner deposits, as observed in different 
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sections; sections through the centers of two opposite heads would show the greatest 

amount of thickening, while sections through the depression between the beads would 

show the least, others falling between these. 

In the majority of specimens the septa show secondary thickening, either on 

one or on both sides. ‘This is however seldom if ever as extensive as in d. tani. In 

some cases, indeed, it is scarcely developed, or is strongly developed on one side only, 

as in the type figured by Frech (loc. cit. Plate 2 fig. fa). The bowl-shaped depression 

which is formed around the siphuncle hy the abrupt oblique truncation of the deposit 

near the siphunele; in such species as 1. tant and some others, is seldom developed. 

I have not seen it in perfection in any specimen of this species, though it occurs in 

individual septa. Not infrequently the deposit widens towards the siphuncle, and comes 

in close contact with it. One or two pseudosepta are commonly present in each camera 

characterized by such deposit. One may divide the deposit into two parts, and the other 

terminate it, after which there is an interval represented hy an empty space (filled, 

except in weathered specimens, by the rock matrix *) and then a new septum follows. 

In some cases the stereoplasm is included between the septum and a pseudosep- 

tum next in front (see fig. 6 Plate IN). Again there may be a slight deposit of 

stereoplasm both on the upper and under sides of the septum, but this is generally 

irregular, especially on the under side, as if the septum had heen broken. Thickening 

by stereoplasm on both sides of the septa is indicated in Frech’s figure of the type, but I 

have not seen any specimen in which the thickening is as regular as is shown on the 

right side of his figure. A fragment which I refer to this species (Plate IN, fig. 5) 

has the camere nearly filled with stercoplasm, the septa appearing out of position, ending 

apparently against the nummuli. This would give the appearance of Frech’s figure, if we 

assume that the septa are pseudosepta, and that true septa occur in the midst of the 

stereoplasm deposit. Of this there is however no indication. In fact, the septa are 

strongly bent backwards, so as to rest for a space against the upper or frontal surface of 

the next preceding nummulus. Ifa deposit of stereoplasm exists on the under side of the 

septum it could hardly be explained otherwise, than by assuming its formation to have 

taken place after the formation of the septum, in which case there must have remained 

some organic connection between the camera and the animal. 

* It is a noteworthy fact, that the originally empty portions of the camer: are almost always filled with the 
rock matrix (generally in our specimens a calcilutyte) in which the shell as a whule is embedded. It does not seem likely 
that the lime-mud, fine though it was, could filter through the ‘‘endosiphuncle’’ and the radiating tubules into these 
camerne (no mud-filled tubules have been observed), and we therefore must conclude that it entered through fractures in 
the outer shell, form no doubt by crushing after burial. In some cases the shell is seen to have been worn away hefore 
final burial, and in such specimens of course all empty spaces were filled by the lime-nind, and in some cases even other 
foreign substances, such as fragments of other fussils, are enclosed. , 
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The inner tube of the siphuncle (endosiphuncle of authors) varies in diameter 

with the progress of siphuncular filling. Ina specimen (Plate IX, fig. 4) in which the 

siphuncle has a width of 15 mm., it is only 1 mm. wide. In another (Plate VII, fig. 3), 

where the diameter of the siphuncle is about 11 mm., the open central tube has a 
diameter of about 5mm. In the latter specimen, broad open diverticula diverge laterally, 

terminating in the centers of the nummuli, apparently in fine tubuli. In the former 

example, where the central tube has been narrowed to a diameter of 1 mm., the 

diverticula are reduced to tubes which curve obliquely downwards and outwards. Thus 

the tube which terminates in a pore in the center of a nummulus, reaches the endo- 

siphuncle at a point almost in the median horizontal plane of the nummulus next 

forward. This peculiar structure is seen in a weathered section from Lincheng, province 

of Shantung, and appears also, but in a less marked 

degree, in the type specimen from Manchuria figured 

by Frech. It indicates that the deposition of materi- 

al, was most pronounced on, and finally practically 

confined to, the anterior part of the floor of each num- 

mulus as illustrated in text fig. 19. The deposits on 

the bottom of a single nummulus may be lkened to 

a series of closely approximated superposed septa, the 

first slightly but normally concave, with a well-mar- 

ked siphonal funnel, and thickened at the funnel- 

edge; each succeeding septum becoming more 

thickened at the funnel-edge, and having its funnel 

In 

consequence of the thickening of the septum at the 

end invaginated into that of the preceding one. 

funnel-edge, the central portion would rise more and 

more, the septum curving upwards from the rim to 
Fig. 19. Diagrammatic section of the part 

of a shell of stedinoccras richthofen’ represented 
on plate IX, fig. 4. drawn to scale. The 
siphunele is here shown in the process of filling 
by stereoplasm. In the upper part it is shown 
empty, successive layers of stereoplasm are 
added, in such a way that the diverticula from 
the central tube curve from the periphery of 
the nummuli forward or orad, as shown in the 
lower part of the figure, and in the drawing of 
the specimen (plate IX, fig. 4). Twice na- 
tural size. (c, camer; dv, diverticula of endo- 
siphotube; en, endosiphotube; s, septa; sh, 
shell; st, stereoplasmice filling of nummuli). 

the funnel-edge, until the center of the septum, still 

pierced by the funnel-holes, is higher than the rim. 

This would mean a progressive collapse of the 

siphonal expansions, until they represented only a 

thin double membrane. Some slight additions of 

lime have meanwhile been made to the inside of the 

upper (forward) surface of the inside of the nummu- 

lus, by the upper surface of the siphonal expansion. Thus, what appears as a lateral tube 

in section, may in reality be the section of the space occupied by this collapsed siphonal 
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expansion, which ig more or less continuous across the siphuncle, and into which the 

several pores of the siphonal wall open. ‘his is well shown in the specimen illustrated 

in fig. 4 Plate IX, where the end of the siphuncle has been severed off along one of 

these planes of weakness. 

Aperturally the endosiphuncle terminates in a conical expansion, as described on 

page 73. It may continue beyond this in a series of hollow nummuli. 

The mural pores of the siphuncle, if they are present in this species, are not well 

preserved. In a specimen in which they might be expected to appear prominently 

there appears to be no positive indication of them. This may be merely due to the 

manner of preservation, or the pores may in reality he absent, or may have been com- 

pletely filled during the progress of shell growth. 

So far as can le determined from the fragmentary material, the exterior of the 

shell is without ornamentation except fine flexuous longitudinal lines. 

Comparisons. Frech compares this species with a fragment figured by Barrande * 

under the name Orthoceras (Aetinoceras) richardsoni from Little Manitoulin or Cockburn 

Island Lake Huron, Canada, and ealls attention to the fact, that Barrande’s specimen 

can not he regarded as belonging to al. richardsout Stokes. This would suggest that the 

Chinese species, or a closely allied ut unnamed specics, also occurs in the early Upper 

Ordovician (Trenton) of North America. I know of no other described species with 

which our Chinese form can be compared. 

Horizon ano Locanrtres: In the Machiakou (Upper Tsinan) or <Actinoceras 

limestone, widely distributed in north China. The type comes from Hsiau-sorr, Feng- 

tien, (Manchuria), and was collected by von Richthofen in 1869. Yabe cites the species 

as common at Kwa-sen-do, Ko-to-gun, Hei-an-nan-d6, in Korea.** In Chihli province 

it has been obtained from Tangshan, Machiakou, and Chaokouchuang, all in the Kaiping 

basin, and from Huo-Luh Hsicn in the southwestern part of the province (hy Miss Clarke). 

In Shantung province it has been found near Lin-cheng hy Dr. F. F. Mathieu and at 

Seng Chuang, Ningyang district and Wen Nan, Monyin-Hsien, by Dr. Ting. 

Actinoceras tani Grabau (sp. nov.) 

Plate VII, figs. 4-7. 

Shell slender, tapering at a rate varying from 1 in 5 to 1 in 7 according to the 

direction of the section measured. Cross-section faintly oval. Siphunele excentric, on 

* Syst. Sil. de Ja Bohéme, Vol. IT Text IIT. 1874, p. 787, pl. 254, figa, 2, 3. 
** Pal, Southern China 1920, p. 54, footnote, : 
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the shorter axis of the section, and distant from the nearest shell-margin a variable 

amount, this ranging from about half, to a little more than its full diameter. From the 

opposite shell-margin it is separated between two to three times this amount. In a 

specimen from Tangshan (Plate VII, fig. 5, cat. no. 26) the diameter of the siphuncle is 

5 mm. where the shell is 22.3 mm. in diameter, while in another specimen from 

Shantung, the siphuncle has a diameter of 4.5, the shell diameter being 17.5 mm. (cat. 

no. 66). In the specimen illustrated in figure 6 Plate VII, (cat. no. 1), where the 

siphuncle is apparently centran, because of the position of the section, it retains a very 

uniform diameter of 6 mm. while that of the shell ranges, at the point of the section, 

from 16 to 20 mm. As this is a shell with excentric siphuncle,* the section does of 

course not represent the maximum diameter nor the true rate of tapering. 

In a specimen from Chihli (Plate VII, figs. 4a, bb, cat. no. 69) which shows the 

greatest rate of expansion observed (1 in 5), the siphuncle appears centran in longitudinal 

section, but the transverse section shows it to be about one half its diameter from the 

margin. The siphuncle is 8 mm. in diameter where the shell in the same section is 24 

mm. The endosiphuncle (endosiphotube) is about 1.5 mm. in diameter or a little more, 

and appears as a regular cylindrical tube. The septa average 2.6 mm. apart. They are 

sometimes double, and the camer are largely filled with stereoplasm. 

The nummuli, or expansions of the siphuncle in the camer, are generally 

regular and symmetrical, though now and then one is shorter, or of smaller diameter. 

When well exposed, the peripheral mural pores may be seen, ranged around the ambitus 

of the nummulus. In a specimen from Tangshan (Plate VII, fig. 7c), they are small, 

and each is situated at the summit of a low pustule, the pustules being separated by a 

space equal to about twice their diameter. I estimate their number on a single nummu- 

lus to be about 24. 

The septa are strongly thickened by the addition, on the upper side, of stere- 

oplasm, which has a crystalline structure and is terminated by a smooth - surfaced 

supplementary septum or pseudoseptum in each camera. The thickening proceeds to 

within a short distance of the siphuncle, when it dies away abruptly, the pseudoseptum 

sloping steeply and generally concavely to the septum, which latter joins the siphuncle in 

the constriction between the nummuli. Thus a sort of saucer-like depression is formed 

around each nummulus, which appears to lie in it like the pudding in a dish, 

The thickening, by stereoplasm, is not uniform int successive camere, nor within 

the same camera. As will be seen from the natural section of the specimen illustrated in 

® This can not be positively seen in the specimen in question, but as it has all the other characters of this 

species, which from other specimens is known to have an excentric siphuncle, the above inference may be safely made. 
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figure G on Plate VII, the same camera may show a thickening on one side to the 

extent of half the height of the camera, while on the opposite side the thickening may 

fill nearly the whole of the camera. Ina veneral way, there is a decrease in the amount 

of the deposit from the older septa forward to the younger. 

The apical end of this species is shown in a specimen from Tangshan (Plate VII, 

figs. Ta,b). This begins with a somewhat asymmetrical subconical initial chamber, about 

9mm. in depth. At its apex is the large siphuncular foramen, surrounded by a swollen 

annulus, the whole producing an apical mammelon, about 7 mm. in basal diameter. The 

central scar or siphuncular opening is about 3.5 mm. in diameter. At its upper end the 

initial chamber has a lateral diameter of 16.6 mm. and a dorso-ventran of 16mm. The 

mammielon lies to one side of the lateral, ut, on the dorso-ventral axis. Above the 

initial chamber the ventral (?) side (side nearest to which the siphuncle lies) becomes 

faintly concave longitudinally as if the shell were taking on a cyrtoceraconic form. This 

continues for about five chambers after which it disappears and the surface slope is 

normally orthoceraconic. Almost from the first the septa average 3 mm. apart at the 

suture, their concavity being equal to about the depth of one camera. This carly portion 

of the shell has a somewhat greater angle of divergence than is characteristic of later 

stages, being about 1 in 4. 

Surface features of shell unknown. 

This form is readly distinguished by its slender character, gentle rate of tapering, 

septal distance, character of stereoplasm and excentric siphuncle. ‘The latter is not 

however always secn in its true relation in longitudinal section, for if this is normal to 
the dorso-ventral axis the siphuncle appears centran as in fe, oP lae: LT, 

Horizon AND Locatiry: -1. fant is probably as common as, if not more so than 

Al. richthofeni, and occurs in practically the same localities, in the Maehiakou limestone. 

Specimens have heen obtained from Tangshan (F. Kk. Morris, G. B. Barbour), Machia- 

kou (H. C. T’an), and Chaokouchuang (Survey expedition) Chibli; from Lincheng, 
from Chan-chin-Hsien, and elsewhere in Shantung (F. F. Mathieu, J. G. Andersson and 

V. K. Ting) and from Chilio, south of Shih-T’ou Chiang, Chihli (G. B. Barbour). 
The specific name is given in honor of Mr. H. C. T’an of the Chinese Geological 

Survey. 

Actinoceras coulingi Grabau (sp. nov.) 

Plate VIII, figs. 1, 2. 

1903 Actinoceras (Ormoceras) aff. tenuifilum Hall. Crick, Geological Magazine N. Ser, Dec. 

IV, Vol. X, p. 481, pl. XXII fig. C. 
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1920 Actinoceras (Ormoceras) sp. indet. Yabe, Paleontology of Southern China, pl. XIX 
fig. 9. (not pl. XVIII fig. 12). 

Shell large, tapering at the rate of about 1 in 5 to 1 in 5.5. Siphuncle centran or 
nearly so, increasing very slowly in diameter, the nummuli strongly flattened above and 
below so as to be in contact with the septum for nearly one fourth their width on all 
sides. At a point where the shell is 24.2 mm. in diameter, the siphuncle is 8.5 mm. 
(Plate VIII, fig. 2, cat. no. 27). In another specimen (Plate VIII, fig. 1, cat. no. 4) 
the diameter of the siphuncle is 9.5 mm. where that of the shell is 25 mm; and 11 mm. 
where that of the shell is 31 mm. the rate of tapering being about 1 in 20 to 1 in 22. 

Septa regularly concave, their depth at the center being equal to 1 4 or 1 2 camere, and 

their distance apart about 3 mm. or somewhat more, where the shell is about 30 mm. in 

diameter. Camere mostly filled with stereoplasm which often has the appearance as if it 

were deposited on both sides of the septum (See Plate VIII, figs. 2, cat. no. 27). Ihave, 

however not been able to satisfy myself that this is actually the case. Instead*it would 

appear that the septa are more or less undulating, partly so away from the siphuncle, but 

more usually near it, where there is sometimes a marked annular depression of the 

septum, so that it cemes to he almost opposite the ambital portion of the nummulus. In 

other cameras again this depression is not seen, and sometimes in section one side 

appears regular while the other shifts backwards. Commonly the stereoplasm fills the 

camera almost or quite to the siphuncle and completely to the next succeeding septum. 

In other cases however, where the septa maintain their normal position, the stereoplasm 

stops before reaching the siphuncle, leaving a saucer-shaped depression around the 

nummulus as in 4. tant. 

The specimens on which this description is based, agree in all essentials with the 

photograph of a specimen collected by Samuel Couling M. A. near Ching Chow Fu, 

Kiao-chow, province of Shantung, and figured by G. C. Crick (loc. cit.) on his Plate 

XXII, fig. C. His specimen may have been larger than ours, for the scale is not 

indicated, but the proportions are essentially the same, the siphuncle being 15.8 mm. 

where the shell is 47 mm. and the septa 3.3 mm. apart. Crick compares his specimen 

with A. tenwifilwum Hall of the Black River beds of North America. In that species, 

however, the siphuncle is proportionately broader (the proportions being about as 1 to 1.9, 

whereas in the Chinese species, they are as 1 to 2.8). The septal interval is also greater, 

being in the American species 7 to 7.5 mm. where the shell is 27 mm. wide, the propor- 

tions of depth of camera to diameter being approximately as 1 to 6.5 instead of ranging 

between 1 to 8 and 1 to 10, as in the Chinese species, In A. tenwifilum the septa are also 
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frequently displaced apicad and made to appear double ly the development of pseudo- 

septa. * 

Crick describes a specimen from the Couling collection, apparently of this 

species, which has a length of 95 mm., anda maximum width of 50 mm. tapering very 

slowly, and with a siphuncle at that point about 24 mm. in diameter. He describes the 

camere as 11 mm. high, but that seems out of all proportion to the shell, (being as 1 to 

4.5 as compared with 1 to 8 or 1 to 10 in the typical forms) and would argue a rapid 

elongation of the chambers with the growth in length of the shell. 

Horizon anp Locaurry: This species has been obtained from the Machiakou 

(Actinoceras) limestone of Hsi-Hsien, province of Honan, (L. C. Taun), from Machia- 

kou, Luan Hsien, Chihli province (H. C. T’an), and from Lincheng, Shantung province 

(F. F. Mathieu). The specimen collected ly Samuel Couling, came from Ching Chow 

Fu, Kiaochow, Shantung. Yahe (loc. cit. Plate NIX, fig. 9) figures a specimen of 

-letinoceras fron. No-lu-ping Hu-ch’i, Hsing-shan-Hsien, province of Hupeh, which may 

belong to this species, though the specimen is in a very imperfect condition. The other 

specimen figured by Yabe (Plate XVIII, fig. 12) from Pan-tse-ya, same district and 

province does not belong here, the septal interval being proportionately much greater 

than is normal for this species, while the siphuncle is submarginal. 

The specific name is given in honor of Samuel Couling, A. M. Editor of the 

China Review, Shanghai, who first brought to the notice of scientific men the occurrence 

of the genus Actinoceras in the Ordovician rocks of China, and to whom the Survey is 

indebted for courtesies in connection with these studies, 

Actinoceras suanpanoides Grabau (sp. nov.) 

Plate VITI, figs. Sa, h, 4a, b; Plate IX, figs. la, b. 

Shell slender, tapering at the rate of about 1 in 5.5; section apparently oval, with 
a slight flattening on the ventral side. Siphuncle excentric nearest the flattened side, 

from which it is separated by a distance equal to about half its diameter. In the early 
stages the siphuncle occupies more than half the diameter of the shell (3 in some cases?) 
but later the proportional diameter is not much over one-third that of the shell. The 
nummuli are somewhat flatter on the forward as compared with the posterior end and the 

* See the figure of the American species reproduced in Grabau and Shimer; North American Index Fossils 
Vol. II p. 116; fig. 1351. 
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endosiphuncle seems to be obliterated by filling. Camere fairly uniform, their length 

averaging perhaps 3.5 mm. where the shell has a diameter of 15 mm.; nor do they 

materially increase with the increase in the shell diameter to 20 mm. Their concavity is 

nearly equal to the depth of two chambers. Stereoplasmic filling of the camere is 

pronounced in the earlier part of the shell, but becomes less so in the later cameree. For 

the most part it is added to the anterior portions of the septa, but in some cases it 

appears also to be added to their posterior surfaces, but this is very irregular and may be 

a secondary deposit. The septa are sometimes undulating, in some cases bending back 

nearly to the center of the nummulus of the preceeding camera. In some cases the 

stereoplasm ends near the siphuncle in a saucer-like surface as in A. tani, while in other 

cases it extends nearly or quite to the nummulus. In stil] other cases it is more weakly 

developed in one part than in another of the same camera (see the section Plate 

VIII, fig. 3). 

Outer surface of shell unknown. 

This species has the general form and character of A. tant, but the camer are 

about half again as long as in specimens of that species of the same diameter, and the 

concavity of the septa is much greater. The stereoplasmic filling is also more irregular in 

the present species than in A. tant. 

A fragment of a shell 8 cm. in length, and apparently of this species was obtained 

from Wén-Nan, Mon-Yin-Hsien, Shantung. This is figured on Plate IX (figs. 1 a-b). 

The rate of tapering is not ascertainable with accuracy because the shell is slightly 

crushed on one side, but appears to have been about 1 in 7. At the lower end of the 

fragment, where the diameter is about 19 mm, the siphuncle has a diameter of about 8.5 

mm. whereas that of the sections figured is about 7 mm. 

The distance from the ventral margin is 3.5 mm. that from the dorsal 7 mm. 

Where the diameter of the shell is 24 mm., the distance of the siphuncle from the ventral 

margin is still 3.5mm. The average distance between the septa is 3.5mm. The sutures 

visible on the exterior of the inner mold, are somewhat undulating, extending forward 

on the ventral side (the side to which the siphuncle is closest) in a gentle saddle, to the 

extend of about 1 camera-length beyond the lateral and dorsal sides. In the earlier 

portion, this saddle is less pronounced, its increase in length thus corresponding to the 

proportional approach of the siphuncle to the ventral side. The concavity of the septa in 

the larger portion of the fragment is equal to about the depth of two cwamer. 

Horizon axp Locaurrtrs: In the Machiakou limestone of Tai-an, Shantung 

province, Survey collection. A small specimen apparently representing the apical 

portion of this species was obtained from Sen Chuang, Ning Yang, Shantung, and 
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another from Lincheng, Shantung (F. F. Mathieu), and a fairly well-preserved internal 

septate mold from Wén Nan, Mon-yin-Hsien, Shantung (V. K. Ting). 

The specific name is given in allusion to the Chinese calculating frame or 

Suanp'an (Ei ##), to the elements of which, 7. ¢. the single row of Chi () the siphuncle 

of this species shows a marked resemblance. 

Actinoceras submarginale Grabau (sp. nov.) 

Plate VIII, figs. 5«, b; Plate 1X, fig. 3. 

Shell of medium size tapering at the rate of about 1 in 4, the siphuncle submar- 

ginal and occupying about one-half the diameter of the shell or somewhat less, regularly 

swelling between the septa, and constricted at the septal openings to about two-thirds its 

width. Endosiphuncle large, its diameter about 3 mm. where that of the siphuncle is 15 

mm. with deverticula extending into the nummuli. Mural pores not observed. The 

section of the shell is apparently suboval while that of the siphuncle is circular. It is so 

close to the shell on one side, that it appears almost to touch it, but the septa are 

continuous around it, showing that the contact is not absolute. In form the siphuncle 

tapers gently, the rate being approximately 1 in 19 in a characteristic specimen. 

The septa range from + to 4.7 mm. apart and are, asa rule moderately concave, 

though in one specimen (Plate IX, fig. 3, cat. no. 56.) some of them exhibit rather 

marked curvature, involving in some cases as much as the depth of two chambers. The 

space between the septa ranges from 4 to 4.4 mm. in specimens of about thirty mm. 

diameter. In a specimen sectioned so as to give the siphuncle a subcentran appearance, 

although it is in reality close to the margin (Plate VIII, fig. 5u, }) the septa are at first 

rather flat-lying, and somewhat undulating, after which, near the margin, they bend 

strongly forward (upward). In this respect the two specimens figured show a marked 

contrast, but it must le remembered that they show the shell in sections practically at 

right angles to each other. 

The stereoplasm is variable. In one specimen (fig. 5) it fills the greater part of 

the camerex: leaving only a narrow space beneath the next septum. The filling extends 

to the siphuncle and makes the entire shell a very solid and compact mass. In another 

specimen (fig. 3) the filling is comparatively slight, and the septa hence have weathered 

out in relicf from the section and were readily broken away. 
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Sections of this species made so as to give the appearance of a centran siphuncle 

(Plate VIII, fig. 5a) might be taken for A. richthofeni, They can however be readily 

distinguished by the slight depth of the camere. In a transverse section of course, the 

subcircular outline and submarginal position of the siphuncle readily distinguish this 

species. 

Horizon and Locatrrizs: This species has been obtained from the Machiakou 

limestone of the Kaiping basin in eastern Chihli province. It has been found at 

Tangshan and more doubtfully at Machiakou (Survey expedition). A natural section, 

apparently of this species, has also been obtained from the same horizon at Wén-Nan, 

Mon-Yin-Hsien, Shantung (V. K. Ting coll. ). 

Actinoceras nanum Grabau (sp, nov.) 

Plate VII, fig. 8; Plate 1X, tig. 2. 

Shell slender, the longest specimen observed being about 70 mm. in length and 

10 mm. in diameter at the basal end. It tapers at the rate of about lint. A second 

specimen (Plate IX, fig. 2) about 45 mm. long, has a basal diameter of 6.5 mm. and 

tapers at the rate of 1 in 5.75. <A third specimen (Plate VII, fig. 8), the most perfectly 

preserved, has a length of about 18 mm., its basal diameter is 6 mm. and its rate of 

tapering | in 4. 

Siphuncle centran, small, the greatest diameter of the nummuli being 2.1 mm. 

where that of the shell is 9.4 mm.; strongly nummuloidal, contracting at the septa to a 

diameter of 0.7 mm. Endosiphuncle subcylindrical, about 0.6 mm. in diameter. 

Septa gently concave. In the best preserved specimen they are 1.3 mm. apart 

where the diameter of the shell is 10 mm. and practically the same where the shell 

diameter is 8.5 mm. In another specimen, (Plate IX, fig. 2) the septal interval is 

1.6 mm. where the shell diameter is 10 mm. and that of the nummulh about 2 mm. 

Stereoplasm slightly developed or almost absent. When present, as in fig. 8 

Plate VII, it is thickest near the siphuncle, but thins away rapidly before reaching this. 

This species is readily recognized by its tapering to a very narrow end which is 6 

mm. or less, a diameter found in no other species in these rocks; by the very approxi- 

mate septa (from 1.3 to 1.6 mm. where the shell is 10 mm. in diameter); and by the 

minute centran siphuncle, which is smaller than that of any other species known from 

these rocks. 
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Horizon Anp Locaurry: ‘This species has so far been found only in the Machia- 

kou limestone of Tangshan in the Kaiping basin, eastern Chihli. It is less common than 

some of the other species. 

Actinoceras curvatum Grabau (sp. nov.) 

Plate VIII, fig. 6. 

Shell gently curved, with large siphuncle close to the convex side, though not in 

contact with the shell. The diameter of the siphuncular elements or nummuli, in the 

only known specimen, is 12 mm. and their length 2.4 mm. giving a proportion of 1 to 5. 

They are moderately contracted at the septal crossing so that their narrowed portion is 

about 5 nim. in diameter. Diverticula from the endosiphuncle (the latter not exposed in 

the sepcimen) extend nearly to the outermost margin of the nummulus where there 

appear to be rather widely-spaced mural pores, which are, however, not well shown 

except now and then in one or another of the nummuli. 

There is some variation in the length of the individual nummul, but no 

appreciable change throughout the part of the shell shown, which is about SO rim. long. 

The average length of the nummuli remains the same so far as exposed, but the diameter 

apparently decreases somewhat apicad, but this can not be determined with certainty. 

The width of the shell cannot be ascertained but judging from the septa preserved, it * 

could not be less than 20 mm. in the lower part, and probably was 25 mm. The szepta 

are strongly oblique towards the siphuncular side. If the curvature was regular, with a 

shell width of 25 mm., the depth of the septa was cqual to that of two camere. 

While the septal distance in the upper part of the shell was presumably that of 

the nummuli-length, or 2.4 mm. on the average, it was somewhat greater in the earlier 

part of the shell, where the septa arc preserved. There the average is 2.7 mm., some of 

the septa being separated by as much as 3 mm. 

Stereoplasmic thickening of the septa is moderate, being confined to the upper 

surface of the septum and occupying one-half of the septal interspace or less. It is 

irregular, swelling in some parts, and thinning away in others. It seems to be least 
developed on the inner or concave side. It was apparently bounded above by a 

pseudoseptum. 

Horizon and Locaniry: A single imperfect specimen has been obtained by Dr. 

F, F. Mathieu from the Machiakou limestone of Lincheng, province of Shantung. 

Though irnperfect, it is thought worthy of description, as it is the only curved -lctinoceras 
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known from these rocks. The species is placed in the genus Actinoceras rather than 
Cyrtactinoceras, because of its slight curvature, moderate tapering, and large actinoceran 
siphuncle. Another smaller specimen with narrower siyhuncle (9 mm. where shell is 15 
mm. wide), but otherwise similar, and also showing slight curvature, has been obtained 

from the same horizon, south of Wén-Nan, Mon-Yin-Hsien, Shantung. (V. K. Ting 

coll. ) 

Genus CYRTACTINOCERAS Hyatt. 

This genus, founded by Hyatt, with Cyrtoceras rebelle Barrande as the genotype, 

was more fully defined by Ruedemann (N. Y. State Museum Bull. 90, 1906, p. 488), who 

referred to it two species from the Chazy limestone (Middle Ordovician) of the Lake 

Champlain region in eastern North America. They are rather short and stout cyrtocera- 

cones with highly nummuloidal siphuncle, characterized as in Actinoceras, by stereoplasm 

which is arranged as obstruction rings or ‘‘rogettes’’ around the septal necks. The 

camere too are filled with stereoplasm, this being very extensive in one of the Chazy 

species. In the type of the genus, the section is depressed, the septa rather closely 

arranged, the siphuncle moderately nummuloidal shrinking somewhat in old age, and 

filled in the middle stages with rosettes. It is near the convex side of the conch, but 

somewhat variable in position, approaching the center again in old age (Ruedemann). 

From curved forms of Actinoceras the species of this genus may be distinguished 

by their rapid enlargement, this producing relatively short stout shells. The siphuncle of 

the curved Actinoceras species is also much larger in proportion than is that of Cyrt- 

actinoceras. 

Cyrtactinoceras frechi Grabau (sp. nov.) 

Plate VIII, figs. 7 - 10. 

Shell a comparatively small breviconic cyrtoceracone of subcireular or somewhat 

oval section and gentle curvature, the shorter of the two transverse axes in the plane of cur- 

vature. The shell tapers at the rate of 1. in 2.5 in the early stage, having a transverse 

diameter of 10 mm. at the second septum, below which it is rounded off acutely. Seven- 

teen millimeters above the second septum it has a transverse diameter of 18 mm. while the 
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shorter axis measures 15 mm. At this point the siphunele is situated about 4 mm. from 

the convex side and has a diameter of 4.5 mm. being approximately circular in section. 

The increase of the shorter axis in another specimen (Plate VIII, fig. 7 cat. no. 2) is from 

9mm. to 13 mm. in the space of 17 mm. giving arate of tapering of 1 in 4.25. In this 

specimen the siphuncle has a diameter of about + mm. at the lower end, not changing 

appreciably throughout. Its distance from the outer margin of the upper end of the 

specimen is about 4 mm. but it is only about 2 or 2.5 mm. from this margin at the lower 

end. Ina specimen from Chaokouchuang (Plate VIII, fig. 8) with a shorter diameter of 

about 10 mm. at the base, the siphuncle is 2 mm. from the outside and has a diameter of 

3 mm. or a little more. The transverse diameter here is about 11.5 mm. Fourteen 

millimeters higher, these diameters are 12 and 15 mm. respectively, giving rates of 

tapering of 1 in 7 and 1 in 4 respectively. In a sectioned specimen from Shantung 

(Plate VIII, fig. 10) the diameter of the siphuncle is 4 mm. where that of the shell is 15 

mm., and it is 2.56 mm. from the convex side. In form it is strongly nummuloidal and 

filled with stereoplasm deposited in rosette form as in -letinoceras. There is a narrow 

subcentral endosiphuncle. 

Septa from 2.6 to 2.75 inm. apart, of moderate curvature, and with comparatively 

little stereoplasm in the camere, this being most extensively developed on the convex 

side. 

This species differs from the American Middle Ordovician (Chazy) species mainly 

in its excentric siphuncle, and longer camere in the young. It has much less stereoplas- 

mic deposit in the chambers than has (*. champlaincnse Ruedemann, and it curves less 

than does C. boycii Whitfield. A short section of the shell might easily be mistaken for 

a small species of ctinoceras. 

Horizon and Locarrties: In the Machiakou limestone of early upper Ordovician 

(Black River) age at Tangshan, Machiakou, and Chaokouchuang, all in the Kaiping 

basin of eastern Chihli province, (Collections: ‘I. C. Wang, H. C. T’an and Y. C. Sun 

respectively). Also from Chingchuang, Ning-yang district, Shantung province (coll. V. 

K. Ting). 

The specific name is given in memory of the late Dr. Fritz Frech of Breslau 

Germany, to whom we owe the fifth volume of Richthofen’s great work on China, and 

whose labors have done so much towards increasing our knowledge of the invertebrate 

fossils of China, 
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Genus GONIOCERAS Hall 

The presence of the genus Gonioceras in the Ordovician rocks of north China 
was first suggested by G. C. Crick* in his discussion of the fossils collected by Mr. 
Samuel Couling, M.A., Editor of the China Review, south of Tsing-tshou-fu (Ching- 
Chow-Fu) in Shantung. In his plate (fig. B) Crick gives a photographic reproduction 
of one of the specimens which, if natural size, (the scale is not given) shows an 
actinoceran shell with apparently empty camere 2.2 mm. long, and a strongly nummu- 
loidal siphuncle, the nummuli of which are 15.5 mm. in diameter. He further refers to a 
rubbing of another specimen, ‘‘about 25 centimeters long, displayed in section on the 
surface of a slab’’. Commenting on these specimens, he says ‘“‘although the relative 
proportions of the parts of the shell, the relatively wide siphuncle and the very shallow 
chambers, agree fairly well with those of Actinoceras imbricatum Hisinger, sp. from the 
Silurian (Upper Ludlow) of the Island of Gotland, Sweden, it seems scarcely likely that 

an example of this species could be so worn down as to expose the siphuncle for a length 
of 25 centimerers ’’.** Crick therefore refers his specimen to the genus Gonioceras Hall. 

I must confess that the evidence has seemed to me inconclusive, as the specimen 

might have been an Actinoceras with the siphuncle near one side. Nor is the photograph- 

ic reproduction given by Crick entirely satisfying, as it leaves many of the characters of 

the specimen in an indeterminable state, especially the nature of the camere. A 

specimen in the Survey collection showing a similarly wide siphuncle and short camere, 

appeared to be related to the form described by Crick, but this too I was at first disposed 

to refer to Actinoceras, as aside from the proportions, it seemed to show no very decisive 

characters differentiating it from other species of that genus which occur in these rocks, 

except the empty camera, a feature not found in any other species of <Actinoceras in the 

Ordovician rocks of China. This led to‘a more careful study of the specimen, with the 

result that several of the septa were found to show the true Gonioceras curvatures. This 

settles the question as to the presence of the genus Gonvoceras in the Ordovician of north 

China, and it lends a strong measure of probability to the correctness of the interpretation 

suggested by Crick, and to him must be given the credit for the discovery of this unique 

organism in China, a discovery of very great importance, as already pointed out by 

Ruedemann. For, as this genus is otherwise only known in the Chazy, Black River and 

early Trenton of eastern and central North America, extending to the base of the Stones 

River group in Tennessee, it places beyond the question of a doubt the former intimate 

* Geol. Mag. Dec. IV. Vol. X. pp. 483-484 pl. XXII, 1903. 
** loc, cit, p. 483. 
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marine connection of these two districts, a connection which nearly all of the other fossils 

so far obtained from the highest Ordovician rocks of north China have persistently 

pointed to.* 

The specimen of Gontoceras described below, came from Seng Chuang in Ning- 

Yang, province of Shantung, about 190 km. (315 li) southwest of the locality where Mr. 

Couling’s specimens (described by Crick) were found. So far then this genus is only 

known from Shantung but its discovery in Chihli province may now be looked forward 

to with confidence. 

Gonioceras shantungense Grabau (sp. nov.) 

Plate VIII, figs. lla, b. 

cf. Gonineeras sp. Crick. Geological Magazine, New Series Dec. IV. Vol. X. pl. XXII, fig. 

B, 1903. 

Form of shell unknown, but apparently of the usual expanded and thin character 

of the genus. Siphuncle probably excentric, but the exact position in the shell not 

known, the only specimen in our possession having apparently been worn before 

embedding. The siphuncular elements (the nummuli) are apparently uniform or 

enlarge only very slightly forward. They are 11.5 mm. in greatest diameter in the 

section shown, which is probably cut a short distance beyond the central plane, no 

evidence of an endosiphuncle appearing. From the fact that the transverse section shows 

only about 4 mm. of thickness for the siphuncle, it would appear that, provided it was 

circular, its diameter was originally about 13 mm. The stereoplasmic filling is distinctly 

actinoceran consisting of rosettes of obstruction rings at the septal necks. At this point 

the siphuncle contracts to 7.5 mm. 

The septa average 2.4 mm. apart, and the camer are without stereoplasmic 
filling except for a very slight thickening at the points where they become free from the 

* T may add that my reticence in accepting as conclusive the argument for the occurrence of this genus in the 
Chinese rocks, was to a large extent influenced by my hope of finding just such satisfactory evidence of the former 
intimate connection of northern China and eastern North America, as this occurrence affords, for as the study of the 
Chinese material progressed, this connection became more and more evident. Still I was loth to accept any but the most 
conclusive evidence, and the discovery of an undoubted specimen of Gonioceras, coming as it did towards the close of these 
studies, affords therefore unparalleled satisfaction. I may further note, that a specimen of Columnaria, whieh Lam unable 
to distinguish from the common (\ hall/ of the American Black River beds has come into my hands. This specimen 
found in the collection of Yenching college (Peking) is said to have come from the hills of eastern Szechuan, north of the 
Yangtse, and west of the southernmost lucality (in Hupeh) in which Actinoceras has been found. As long however as the 
shadow of a possibility remains, that in the vicissitudes which a student collection suffers, an American specimen might 
have been substituted for the original specimen from central China, I am unwilling to include it in this memoir, A further 
note regarding it will, however, be published in the Bulletin of the Survey. , 
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siphuncle. Most of the septa are broken off a short distance beyond the siphuncle, but 

near the base of the section a few of them are found to continue outward, and although 

they are somewhat broken they show the undoubted rather sharp return curve, so 

characteristic of this genus. This is shown in the illustration. 

In its general form and character this species comes nearer to Gonioceras chaziense 

Ruedemann * from the middle Chazy limestone of Chazy N.Y. on Lake Champlain (U. 

S. A.) then to either of the other two known species from the higher rocks. The 

siphuncle of the Chazy species is however only 7 mm. in diameter while the distance 

between the septa averages 2mm. The greatest width of that shell is a little over 70 

mm. that of our species can not be ascertained. In the Chazy species each septum rises 

within the body of the conch to the height of five cameras, before it forms the character- 

istic return curve. In our species this character is much less pronounced, the septum 

scarcely rising to the height of one and a half camera, and the angle of recurvature is 

rather charp, while beyond it the septum continues with a gentle forward concavity. It 

is at or near the angle of recurvature, that most of the septa are broken away. 

Horizon and Locatrry: The single known specimen came from Seng Chuang, 

(Shen Tsun) Ning-Yang, province of Shantung, where it was collected by Dr. V. K. 

Ting. The specimens described by Crick, which may belong to this species (though the 

fact that one of his specimens was 25 cm. in length, makes this doubtful) were collected 

by Mr. Samuel Couling near Chingchow Fu, Kiaochow, also in the province of Shantung. 

Class CRUSTACEA Lamarck 

Sub-Class TRILOBITA Walch 

Order Opisthoparia Beecher 

Family ASAPHIDA® Burmeister 

Genus ASAPHUS Brongniart 

Asaphus boehmi Lorenz 

Plate I, figs. 8, 9 

1906 Asaphus boehmi Lorenz. Beitriige zur Geologie und Paleeontologie von Ostasien, II. p’ 
84, pl. XVII, figs. 4, 5a, 5b. 

* N. Y. State Museum Bulletin No. 90 p. 494 plate 36 figs. 3 and 4. 
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Original Description: 

‘Wir haben hier zweifellos einen echten Asaphus und zwar die engere Gattung 

Asaphus vor uns, deren Grenzen Fr. Schmidt * umschrieben hat. Die Unterabteilungen 

Salters ** konnten keine passende Anwendung finden. ”’ 

‘Kopfschild ist nur in einem Exemplar vertreten. Glabella nach vorn birnen- 

formig verbreitert. An Furchen ist nur eine sehr tiefe und breite Basalfurche an der 

hinteren Glabella vorhanden. MHinter der tiefen Basalfurche ist eine schmale, flache 

Occipitalfurche entwickelt. Der zwischen den beiden Furchen gelegene Rand tragt einen 

kleinen Hécker. Die Augen liegen weit hinten. Durch den charakteristischen Verlauf 

der Gesichtsnaht bekommen die Wangen das Aussehen von zwei fltgelartigen Lappen, 

die hinten zu beiden Seiten der Glabella liegen. Dic Gesichtsniihte laufen scheinbar vor 

der Glabella zusammen. Das Pygidium ist in seiner Gesamtform parabolisch. Ein 

breiter Randsaum bildet die Umrandung. Die Segmentierung ist zahlreich, aber schwer 

sichtbar. Auf den Seitentcilen sind die Pleuren mit unbewaffnetem Auge kaum zu 

erkennen. Die Rachis hat eine charakteristische Form. In ihrem hinteren Verlauf 

gleichmassig schmal, verbreitert sie sich unvermittelt nach vorn. Die Schale ist gedédert. 

Diese Skulptur entspricht wohl den Terrassenlinien von Fr. Schmidt. 

‘‘Teh nenne diese Art nach meinem friiheren Lehrer, Herrn Prof. Dr. Georg 

Bohm an der Universitat zu Freiburg 1./Br. 

‘‘Tch sammelte diese Fossilien in einem gelblichen mergligen J.alkschiefer hart 

am Wege etwas unter dem Gipfel des Hoschan. Das Alter der Schichten ergibt sich 

durch das Auftreten obiger Trilobitengattung als zweifellos untersilurisch. *** 

Two small fragmentary pygidia from Chaokouchuang are referable to this species. 

The axis is strongly elevated and broadens rather rapidly in the anterior portion; the 

sides are concave. The anterior ring is narrow and continued as a distinct but narrow 

ridge along the anterior border of the limb on either side of the axis. The other axial 

rings, of which 5 are partly preserved on one specimen, are about twice as wide as the 

first, separated by narrow and shallow transverse furrows, their shallowness making the 

annulation of the axis searcely visible except in certain positions. Lateral furrows of axis 

rather pronounced. Limb smooth except for the anterior bounding ridge; doublure of 

margin rather broad, marked by irregular longitudinal lines. Entire surface of pygidium 

finely punctate. 

* 1898. Mém. de l’acad. imp. des sciences St. Pétersbourg. Classe phys.-math. (8) vol. VI. 
*#* A Monograph of the British Trilobites, 1864-1883 p. 146-140. 

#** Lorenz: loc. cil, 
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Measurements: 

of that figured by Lorenz. 
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The following are the measurements of the pygidia described and 

Specimens described 
Chihli Shantung 

Lorenz type 

Anterior width of pygidium 

Width of axis at anterior end 

Greatest length of pygidium 

Length of axis 

c 

16. mm. 

Horizon anp LoOcALitTy: In the Machiakou limestone of Chaokouchuang in the 

Kaiping basin, Chihli province (Survey expedition coll.). Lorenz’s type came from 

essentially the same horizon near the summit of the Hoshan in Shantung. 

Asaphus sp. 

There is at least one other species of Asaphus (or Isotelus?) in the collections from 

the Kaiping basin, but the material is too fragmentary for description. It indicates, 

however, a much larger species than A. boehmi. Asaphus? of an indeterminate species has 

also been recorded by Weller in these rocks near Tsai-Kia-Chuang in Shantung. Other 

species are found in south China, but these are excluded from the present discussion. 
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List of Chinese Localities referred to, arranged Alphabetically under Provinces. 

(See Map Fig. 20.) 
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PLATE I. 

Lower Ordovician Authozoa (1-3) and Cephalapoda (10); Peilintze Limestone. Upper 

Ordovician Brachiopoda Peleeypoda and Trilobite; Maehiakou Limestone, 

Drawings by KC. Lin (BGR) Photographs by T. I. Loo (RARE) 

Hie ds. cA neers srk ee Late DM n3 incon iccomeenrccunake mab OTA IRS aaasud beabinned aleeis p. 12 
Ja. Mold of part of interior of caliculum with weathered section near the upper edge 

of the caliculum. Natural size. 
1b. Photograph of partial section of caliculum 50 mm. below preceding; nearly natural 

size. The right and left sides are reversed with reference to fig. la. Lower 
Ordovician Peilintze limestone, Shih-Mun-Chai, Chihli. (Coll. Fo F. Mathieu, 
Cotype G. S. Ch. Cat. No, 75). 

Fig. 2: ulrcheocyathus LPT CHES ATEN DAU oN Raa & Goatees a oahi od ONS EG NRUS Coe HEE CDA NE Pp. 12 

Photograph of polished section of a compressed caliculum same horizon and locality. 
Natural size. (Cotype Coll. FF. Mathieu, (i. 8. Ch. Cat. No. 76). 

drclarveyathis. chit iewse GLabAt .cccee ekwecieer hGdead senasi de wuuaa eonesiows ree Moms aae eemenes p. 12 
Photograph of thin section of a nearly cireular caliculum. Natural size. 

b. A small portion photographically enlarged X 10; same horizon and_ locality. 
(Cotype Coll. F. F. Mathieu, G. 8. Ch. Cat. No. 98). 

Fig. 4. Orthis calliqvauma var, orthimbonites von Buch (de Verneuil)............0.0.0:02 200 p. 1 
4a brachial-,4b pedicle-,te side-view of a small fragmentary specimen * 3; Machia- 
kou limestone, Chao-Kou-Chuang, Chihli province. (G. 8. Ch. Cat, No. 94). 

BD DF Go: 

es 

Fig. 5. Orthis calligiamima var, orthambouites von Buch (de Verneuil).............c:ccee eee p. 1s 
da pedicle-,5b brachial-,5c¢ lateral-,5d frontal-views of a larger, somewhat distorted 
and more nearly complete specimen. X 2. (In 4d the upper valve ts the brachial, 
which appears as the deeper of the two because of the position in which the 
specimen is drawn). Same horizon and locality. (8. Ch. Cat. No, 98), 

Fig. 6, Sioplininend- ch. seine (SNe para) osnsassin cadens vous gy shugvaen made sa amide ceenautes Be AT 
Part of pedicle valve, with outline restored X 3. 
Upper Ordovician, Machiakou limestone, Chao-Kou-Chuang. ((:. S. Ch. Cat. 
No. 109). 

(Clesroianate sy ict TOG CTR sc esey 2 sasarlas Coden hae leeaen vo tanen eR een ee ed HAs, ee eancs p. 19 
Interior view of a right valve, showing the hinge line, (with the teeth somewhat 
too clearly represented), the iusrular sears and anterior muscular ridge The 
ventral margin is imperfect. Enlarged twice Machiakou limestone, Tangshan, 
Chihli. (Holotype G. B. Barbour Coll. G@.8. Ch. Cat, No. 51), 

= a ~I 

Hig8.. AN Uaioe: TOV GING ico bata San asietl ideas tlh Aa Sosa Mage oe adhan dh ebacun ape awlcolatawieaes p. 98 
An imperfect pygidium, enlarged 2. showing broad ringed axis, and concave 
marginal rim. Machiakou limestone, Chao-Kou-Chuang, Chihli. (G. 8. Ch. Cat. 
No, 92). 

Fig. wh Asphus HRSA LOM CINE Sr Gotola Sees tae Pct Sts ails eats ala hatpea nee arate hiciaty a tea ee Ca’ Pp. 93 

Another pygidium from the same horizon and locality as the preceding but 
exfoliated, showing narrow axis, X 2. (G. 8. Ch. Cat. No. 110). 

Biles HOk 9 CU OCRRES TILT: “ONT isc ateceexsuce tine tig, wot eo eked ares adeeden cele aoe Cun aces p. 18 
Apertural view of the siphuncle shown in the right hand figure of Plate V. to show 
the main and lateral alveoli. The specimen ig slightly crushed, and ig weathered. 
Lower Ordovician Petlintze imestone, Sluh-Mun-Chai region, Chih. (G. 8, Ch. 
Cut. No. 111). 
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PRAT 4, 

Orduvician Gastropoda and Cephalopoda (11-12); Lower Ordovician; Peilintze and Liang- 

chiashun Lineeslones; Upper Ordovician: Muchiakon Limestone. 

Drawings by WK. CL Liu (BIER) 

Hig. i. Ophileta plana AU POLAT ota araleedea teed 2 atoin Rnd teeth data aera ha that ea na da ou hci id oo cuss Minadediving Saar p. 20) 

Adult specimen, natural size, embedded in vock (which is not fully vepresented). 
The surface is weathered. Liangehiashan limestone (Lower Ordovician) Liang- 
Chia-Shan, Chibhli, Coll. P. Fo Mathieu. (Cotype G. 8. Ch, Cat. No. 54). 

Bigs 2, Opie Geta piling Cav WAU ss odds ov saceanse va bedmey sana sda whiabuane aie Neca vaaaat sapeetuaree commaaee p. 20 
Young shell, top (2a) and side (2b) views. Natural size. The surface sculpture is 
only apparent, and due to weathering. Liangchiashan limestone (Lower Ordovic- 
ian) Liang-Chia-Shan, Chihli. Coll. I. If Mathieu. (Cotype G. 8. Ch. Cat. 
No. 83). 

Dio sc, “De ite ea ema Ca na a oan gs panda n chananae Panes Saw hoe shay bniaeerah ne Nemes emaoens Wa 22 
va Top view of a small specimien with lax final whorl, enlarged twice. Jb side view 
of the same, X 2, Peilintze limestone, Pei-Lin-Tze, Shih-Mun-Chai, Chihli. Coll. 
I. . Mathieu. (Cotype G. 8. Ch, Cat. No. 86). 

Bi dy. COpiyelahar siiign tg Wen NWCA cao en's stains sev eedials wcssonipa av ddan e uxamuna ceceaGara te \uauyy + exneawanas p. 22 
Unibilical view of a fragment of the whorls of a young specimen X 2. Peilintze 
limestone, Pei-Lin-Tze, Chihli. Coll. F. F. Mathieu. (Cotype G. 5. Ch. Cat. 
No, 85). 

Fig. 5. Ophileta syuamosa Crabanu 
Natural section of an adult specimen, natural size. Peilintze limestone. Pei-Lin-Tze, 
Chihli. Coll. F. F. Mathieu. (Cotype G.8, Ch, Cat. No. 95). 

Hie. Ge “Ophiideter Sypitin Gay ta DAU oes sy eanen as vameuas slonegad release vnns Siudlndan <s sameba’ os Wied sas Pandas p. 22 
A much weathered section of an adult specimen. Natural size. Peilintze limestone, 
Pei-Lin-Tze, Chilli, Coll, I. Ff. Mathieu.  (Cotype G. 8. Ch. Cat. No. 89). 

lo lo 

= 2 “1 Eecyliaploris kushanensis Grabau 
7a Summit view of the holotype natural size. 7b Umbilical view of the same, natural 
size. 7¢ Cross-section of the shell to show form of whorls and degree of embracing. 
Machiakou Lmestone, Ku-Shan, Hwo-Luh-Hsien, Chihli. (Holotype G. 8. Ch. 
Cat. No. 96). 

~ ts ree) 

Pigs Ss. ered epieews Simei (Me) dames aay Kenan ote x Veosuaa ucuiuncicesuakesaeataspewannea vo eahan p. 25 
Sa-c. Sanmit, lateral and umbilical views of a characteristic specimen from 
Nei-Ya-Shan, near Ichang, MHupeh, South China, (For comparison with FP. 
kushanensis,) 8d section of the same to show form of whorls and excessive embra- 
cing. Middle? Ordovician. (+. Langford Smith Coll. (G. 8. Ch. Cat. No. 97). 

Ig. 0.  Aerublonpleatine Teanget a mnnes > CANA ia sacsasss adwaineed oveswiuad eke wassedesdwnvn avevennsass iy: sed 
Worn under surface of the partly exposed holotype. Natural size. Machiakou 
limestone, Tang-Shan, Chihlt. (Holotype G. $. Ch. Cat. No. 6). 

Wig. 10... Salppiigustoied (egat a GRU gaia ss esievasa veeeacads akda sacs x seusuaue xaea iva budwadey ohn ovew anes p. v9 
atop, b side, and ¢ anterior views of the type and only known specimen which is 
crushed and partly bruken. Natural size. (Holotype. G. 8. Ch. Cat. No. 32). 

Wire AD htt tacentis math, “Guanes oi cetsy sana eds eae aes aati a5 eeanannede valued adi ivellanhiay eee p. is 
An oblique section through the upper part of the endocone of the specimen fig. 18 
on pl. IV. (For location sev text lig. Ga-b, p. 16). Peilintze limestone, Shih-Mun- 
Chai region, Chihli. F, F, Mathieu Coll. (Cotype G. 8. Ch. Cat. No, 110). 
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Fig. 12. 

Fig. 1s. 

Loa, 

18b. 

Chihlioceras nathani Grabau i 
Another section through the same specimen parallel to the preceding and about 
2mm. farther dorsad. The section is shown on the opposing cut surface of the rock 
and its position is therefore reversed as here viewed. (lor location see text fig. 6, 
line c-d, also text Figs. 8,9 which show the two sections in the same orientation). 
Peilintze limestone, Shih-Mun-Chai region, Chilli, PF. Mathieu Coll. (Cotype G. 
8. Ch. Cat. No. 111). (See, also, Pls. IV & V). 

Chihliocerus chingwangtaoeuse Grabau 

View of the type from the upper or dorsal side. Natural size. The specimen is 
reversed in position as compared with the other figures, to show the median 
alveolus, and the inner surfaces of the lateral alveoli. 

text figures 14-16). 

Side view of the same. 
Peilintze limestone, Pei-Lin-Tze, Shih-Mun-Chai region, eastern Chibl. (ITolotype, 
Coll. by F. F. Mathieu, G. $8. Ch. Cat. No. 113). 

(lor restored sections see 
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PLATE ITI. 

Ordovician Gastropoda; Lower Ordovician-—Prilintie and Liaugehiashan Linestoues; 

Upper Ordovictau;—Machiakon Liqvestou 

Prawings by KL OC. Lin (BERR) 

Bice 1... Dap ae Ta TOL, 5 tae reeenae wen weenebdarseseseeeaaweasamnie mand Qenmebstoguawonn ete p. 25 
A nearly complete characteristic specimen, enlarged twice. Machiakou limestone, 
Tangshan, Chih. (Cotype. G. 8. Ch. Cat. No. 52, collected by Messrs. Morris, 
Barbour and Terrill). 

: : ~ to ot ig. 2. Lophosprem aporrian Onan. sicxssasccee a55 prendse8 conwes oes vennes dc ctowunss 
2a, View of the spire from an oblique angle, to show the position of the peripheral 

band, and the vrowth-lines upon the shoulder & 2. 
2b. A portion of the shoulder of the ultimate whorl enlarged six times to show the 

nature of the peripheral bund and the growth lines. Machiakou limestone, 
Tangshan, Chibli, (Cotvpe, G. 5. Ch. Cat. No. 41; Coll. G. B. Barbour). 

Fig. 3. Lophospira pidehellifor ucts (PMO ates eodactat a tiga teeta hia h el stk lah Me aatmcs har cain d p. 26 

Spire of a characteristic specimen x 2, viewed slightly from above, (with resulting 
foreshortening), to show the peripheral band. Machiakou limestone, Tangshan. 
Cotype. (1. 8. Ch, Cot. No. 41; Cell. G, B. Barbour). 

Bie, A, Liepliaxpirth pitlelvenle fades ava coniveursweras Coxnwnci nea anmien tangs saramdanadnamanns akeenahs p. 26 
Portion of a spire, lateral view x 2. showing amount of embracing, form, and 

strong lower carina. Machiakou limestone, Tangshan. (Cotype, G. 8. Ch. Cat. 
No. 41; Survey Coll). 

Fig. 9. Lophospira Heol Co argnintene UNI conic ew teased cist ee nineds ab aipeitae y vient umiauu ailuaie oun tiags p. 27 
‘a., ob. opposite sides of the holotype, showing the trochiform spire and strong 
peripheral carina. x 2. Machiakou limestone, Tangshan. (Holotype, (. 8. Ch, 
Cat. No. 40). 

Bias (Gj amputee SCR, cisco decease uate vues obese Been gee e adpaans sey ema eae ae p. 27 
An average specimen, with a small mass of matrix adhering and the basal portion 
imperfect x 2. Machiakou limestone, Chao-Kou-Chuang. (Cotype, (. S. Ch. 

Cat. No. 47). 

Fig. 7 Lophospira gerard) TABLA ace cae cenaeoelt ke cba 2:4 Red atte caxcee Sphcovers cat Stereo teh ein aeoa dota toa te p. 28 

A typical specimen from the oe limestone at Chao-Kou-Chuang, Chihli. 
1B nlarged twiee,  (Cotype,G. 8. Ch. Cat. No. 44). 

Fig. S. Lophospira gerardi vary lore Cer NeW alee att kota al sete re ae EE ee roe en er p. 28 

The Holotype. showing the lax whorls entirely free at the aperture, the strong 
subsutural ridge and iiarleet concavity of shoulder x 2. Machiakou limestone, 
Chao-Kou-Chuang. Chihli, (Holotype, G. 8. Ch. Cat. No. 49). 

Rig. 9, Lophospira (gE TU Stat aU Ac Uliay ns no thar cho seek MG Sich Bs a a tte ate datieh dorsal aT gea aed daria Mala Seta oe p. 2g 

View of the type, attached to rock, twice natural size. Machiakou limestone, 
Tangshan, Chihli, (Holotype, GS, Ch, Cat. No. 33). 

Pie. 10. eaplaospiaee whscnee® CHAVA gusiancdgeytancneadeadonrsnwiacagegs Mekeds’ iS hawegale's Avie cs aa 350 5 Pees? : 
The type specimen, embedded in rock and partly worn so as to show the oe 
mold x 2. Machiakou limestone. Tangshan, Chihli. (G. 8. Ch. Cat. No. 37. 

Fig. 11.0 Pagodispiva GUC (Us aseoatate LabGanaa Ooiiiead wh ebelatt tee Bet oaetc Mocieeh pias IAS Te Nn. ol 

The type specimen, twice enlarged. The aperture is restored. Machinkou 
limestone, Chao-Kou-Chuang, Chihh. (Holotype, G. 8. Ch. Cat. No. 15). 
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Fig. 

Vig. 

Tig. 

Fig. 

Fig. 

Vig. 

EO Seika ORGtNiate AG BAA. ny daidas va ie adie o eaahasig a Wobnsen sab ofadrans vpaenlaae bas 
The type specimen, twice enlarged. Machiakou limestone, Tangshan, Chibli. 
(Holotype, Coll. by Geo. B. Barbour, G. 8. Ch. Cat. No. 50). 

p. 32 

Los J agedispiva: mavoteam war, Tete AA pA ANG ccvs dedanasueeau dueeieuabinneé dangndvenautersueventalee p. 82 
The type specimen twice enlarged. Machiakou limestone, Chao-Kou-Chuang. 
(Holotype, G. 8. Ch. Cat. No. 18). 

el Bare OO DRY Oa MEN asc zea ech deeda 9a Pawson xp gamed Pes baeeiede eae ‘de ehe p. 33 
14a. Side view of a nearly perfect high-spired form x 2. 
14b. Umbilical view of same. x 2. Machiakou limestone, Tangshan, Chihli. (Cotype, 

Coll. by G. B. Barbour, G. S. Ch. Cat. No. 42). 

Shite: eee MU aNUOW TO, Se BEAU aan ayravunieeniae shud) ies’ cusecg Caxaaugay cugacian eamnuese aawaniesons p. 33 
dda, Side view of an imperfect low-spired shell. x 2. 
15b. Umbilical view of same x 2. 
1éc, Enlargement of part of the final whorl to show lines of growth, peripheral 

band, and marginal notch. x 4. Machiakou limestone, Tangshan, Chihli. 
(Cotype, Survey Collection G. S. Ch. Cat. No. 48). 

LB a) LEPC OTN: el Tent, TOPE INT ge hainsu seacusie ys enawons axe ile 9 eaenc Mveaion ad samen axenune vteanwres p. 34 
16a. The type specimen, enlarged four times, 
16b. Two of the whorls still farther enlarged. (x 8). 

Liangchiashan limestone Shih-Mun-Chai region, eastern Chilli. (Holotype, Coll. 
F. F. Mathieu G. 8S. Ch. Cat. No. 99). 

Dg ol WUE [fs coinalsc sv cauietan As wanton. 3 Romeonds eaueuhoin + bvoiden a8 amaune sraiennd #hueeua a's Janrd = amurenies 3. 86 
A natural section in the rock; natural size. Peilintze limestone, Shih-Mun-Chai, 
eastern Chilli. Coll. I’. I. Mathieu. (G.S. Ch. Cat. No. 90). (This section is 
weathered to such an extent, that the back of the whorls is shown beyond the 
umbilicus, giving the shell a sinistral appearance). 

TSe- USispitte (SP. wiccasv cde samckins deanaieesua sang sveainea oa redena: akan ye seteay es eens sees eRe rae p. 36 
A natural section in rock; natural size. Peilintze limestone, Shih-Mun-Chai, 
eastern Chibli, Coll. F. F. Mathieu. (G.S. Ch. Cat. No. 89). 
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Drawings by K. C. Lin (BERR) 

Prolarpeenberaeens Ta mH@Ay Give WANT santas se ccigan ld aoa wone ea enelntiesedeaaeé has wes tania p. 

Lateral view of a weathered specimen showing part of the siphuncle, and several 
camera. Natural size. 
End view of the same specimen showing aperture of endosiphocone. Natural size. 
Section of the same showing form and position of siphuncle. Natural size. 
Peilintze limestone, Shih-Mun-Chai, near Chingwangtao, eastern Chill, (Cotype, 
Coll. by F. F. Mathieu, (. 8. Ch. Cut. No. 100). 

Pratecocwingrociias Weathiel Ciba Pas icsiee cs ceaaea se Sass ok See eh eg hp cane oF eR p- 

View of a small portion of the shell embedded in rock, showing flattened siphuncle 
and vamerw, natural size. 
Tend view of the same, natural size; 

A portion of the shell and adjoining jut of the siphuncle enlarged to show the 
relation of the siphuncular funnels to the outer shell on the ventral side, Peilintze 
limestone, Shih-Mun-Chai, near Chingwangtao, eastern Chihli. (Cotype, Coll. F. 
TI’. Mathieu, G. 8. Ch. Cat. No. 101). 

Proterocanterdceras: matieud CirAaballe va <eosaceceasinwax cca aye dsaaaewik sahara Caan Seeds santas p- 
A free siphuncle in three sectious. » Natural size. 

.-3e. End views of the same at points indicated, x 2. Peilintze limestone, Shih- 
Mun-Chai, near Chingwangtao, eastern Chihh, (Cotype, F. F. Mathieu Coll., G. 
8. Ch. Cat. No. 102). 

CORTE TERES STI OIGE GLAD Aes sensntoutesaeura des Sakon sees aire tel aae beer autre edess p. 
The siphuncle of a young or apical portion of a shell, showing the rate of tapering 
and oblique annulations. Enlarged twice. 
Enlargement of the broken smaller end of the sume specimen showing the flat 
yentral side, the endosiphocoleon, and an older endosheath with open lumens 
remaining; x 1, Liangehiashan Hmestone (Lower Ordovician), Liang-Chia-Shan, 
Shil-Mun-Chai, eastern Chilli, (Cotype, I. F. Mathieu, G. S. Ch. Cat. 
No. 105) 

formed by the septa. Natural size. 
Upper, and Se. lower ends of the fragment-enlarged x 2. to show the endosiphoco- 
Jeon, Liangebiashan limestone, Shih-Mun-Chai, near Chingwangtao eastern Chibli. 
Lower Ordovician, (Cotype, Coll, F. F. Mathieu, G. 8. Ch. Cat. No. 104). 

Comeroceras styliforme Grabau 

Lateral view of a silicified fragment of the siphuncle, of a more mature portion than 
that represented hy figs. 4 & 5 showing portions of the septa adhering x 2. 
Upper and Ge, lower ends of the fragment, showing the last endosheath, its 
continuation in the endosiphocoleon and indications of older sheaths x 2. Liang- 
chiashan limestone, Liang-Chia-Shan Shih-Mun-Chai, near Chingwangtao, eastern 
Chilli, (Cotype, Coll. F. PF. Mathieu, G. 8. Ch. Cat. No. 105), 

Suecoceras ychtiense Carabau 

View of the type specimen as exposed on the rock surface. Natural size. 

i= : 
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Lateral view of the same, the left hand side is attached to the rock. Natural size. 
Yehli limestone (Lower Ordovician), Yeh-Li, near Ma-Chia-kou, Chilli. (Holo- 
type, Y. C. Sun Coll. G. 8. Ch. Cat. No. 24). 

Suecoceras attenwatum Grabau......cccccccccceccccccgeccececececcucuecaceceeueucueerseeaenevenaes p. 41 
Apical portion of the siphuncle, showing rate of tapering. Natural size. Yehli 
limestone, Yeh-Li, Chihli. (Cotype, Y. C. Sun Coll. G. S. Ch. Cat. No. 20). 

Sueooiirar aitew uti PARA. ckiir cas sencangianaeapevsunsies vealasviaiginesgaie a8 aeebenwnt p. 41 
Silicified and partly broken specimen referred to this species, showing the last 
endosiphosheath, and its excentric position. Natural size. Yehli limestone, Yeh- 
Li, Chih. (Cotype, Y. C. Sun Coll. G. S. Ch. Cat. No. 22). 

Dame moe ites: st ramiomnemte. MTNA ss racony' ex agate’ sacs sawieunsy aaceeid sect cate a udabaaeseusaeds tue ndeame p. 41 

Ventral view of siphuncle, showing the strong saddle made by the septal necks. 
Natural size. 

Lateral view of the same, showing obliquity of septal necks, The left hand side is 
attached to the rock. Machiakou limestone, Tangshan, Chilli. (Holotype G. S. 
Ch. Cat. No. 25). 

PROCES PCE ETN IEIM:: OTS VU a, einen 5 « womens oa ladon waatnan ou ae Sevoeea bx ionwarak gimtinns p. 42 

Natural section of the siphuncle, showing the excentric endocone with flattened 
venter; the endosiphuncle with its terminal projection (this is not as large as here 
shown, some rock adhering which can not readily be separated) , and the crystalline 
filling. The specimen is either a young form or the endocone extends further 
apicad in this specimen than in others (see fig. 12). It is filled with rock matrix 
enclosing foreign material. 
Side view of the same showing faint constriction at commencement of annulations. 
Natural size. (The constriction is slightly over-emphasized owing to the position 
of the specimen). 

. End view of the same, showing position and form of endocone. Natural size. 
Liangchiashan limestone, Shih-Mun-Chai region near Chingwangtao, eastern 
Chihli. (Cotype, F. F. Mathieu, Coll., G. 8. Ch. Cat. No. 108). 

Puceeras laine vom “Ta Da NON cat ccsacWnrntars eecaieas bee dah Femme Sued soum ena cemoperenaans waa waus p. 42 pA) 

. Natural section of a siphuncle of a large and older specimen of subcircular cross- 
section. The section is transverse to the dorso-ventral diameter but somewhat 
oblique. The endocone with filling of rock-matrix, and the crystalline filling of the 
earlier part with indications of older sheaths are shown. Natural, size. 

Side-view of the same, showing subcylindrical outline, with the oblique annulations, 
which converge in a low broad saddle on the venter (right side). The lower part 
is fractured, showing complete filling with stereoplasm or organically deposited 
lime. Older sheaths are indicated in this fracture by dark lines. Natural size. 

End view (upper) of the fragment, showing the very slight flattening at this stage 
of the endocone on the ventral side, which is the center of the convex surface (top 
side of fig. 12c, right side of fiig 12b), as shown by the converging annulations. 
The thickness of the lime-filled portion of the siphuncle is shghtly greater on the 
venter than on the sides. Liangchiashan limestone, of Liang-Chia-Shan Shih- 
Mun-Chai region, near Chingwangtao, eastern Chihli. (Cotype, F. F. Mathieu, 
Coll. G. 8. Ch. Cat. No. 109). 

Chri ocends setae. Gta 8 sa fo gases sad ale deen a. vewia as dalled Sew ERG ad ow ind Ladakh p. 48 
Ventral aspect of a typical specimen partly worn, but showing the endosiphunele in 
the lower part. (Sections of this specimen are shown in figs. 11 & 12 of pl. TI, 
and a reconstruction in text-figures 2 to 6 pp. 45-46) Peilintze limestone near Ching- 
wangtao, Chihli. (Cotype, F. F. Mathieu, Coll., G@.S. Ch. Cat. No. 110). (See 
also Plate V. which shows the upper side of the same slab on the under side of 
which this specimen occurred). 
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PLATE V. 

Lower Ordovician Cephalopods:—Pelintze Limestone. 

Drawings by KL C. Liw (BIFGbK) 

Chihlioceras nathan? Grabauy...ccccceecce cece cree Ab udiretetioeileieieas acces Sraen Mani aaetaginemaensaes gece oe p. 48 

A group of three individuals, natural size, all with their upper or dorsal surfaces exposed, 
and all more or less worn. The rock has also been subject to slight deformations; two fracture 
lines with slight faulting are shown, the fractures having been filled by calcite veins. The left hand 
specimen shows only a portion of the blade, but the central one shows a large part of it. The lateral 
alveoli in this specimen are not preserved, not extending back so far. They are however shown, 
though in a somewhat crushed condition, in the right hand specimen (see the front view of this on 
plate I. fig. 10). There is a difference in the rate of tapering of the two most perfect specimens, 
also in the annulations, and perhaps, though this can not be said with certainty, in the conforma- 
tion of the endocone. More perfect material may demonstrate, that two distinct species are 
represented. 

On the underside of this rock-mass occurred the specimen of this species figured on plate 
IV fig. 13, and the sections of which are shown on plate II figs 11 & 12. This specimen lay in the 
same posilion as those here shown so far as the dorso-ventral surfaces were concerned, and therefore, 
being on the under side of the slab, exposed the ventral side, Its longitudinal axis was however 
transverse to those of tle specimens here shown. In its detailed character it corresponds closely to 
the right-hand specimen of the group on this plate. As it is also the specimen which bas furnished, 
in its sections, the details of internal structure, from which the models (Text figs 2 to 5) are 
constructed, it must be considered the genotype, in cave the specimens here shown prove to represent 
distinct species. The middle one in that ease will be a new species. 

The outer zone of the middle specimen is formed apparently by a succession of endosheaths 
which were closely crowded in the apical part of the siphuncle. The inner part, become porous 
from weathering, represents « solid mass of stereoplasm (organically deposited lime) apparently 
without further endosheaths until the final one is reached. 

Peilintze limestone, Pei-Lin-Tze, Shih-Mun-Chai region near Chingwangtao, castern Chibli. 
(Cotype, Collected by F. I’. Mathieu and presented to the collection of the Geological Survey of 
China, Cat. No. 111}. Sve further plates], 1, & 1V. 
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PLATE. ¥i. 

Upper Ordovician Cephalopoda:—Machiakow Limestone. 

Drawings by K. OC. Lin (BGR) 

Cijclocer as? PAHMUZCTISG: GIADA Ug aisaise cdeusesoe ev pamsee exten Mew pe gon. Servint 4k coeds b Daaseiocttins p. 63 
Tragment of the small end of a shell with rounded annulations. Natural size, 
Machiakou limestone, Pei-Tou-Tze (near Chao-Kou-Chuang), Chihli. (Cotype, G. 
8. Ch. Cat. No. 28). 

Cycloéeras? pertoutsense Grabalienccctiedvencisas coveaes cevmiewi ve stamnssanevassan s denim aac nee wees p. 63 
Living chamber (without septa) of an immature iudividual, with sharp annulations, 
Natural size. Machiakou limestone, Pei-Tou-Tze (Kaiping basin), Chihli. (Co- 
type, G. 8. Ch. Cat. No. 29), 

Cl UGLOREP ASS ji MTS ENae? ATAU ginccaneiy pa nagacirg <eekaemexomapea Stk y NOS deems aw etteaeagyenedl p. 68 
The largest specimén obtained, partly embedded in rock. In the upper part is 
shown a portion of what was probably the living chamber. The surface here shows 
very fine concentive striz (see fig. 4). The lower part, which appears to be part of 
the same specimen does not preserve the stri. The position of the two fragments, 
and the form of the smaller one suggest that the shell was curved. Natural size. 
Mackiakou limestone, Chao-Kou-Chuang, Chihli. (Cotype, G. 8. Ch. Cat. 
No. 107). \ 

CUCUIELRURS? gierteigtenaish: (uPA WalUislse airs wesalee’ v voluananvlce Suited « seeeah tp eonegean pp aemiatea soe bone p. 638 
Enlargement of part of surface of figure. 8, (X 3.) to show the fine concentric 
strice. 

Steveaplasmiocerts psendoseptiatwin GAAWA, occ g voce see ceegia as ecatoetcoesecsediessnensesseaees p. 66 
Longitudinal section of a large specimen, not showing siphuncle, but showing 
pseudosepta and stereoplasmic filling. Natural size. 
Cross section of the same, Natural size. Machiakou limestone, Tangshan, Chihli, 
(Colype, GS. Ch. Cat. No. 5S). 

Si eriCin leisy UrOTG. PSC juli LAVAL ys sigs veoehds x's wail ox oembnon s vreedens 54 v saenions Lea p. 66 
Longitudinal section, showing depth of septa, pseudosepta, and filling of  stere- 
oplasm. Natural size. 
Cross-section of same. Natural size. Machiakou limestone, Ning-Yang, Shantung. 
(Cotype, G@. 8. Ch. Cat. No. 57). 

Biewrap las iy oneris pNPoroRe lito: TRVWONU gies veceesaver oceans pv nwmeyds's peowwesa ae weowiaa cies p. 66 
A natural section, weathered, showing the septa, pseudosepta and excentric 
sipbuncle. The strongly nummuloidal character is shown in the lower part and the 
non-Actinoceran type of filling in the upper. Natural size. Machiakou limestone, 
ee Clihli. (Cotype, Survey Expedition Coll., G. S. Ch. Cat. 

ayeon a ‘ 

Slercoplasimoceras usrde aL CN AAD IE ANNIE. Cal OLIN TNA Sten ob dba SOR Rate eels sees peed eae daeaaee p. 68 

A natural section in the rock, showing narrowly mugen elon siphunele, pseudo- 
vepta and filling of stereoplasi., Natural size. Machiakou limestone, Ma-Chia-Kou, 
CGhikk, (CHeletype, TL Co Man Coll., Gy, ACh. Cul, Ne 14). 
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PLATE VII. 

Upper Ordovician Cephalopods:—Machiakou Limestone. 

Drawings by K. C, Liu (ZIsER) 

Natural section of the apical portion of a typical specimen, showing the small 
siphuncle with its endosiphuncle, the: septa, and rate of tapering. Natural size. 
Machiakou limestone, Tangshan, Chihli. (Holotype, T. C. Wang Coll. G. §. Ch. 
Cat. No. 8). (See also plate IX). 

— 120 — 

“I Actinoceras PieNtofeng TMOG wis. cqnaseue Gcagies eauaigh oe taba sg oeanulans eae Adda Seuaulelaoes p. 75 
An average adult individual weathered so as to show siphuncle. The specimen 
probably represents a little more than half the original length. Natural size. 
Machiakou limestone, Tangshan, Chihli. (T. C. Wang Coll. G. §. Ch. Cat. 
No. 5). 

Aen noceras Paclitopene I TOCW, cengeds et vawaen vc munun cov nseconiis ione thay ae padion adeies Sahoes Valea wate p. 75 
Portion of a polished rock surface showing the apertural end of the siphuncle in 
section. The gradual thickening of the septal rosettes is shown. Also a portion of 
the camerate part of the shell is shown. Natural size. Machiakou limestone, 
Huo-Luh, Chihli. (Coll. Miss Clarke; G. 8. Ch. Cat. No. 18). 

ACEINOCERAS TCIM OT: WTCCH sctissitia os soutien si aentea tiovan tele ee dds wus iewadia Deuuanbae Aaeierees p. 75 
A portion of a w eathered section of the siphuncle, showing the rosettes around the 
septal necks and the nature of the endosiphuncle and its diverticula. Enlarged 
three times. Machiakou limestone. Tangshan, Chihli. (T. C. Wang coll., ¢. 8, 
Ch. Cat. No. 5). (See also plate IN). 

LGR ERPS tien OPS TL ov yn anda e's wld ne pated ev ableaipn g eaten y ea pean, Na Sumi et vane a eel p. 80 
Longitudinal section showing open endosiphuncle. Natural size. 
Transverse section. Natural size. Machiakou limestone, Kushan, Huo-Luh-Hsien, 
Chihli. (Cotype, G. 8. Ch. Cat. No. 69). 

sIOGL EO ets) AANA Sia ta eae ad meena ema ae a bdiotas a omega gue wOReMAa eRentat ad p. 80 
The lower end of a typical specimen showing blunt apical portion, rate of tapering 
and, in upper part, septa and siphuncle. Natural size. Machiakou limestone, 
Tangshan, Chihli. (Cotype, Coll. Messrs. Morris, Terrill & Barbour, G. 8. Ch. Cat, 
No, 26). 

Aeumenceras tants (GTAA ic vc ani aocupner se sneas ay skew woe secant seen eomean a panemel ls ahaa ans eiaaaubun p. 80 
Natural weathered section, showing siphuncle with part of endosiphuncle exposed, 
and the nature and amount of the stereoplasm in the camerze. Machiakou lime- 
stone, Ma-Chia-Kou, Chihli. (Cotype, H. C. T’an coll. G. 8. Ch. Cat. No. 1). 

Aa NORRIS Claes: STUN ss acinar as faconn die seca lbaed 4 Weir selp eye tiaia Pe ub a ads eins 9d eamtaion aH Voor p. 80 
Apical portion of a characteristic shell, showing form, slight constriction and 
sutures. Also the large subconical initial chamber. Natural size. 

7b. Apical view of the same showing the scar of the siphuncle with its swollen rim, 
situated subcentrally at this end; at the upper end of the fragment the siphuncle is 
strongly excentric. Natural size. 
A single nummulus of the siphuncle, with surrounding septal portion enlarged x 
4, to show the mural pores on the periphery. Machiakou limestone, Tangshan. 
(Cotype, Coll. Messrs. Morris, Terrill and Barbour, G. 8. Ch. Cat. No. 16). (See 
further, plate IX). 

Achimoceras meimin: (ADAM «suas venecas ss tontnnd Mien danateeradg eaomanesiaunpiexeevieebaven ds p. 87 
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PLATE VIII. 

Upper Ordovician Cephalopoda:-—Machiakou Limestone. P} PHAEO) 

Drawings by K. C. Lin (8yFGRR) 

An apical portion somewhat weathered. Natural size. 

. Section of same, showing excentric siphunecle. Natural size. Machiakou limestone, 
Shantung. (Cotype, @. 5. Ch, Cat. No. 66). 

— 122 — 

Ant) pocetds Gowler gy Ui PA DAs «si ungoses vesenaiay coucenne ensnweula s op weuaecaneneeasedeemienas ermun p. 82 
A natural section upon the rock surface, somewhat weathered, and showing the 
siphunele, irregular septa, and filling of camere by stereoplasm. Natural size, 
Machiakou limestone, Hsi-Hsien, Honan. (Cotype, A.C. ‘aun coll., G. S. Ch. 
Cat. No. 4). 

“Actimimeerne Cowley’ Aes DAU iicvvian ad vakwemansssadens tacabaestinnaudiavapeialmaaaaersgaieds p. 82 
Polished section of a characteristic specimen, showing the siphuncle and nature and 
extent of filling of camerz. Natural size. Machiakou limestone, Ma-Chia-Kou, 
Chihli. (Cotype, H. C. T’an coll. G. S. Ch. Cat. No. 27). 

AGI SOCCHGR BUCO OS: CCAM vicina a ateninasa <agdinn caver wen aes awe ek oeeies as aieeewes se anaea p. 54 

Somewhat oblique polished section showing depth of cameree and their filling, and, 
in the lower part, the siphuncle. The rate of tapering appears abnormally great 
owing to the oblique direction of the section. Natural size. 

Transverse section of upper end. Machiakou limestone, Tai-An, Shantung. 
(Cotype, G. 8. Ch. Cat. No, 53). 

Dieter ee: Simian AOI TRUITT dia we tics i aruplaee Wadia ce icamaincetu eure s eeeueneas SeaweN p. 54 

Polished section, showing the characteristic sinhtuntle, rate of tapering of shell, and 
filling of camerse, 

. Transverse section of same showing excentric position of siphuncle. Machiakou 
limestone, Shantung. (Cotype, G. 8. Ch, Cat. No. 54). (See further plate IX). 

Actimoacorns sunsanormele Git DAT cinoisesiansxsiaanns naniodesestiveugaaseyanieudeeennees uk p. 86 

Polished section through the siphuncle showing distant septa with camer largely 
filled by stereoplasm. Also part of the endosiphuncle. Natural size. 

Transverse section of a part laterally displaced by a small fault, showing size and 
submarginal position of siphuncle. Natural size. Machiakou limestone, Tangshan, 
Chibli. (Cotype, G. 5. Ch. Cat. No. 55). (Sce also plate IX). 

A chnwocerus: cvrativm: “Gra WAU vise vie voices Caviccnas Van dea aed deasalad deed Un Santali Ga ghaind ass oaties . 88 
A weathered specimen on rock showing curved form, septa with partial filling of 
camer, and siphuncle. Natural size. Machiakou limestone, Lincheng, Shantung. 
(Holotyye, F. F. Mathieu coll., G. 8. Ch. Cat. No. 77) 

t nrigeers suena: Preelia Gia WANE: fsccidics csamunias aby ieceen dudasavd opeuaiarsceeusead Leak kanye aveuae p. 89 
A weathered fragment near the apical end, showing siphuncle and septa, the camer 
scarcely obstructed by stereoplasm. The slight curvature scarcely appears in this 
view. Natural size. Machiakou limestone, Tangshan. Chihli. (Cotype, T. C. 
Wang coll. G. 8. Ch. Cat, No. 2). 

Cyrtactinoceras frech? Grabau....... sd Maange 4 Pawhiche's ce eieaa s se vulnibun peek amu bende noe ee p. 89 
A small fragment near the apical end, showing sutures. Enlarged X 2. Machiakou 
limestone, Ghao- Ikou-Chuang, Chihli, (Cotype, G..8. Ch, Cat. No. 88). 

a ee res ney AAI a alas sees w sc se'g a ac Resets Ci sasnbd go venice and hed pioes p. 89 
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Cyrinctinoceras: frecht. Grabaticnvivedcsasseservsasey abapwantiaas cMdtines Reaetag bene eseuad wanes p. 89 
A polished section showing part of the curved siphuncle. Natural size. Machiakou 
limestone, Ching-Chuang, Ning-Yang, Shantung. (Cotype, V. K, Ting coll. G. S. 
Ch. Cat. No. 72). 

OMOCer OS ERGMGUMICN NG GTA BAU veo iavaenrri crateiw vee raensaa se eretiond< wtmner 9 Vaneau de iwoam p. 92 

Polished section of the holotype and only known specimen. Natural size. The 
section shows the siphuncle, empty camera and incomplete septa. In the lower 
right hand portion the lateral continuation of the septa is shown. Machiakou 
limestone, Seng-Chuang, Ning-Yang, Shantung. (Holotype, V. K. Ting coll., G. 
8. Ch. Cat. No. 10). 
The lower part of the same specimen enlarged twice to show more fully the 
geniculated portion ot the septa. 
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PLATE LX. 

Cephalopods from the Barly Upper Ordovician:—Machiakou Limestone. 

Drawings by Ke C. Liu (BERR) 

AGE ORAS SMI CS TATU canna yamnnaueaiwad ses waa sve uaa s eewale oe lane eameace p. 
Lateral view of a characteristic specimen, showing rate of tapering and distance of 
septa. Natural size. 
End view of same. The right side is slightly crushed. Natural size. Machiakou 
limestone, Wén-Nan, Mon-Yin-Hsien Shantung, V. Kk. Ting coll. (Cotype, G. 8. 
Ch, Gat. No. LIT). 

ALctinuearas Hebd (GPa DAU 9 secieaa ys vada v mance a $e eeakea Vane eeen 4 Pee nad eoaeatnka aS aAeeON Ss p- 
A natural section, showing the very slight amount of stereoplasm. Natural size. 
Machiakou limestone, Tangshan, Chihli. (Paratype, Survey Expedition coll. G. 8. 
Ch. Cat. No. 78). 

clctinoceras submaryinale Grabau... ...ccccceeeeees iad hiatichumouniteteaean natal aa ehamiandes p. 
A weathered fragment showing the large submarginal siphuncle, and the septa and 
nearly empty camera. A small part of the shell is preserved in the upper left hand 
area. Natural size. Machiakou limestone, Tangshan, Chihli. (Cotype, G. S. Ch. 
Cat. No. 56). 

AICO LIICRUS : PGMA P Otis: TRCN i cst dette ulatniy gaa agi way SOY haa ai a aaa wuyN ante p. 
A natural weathered section, showing the forward deflection of the lateral diver- 
ticula of the endosiphuncle, Natural size. (See text figure 19 p. 7). Machiakou 
limestone, Lincheng, Shantung, . (I. F. Mathieu coll., G. 5. Ch. Cat. No. 67). 

eletrmocenas. rvehthofend— Wvech. acess dscves dekccds os vadaed ca naicuen Vavs danas fsaaw beak dab e eea p. 
Section of a part of a shell in which the filling of the camer has been ne 
extensive. Natural size. Machiakou limestone, Huo-Luh-Hsien, Chihli. (G.S 
Ch. Cat. No. 64). 

ACL nOCeras 4 CHENG {CTW SP TOCI regis ee gs ad aaists oly sepa e eve ct stes'e siemtalecy a xapGtnen ee eaneaehene yaar p. 
Section showing part of endosiphuncle, and the moderate amount of filling 
characteristic of the camer. Natural size. Machiakou limestone, Chihli (?). 
(Coll. V,, K. Ting, G. 8. Ch, Cat. No. 42). 

Ache onaras: Cte MLC,” WEG livcg 5.7 ves gned saci auaeaoehadmubees hoe plead die avdaiedauee canine p. 
Lateral view of a characteristic internal septate mold, showing rate of lateral 
tapering and flexuous character of suture. Natural size. 
Side view of the same specimen showing the compressed form. On the worn part 
the deep concavity of the septa is indicated. Natural size. 
View of the polished upper end of the same specimen, showing the oval form of the 
shell and the corresponding oval form and centran position of the siphuncele. 
Natural size. 
Median longitudinal section of the same specimen, showing the deep concavity of 
the septa, the character of the nummuli with the median endosiphuncle, and the 
lateral diverticula opening in pores on the outer surface of the nummuli. 
Natural size. 
Surface of the opposite half of the same specimen, separated from 7d by about 1 mm. 
Machiakou limestone, Wén-Nan, Mon-Yin-Hsien Shantung. V. K. Ting coll. 
(Geol. Survey Ch. Cat. No. 107). 

Actmioccras vichtliofene.. KPO CH yo + cca aaions ¢saawigtia Ceganaaiin Ve somewes si aqhileond « bveenice Coos p. 
End view of a fragment of an earlier part of the shell than that shown in fig. 7. 
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with part of outline restored. This shell shows a more acute lateral angle (slightly 
emphasized by compression, and a more nearly circular and proportionately large 
siphuncle. Machiakou limestone, Wén-Nan, Mon-Yin-Hsien, Shantung. V. K. 
Ting coll. (G. S. Ch. Cat. No. 108). 

Siereoplasmioctras aelinaoert forme GYADBU vers vs cnauravivaeerssecinassare eenniees Caawaieux iain’ 
Section through siphuncle, showiug the filling of crystalline limestoue, but without 
regular arrangement as in Actinoceras. Natural size. 

. Lower end of the same specimen. Natural size. Machiakou limestone, Wén-Nan, 
Mon-Yin-Hsien, Shantung. (Cotype, V. K. Ting coll., G@. 8. Ch. Cat. No. 112). 

Longitudinal section of an early portion of a conch, showing character of septa, 
cameree and siphuncle. Natural size. Machiakou limestone, South of Wén-Nan, 
Mon-Yin-Hsien, Shantung. V.K. Ting coll. (Cotype, G. 8. Ch. Cat. No, 112). 

LaF 

p. 69 

Stereoplasmoceras actinoceriforme Grabau.........6. cccccec eee eee eeeeeeeeceeeeen en eeeeenenas p. 69 
. Longitudinal section of a specimen showing hollow nummuli of siphuncle below 
and filling with matrix in upper part. Also irregular pseudosepta and filling of 
stereoplasm. Natural size. : 

. Cross-section of the same. Natural size. Machiakou limestone, Kushan, Chibli. 
(Cotype, V. KX. Ting coll. G. 8. Ch. Cat. No. 60). 

Stereoplasmoaceras pseudoseplatwm Gra DAU p.ccwis wwe sewinnserct oocnens seurders reseed eines p. 66 
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THE ORDOVICIAN CEPHALOPODA 

OF CENTRAL CHINA 
by 

CC Vie 

=D 6 << es aaa 

INTRODUCTION 

When I carried on the field work in Hsien-ning-hsien (& 8%), gathering 

many beautiful well-preserved Silurian fossils in May of the year 1928, Messrs C. Li 

and W. P. Shu had simultaneously made a collection of orthoceracone Nautilids in large 

numbers from the Ordovician beds at San-shan-yuan (= i JR), He-chiao (# #§), and 

some other localities of Ch’ung-yang-hsien (# % #£), distant about sixty li or a little 

more than twenty miles southwest of Hsien-ning-hsien. Moreover, the Ordovician 

cephalopods are also found in the regions to the south-west of Pu-chi-hsien (i Jf J), 

and the south-east of Hsien-ning-hsien. The specimens in this collection are mostly of 

large size, some attaining nearly one meter in length. Nevertheless, their preservation 

is rarely perfect. In the majority of cases these cephalopods are obtained from the 

polished slabs of the dark-gray limestone, where the shell has been partly weathered 

away on one side, while the remaining portion is seldom separable from the rock on the 

other side; and therefore no trace of the surface markings has been recognized. Thus 

the determination of these fossils is based entirely on the internal characters. 

During October of the same year, Mr. Shu and I went to northern Hupeh, and 

in our field work covered the area of I-chéng (# 4%), Chung-hsiang (g# jf), Ching-shan 

(=), Ching-men (J) PY) and Nan-chang-hsien (fj y&). In this trip we collected an 

abundance of delicate fossils from the different geological horizons ranging from Sinian 

to Jurassic, though the Devonian and the Triassic deposits have not furnished fossils so 

far. In this collection the Ordovician cephalopods appear to be one of the dominant 

types. They are very abundant and wide-spread over the region of northern Hupeh. 

As our journey required haste, the time was not sufficient to enable us to stay long 

enough at many of the localities to make more extended collections of fossils. 

The specimens brought back to the Institute from the field during these trips 

amount to a large number. Unfortunately, the paleontological publications are not 
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yet complete enough in our Institute library which was just established last year, so the 

paleontological work is not possible at present at the Institute. Therefore on the 

first of March of the year 1929, Prof. Lee granted me leave to bring this material to the 

Geological Survey in Peiping for the purpose of identification and description. of these 

specimens under the direction of Prof. Grabau, the chief Paleontologist to the Surveys 

After I had finished the work of describing the Ordovician cephalopods brought 

here from our Institute, Prof. Grabau asked me to continue to take up some other 

cephalopods collected by Prof. J. S. Lee and Mr. C. Y. Hsieh, and a similar collection 

presented to the Survey by the late J. Langford Smith. In 1924 Prof. Lee made an 

excursion to the Yangtze Gorges, collecting some cephalopods and many other fossil. 

from the Neichiashan formation. Mr. Hsieh also obtained very abundant Ordovician 

cephalopods, which were partly from the upper part of Tafang limestone at Yang-sing- 

hsien (B #f ¥k), eastern Hupeh in 1923, and partly from the western Hupeh in the 

autumn of the year 1924. Though these collections consist of a large quantity of 

specimens, the number of species is not very great. Besides, the majority of them 

are conspecific, not only congeneric, with those collected by myself, but some specimens 

such as Cameroceras, Protocycloceras etc. have not been met with in the localities of 

northern Hupeh. 

First of all I would express my special indebtedness to Prof. A. W. Grabau for 

his courtesy in giving me much valuable suggestions and criticisms. To Prof. J. S. Lee 
Director of the Institute, Dr. W. H. Wong, Director of the Geological Survey, Dr. V. K. 

Ting, Editor of the Palewontologia Sinica of China and Dr. Y. C. Sun President of the 
Paleontological Society of China I am also indebted for furnishing me every facility for 
carrying on the paleontological work in the Survey laboratory. Finally, I particularly 
tender my deep appreciation to Mr. K. H. Hsii and Mr. Y. S. Chi for their help in the 
photographic work. 

TERMINOLOGY 

All Nautiloids are provided with an external shell, which may be termed ceracone 
or conch. When the shell is straight, it is called orthoceracone; when curved, cyrtoceracone. 
If the conch is curved in a loose coiling manner it is called gyroceracone; and closely 
coiled having the impressed zone, called nautilicone. The embryonal shell is known as 
the protoconch; and the septate shell, the phragmacone. The interior of the shell consists 
of many transverse partitions or septa. The spaces confined between the septa are the 
chambers or camer. The chamber of habitation, body chamber or the living chamber 
is the last chamber occupied by the body of the animal. There is a small hollow tube 
or stphuncle, which passes through all the septa, occupying a different position in differ- 
ent genera, The septa abruptly bend backward and continue to a certain extent around 
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the siphuncle. Their prolongations, called septal necks or septal funnels, are either short 
as in Orthochoanites, or very long as in the Holochoanites. 

In Holochoanites as usually described there is another small axial tube existing in 
the center of the siphuncle, which is called endosiphotube or endosiphuncle by Hyatt or 
prosiphon by Zittel. The siphuncle is more or less solidly filled with thin calcareous 
cones or endosiphosheaths around the endosiphuncle. There is a conical cavity formed 
by the last endosiphosheath, which is termed endosiphocone or endocone by Hyatt. It 
extends forward into the open space of the siphuncle known as the endosiphocylinder 
(endoconal or siphunculay chamber of Hyatt). The endosipholining is the additional 
covering on the inside of the siphuncular wall which is composed of the septal funnels. 

Recently Prof. Grabau has shown that the so-called siphuncle of the Holochoanites 
is homologous with the shell of the Orthechoanites, the endosipholining of the former 
corresponding to the wall of the latter, and the endosiphosheaths to the septa. He has 
proposed the following terms! for use in the shells of Holochoanites, which are adopted 
in the present paper. 

TB LOCO ooo 5d oid ena yao es The outer shell of former authors (exclusive of 

siphuncle). 

EE OCU oo oie wb o8 we sens The siphuncle of former authors. 

POLONIA sou phasiebaweetacca ves The outer shell wall of authors. 

PEMAOUREOE . osc oso wee The inner shell wall or endosipholining of authors 

(often absent). 

VEGIOSOING jig oo'saioiw daw ecwore The septa of outer shell of authors. 

TOUT OSAP TA 3 aaa aa awe en ey The septa of inner shell or the ehdosiphosheaths of 
authors. 

Lows. (pl. WaT) odessa eter nes The prolongations of the ectosepta homologized by 

former authors with the septal funnels of the 
Orthochoanites. 

E NAO PRUNE Esc csascveevce es The siphuncle of the endoconch or endosiphuncle of 

authors. 

ERACONE cc wining ech ahiesass Terminal conical living chamber of endoconch or 

endosiphocone of authors. 

Endocylinder....... 00000000 The endosiphocylinder of authors. 

1. These terms have been published in the Bulletin of the Geological Society of China, Vol. 8, 
No. 2, p. 118. 
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STRATIGRAPHY 

COMPARISON OF THE ORDOVICIAN BEDS IN THE DIFFERENT 

LOCALITIES OF HUPEH. 

Although the Ordovician beds at the different localities in Hupeh have been 

studided and the results published at various times by other geologists and by the 

author, nevertheless they will also be briefly summarized here for convenience in com- 

parison. In the first place we shall take the Ordovician strata in western Hupeh into 

consideration, which region may be regarded as the type locality of Ordovician formations 

in Hupeh province or even in Central China. 

i. Western Hupen:! At Nant’ou on the Yangtze River above I-chang, and on 

the Ta-ning-ho in Ki-sin-ling pass Willis and Blackwelder? found that there is a very 

thick massive limestone overlying the Nan-t’ou tillite and attaining a thickness of more 

than 1,200 meters in the Nant’ou section. They called it the Ki-sin-ling limestone 

and held that it represented the Cambro-Ordovician period. On the uppermost part 

of the Ki-sin-ling limestone, as described by them there are green calcareous shales 

alternating with nodular limestone about 60 meters thick, which directly underlie the 

Sint’an formation. In the spring of the year 1924, Prof. Lee carried on detailed strati- 

graphical work on the geology of the Yangtze Gorge3. He discovered that the so- 

called Ki-sin-ling limestone not only comprises the rocks of Cambrian and Ordovician 

periods, but also the entire Sinian system, the first period of the Paleozoic as proposed 

by Prof. Grabaut. Prof. Lee suggested another group name ‘‘Niukan Group’’ for the 

actual Cambro-Ordovician strata so well exposed in the Niukan Gorge instead of the 

so-called Ki-sin-ling formation. According to Prof. Lee’s proposal the Niukan Group 

may also be, from the fossil fauna point of view, divided into the Shipai shale at the 

rt. Messrs. Hsieh and Liu had taken a geological trip to south-western Hupeh in April of 

1925 (Bulletin of the Geological Survey of China, No. 9), and Mr. H. M. Meng to north-western Hupeh 

in the automn of 1g28 (Memoir of Institute of Geology, No. 8. National Research Institute of China). 

According to their reports the Ordovician beds at these localities are quite similar to those of western 

Hupeh and numerous Orthoceras were also scen in the Neichiashan formation. Now we know that 

the so-called ‘‘Pagoda stone”’ at Hupeh province includes the orthoceracone Nautilids which are not 

only Orthoceras chinense Food, but also many other forms of different species or even of different 

genera as well. It is unfortunate that they did not bring any specimen back. So we can not discuss 

them here. 

2. Willis and Blackwelder: Research in China, Vol. I, pt. 1, pp. 269-272. 

3. J. S. Lee: Geology of the Yangtze Gorge. Bulletin of the Geological Society of China, Vol. 
III, No. 3-4. 

4. A. W. Grabau: The Sinian System. Bulletin of the Geological Society of China, Vol. 

I, p- 44. 
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lower part, and Ichang limestone as well as Neichiashan Series at the Upper, the 

former one denoting the Cambrian deposit and the latter two the Ordovician. The I- 

chang limestone attains a thickness of from 1250 m. to 1680 m. and yields fossils of 

Lower Ordovician age such as Callograptus cf salteri Hall, Proterocameroceras mathieum 

Grabau, Eccyliopterus. sp., Asaphus sp. Archeocyathus chiliensis Grabau, Girvanella 

sinensis Yabe etc. The Ichang limestone is again disconformably overlaid by the Nei- 

chiashan Series, 110 m. thick, which consists of two parts. The lower part is an 

alternation of green, calcareous shales and brownish yellow or light gray limestone 

characterized by Tviplecia (Yangtzeella) polot (Martelli) Kolarova, and Clitambonites 

givaldit Martelli; and the upper one is a dense gray limestone crowded with abundant 

Orthoceras. This series has furnished besides Triplecia (Yangtzeella) polot Martelli, and 

Clitambonites girald1i Martelli, the following: Ovthis calligramma Dalm., Eccyliopterus 

sinensis Frech, Vaginoceras duplex Wahlenberg, Discoceras eurastaticum Frech, Endo- 

ceras sp., Cycloceras sp., Cyrtoceras sp., Asaphus cf expansus Dalm., and many 

specimens of Orthoceras. A preliminary determination of the cephalopods in this 

collection was made by Prof. Grabau, but some are missing from the Geological Museum 

of Peking University except the specimens of Orthoceras chinense Foord, Discoceras 

eurasiaticum Frech and the so-called Cyrtoceras which now is known as Meloceras 

astaticum Yabe. During the autumn of 1924 Messrs. C. Y. Hsieh and Y. T. Chao again 

carried on field work in the western part of Hupeh' and collected one species of 

cephalopod from the Ichang limestone and a lot of them mainly from the upper part of 

the Neichiashan formation at the places near Lo-jo-ping and Chien-yang-ping. Prof. 

Grabau asked me to make a thorough study of these cephalopods of which he has made 

a preliminary examination. The material includes the following species: 

a. From Ichang limestone 

Cameroceras cf. styliforme Grabau 

b. From Neichiashan formation (upper part) 

Cameroceras tenuiseptum Hall var. ellipticum Yt 

Cameroceras hsteht Yt 

Cameroceras subtitle Yii 

Cameroceras sp. 

Vaginoceras netchtanense Yii 

Vaginoceras reedt Yu 

Vaginoceras multiplectoseptatum Yi 

rt. C. Y. Hsieh and Y. T. Chao: Geology cf I-chang, Hsing-shan, Tze-kuei and Pa-tung dis- 

tricts, W. Hupeh. Bulletin of the Geological Survey of China. No, 7. 
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Orthoceras chinense Foord 

Orthoceras regulare Schlotheim 

Orthoceras squamatulum Barrande 

Orthoceras thyrsus? Barrande 

Orthoceras yangtzeense Yii 

Orthoceras? wongi Yi 

Protocycloceras deprati Reed 

2. Eastern Hupre: The stratigraphical work of eastern Hupeh had been 

done by Mr. Seijiro Noda! , but his classification was found incorrect by Messrs. Hsieh 

and Liu who were sent by the Geological Survey of China to study the geology of 

Yang-sing and other districts? in the autumn of 1923. They reported that the Ordovician 

limestone at these localities is very thick and gray in colour. Because it was first found 

at Ta-fang village in Yang-sing district, the Ordovician formation is called Tafang 

limestone. Its actual thickness is unknown, because the basal part is not exposed. 

Some Orthoceras and brachiopods are found in the limestone, and are very abundant 

together with some trilobites in a layer of purple calcareous shale about 20 m. thick on 

the top of the formation, which is regarded as the equivalent of the upper part of the 

Neichiashan Series. The cephalopods of the collection now preserved in the laboratory 

of the Survey are: 

Vaginoceras belemnitiforme Holm 

Vaginoceras endocylindricum Yii 

Vaginoceras uniforme Yii 

3. Souru-easteRN Hupen: According to Mr. Li’s Report3 on the geology of 

Pu-chi, Hsien-ning etc., it is shown that the Ordovician exposed in that area 
is made up of limestone, which appears to be divided into two divisions. The 
lower division is a thick-bedded dark gray limestone, of which the exposed thickness 

amounts to about 500 m. The upper division consists of an alternation of reddish 
thin-bedded limestone and calcareous shale, which attain a thickness of 140 m. overly- 
ing a layer of the yellowish gray thin-bedded limestone 30 m. thick at its base. Many 
cephalopods of large size were obtained, especially from the basal bed of the upper 
division. A comparison of this upper division with the Neichiashan formation of 
western Hupeh brings out the fact that though other fossils than the cephalopods in 

i. Geographical research in South China, Vol. II, pp. 241-281. 

2. C.Y. Hsieh: Stratigraphy of south-eastern Hupeh. Bulletin of the Geological Society of 

China, Vol. III, No. 2. : 

3. ©. Li: Geology of Pu-chi, Kia-yu, Hsien-ning, Chung-yang and Wu-chang districts, Hupeh 
Province. Memoir of the Institute of Geology, No. III, National Research Institute of China. 
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that formation have not been found in this upper division, and though their lithological 
characters also differ to some degree, nevertheless some cephalopods from this division 
are of the type of those common in the upper part of Neichiashan formation on the 
one hand and others correspond to those obtained from the top of Tafang limestone 
on the other. It is quite possible to say that this upper division may be compared 
with the upper part of Neichiashan formation. The cephalopods secured from this 
division include the following species : 

Endoceras leet Yui 

Vaginoceras wahlenbergi Foord. var. cylindrica Yii 
V aginoceras endocylindricum Yi 

Vaginoceras peiyangense Yii 

V aginoceras shut Yu 

V aginoceras neichianense Yu 

Vaginoceras uniforme Yii 

Vaginoceras giganteum Yu 

V aginoceras sp. 

Orthoceras chinense Foord var. eccentrica Yit 

Orthoceras chinense Food var. equiseptatum Yu 

Orthoceras rudum Yu 

Orthoceras sunt Yu 

Orthoceras elongatum Yu 

Orthoceras sp. 

Lituites lit Yu 

4. Norrwern Hueenw: In northern Hupeh' the Ordovician deposit is quite 

similar to that in the western part of Hupeh, comprising the so-called Ichang limestone 

in the lower part and the Neichiashan formation in the upper. The former attains a 

thickness of more than one thousand meters while the latter is rather thin in proportion, 

having only a total thickness of about eighty meters or a little more. The Neichia- 

shan formation also consists of two parts. The lower part is yellowish green shale 

about twenty meters thick, and the upper is light greenish argillaceous limestone 

reaching a thickness of sixty meters or more. It is to be noted that this formation is 

distributed over a wide area in Hupeh province. As we travelled across these localities 

namely: Nan-chang, Chung-hsiang, I-cheng, Chingshan and the southern border 

of Hsiang-yang-hsien, the Neichiashan formation with its striking cephalopod fauna 

1. C.C. Yui and W. P. Shu: Geology of Hsiang-yang, Nan-chang, I-cheng, Ching-men, 

Chung-hsiang and Ching-shan districts, North Hupeh. Memoir of the Institute of geology, No. VIII, 
National Research Institute of China. 
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was frequently met with here and there. Its upper part or the limestone bed is charac- 

terized by the different forms of Orthochoanites and Holochoanites, and its lower part 

or the shale bed yields the well-preserved specimens of Graptolites, Trilobites, Brachio- 

pods and some others, but not the characteristic Yangtzeella polot (Martelli) which, 

however, occurs very abundantly in western Hupeh. This formation has so far furnished 

the following fossils : 

a. In the upper part of the Neichiashan formation. 

Endoceras grabaut Yu 

Vaginoceras (Endoceras) wahlenbergi Foord 

Vaginoceras chientzekouense Yu 

Orthoceras chinense Foord 

Orthoceras chinense Foord var. kuangchiaoense Yu 

Orthocecas chinense Food var. equiseptatum Yu 

Orthoceras cf. politum M’Coy 

Orthoceras remotum Yu 

Orthoceras densum Yu 

Orthoceras sp. 

Cycloceras sp. 

b. In the lower part of the Neichiashan formation. 

Didymograptus murchisont Beck 

Orthis calligramma Dalm. 

Dalmanella sp. 

Leperditia sp. 

Asaphus gigas var. hupehensis Sun 

Tathungshania shut Sun 

Illenus nanchangensis Sun 

Bathyurus minor Sun 

Bronteus sp. 

THE GEOLOGICAL HORIZON OF THE SO-CALLED N EICHIASHAN 

AND ICHANG FORMATIONS. 

So far as we know, the upper part of the Ichang limestone belongs to the Lower 
Ordovician, for Prof. Lee and Mr. Hsieh had collected, in beds not far from the base of over- 

lying Neichiashan formation, some fossils, which, according to Prof. Grabau’s deter- 
mination, are of Lower Ordovician age. But the age of the lower part of [chang forma- 
tion already discussed by Yabe, Hsieh and others is quite uncertain. Prof. Grabau, 
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however, believes it is more likely of Lower Ordovician rather than Cambrian age. 
Unfortunately, Mr. Shu and I also have not discovered, in our extensive journey in 

northern Hupeh, any characteristic fauna other than the so-called Archeocyathus from 
the basal part of Ichang formation, which could throw more light on this unsettled 
question. 

The geological horizon of the Neichiashan formation has been considered by 
many previous authors to be Middle Ordovician or lowest Upper Ordovician. Mr. 
Shu and I obtained from the lower part of this formation just underlying the cephalopod- 
bearing bed at Tai-hung-shan, 3 li west of Nan-chang district, many specimens of a well- 
preserved characteristic graptolite, namely Didymograptus murchisoni Beck, which had 
not been found by any former traveller in Hupeh province and its neighbouring 
localities. From this characteristic graptolite we may readily conclude that 
the lower part of the Neichiashan formation actually corresponds to the 
Didymograptus murchisoni zone of the British Ordovician rocks, while the cephalopods 
contained in the upper part of the formation and described in the present paper 
show approximate equivalency to the Orthoceras limestone of Sweden and the 
Vaginoceras limestone of the Baltic province of Russia. 

THE RELATIONSHIP BETWEEN THE ORDOVICIAN CEPHALOPODS FROM HUPEH, 

CENTRAL CHINA AND THOSE FROM THE CORRESPONDING HORIZON IN 

NORTHERN AS WELL AS SOUTHERN CHINA. 

Before comparing the cephalopod faunas of North and Central China, we must 

summarize the distribution of the Ordovician cephalopods collected at various times 

from the different localities in China. 

I. In Mancuuria. 

a. From Hsiau-sorr, Fengtien, Richthofen collected the following form which 

was described by Frech! and referred by him to the Upper Ordovician. 

Prof. Grabau, however, recognized that this bed is of the same horizon 

as the Machiakou limestone in Chihli. 

Actinoceras richthofeni Frech 

b. In the year 1928 T. Kobayashi described many Ordovician cephalo- 

pods from Corea and South Manchuria.? Those collected from the Tofango 

fossil bed at To-fan-go and Niu-shin-tai of Fengtien province are of the same 

horizon as the Machiakou limestone. The species are as follows: 

i. F. Frech: In Richthofen’s China, Vol. V, p. 8. 

2. T. Kobayashi: Ordovician Fossils from Corea and South Manchuria. Japanese Journal of 
Geology and Geography, Vol V, No. 4. 
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Cycloceras (2) peitoutzense Grabau 

Stereoplasmoceras pseudoseptatum Grabau 

Stereoplasmoceras submarginale Kobayashi 

Stereoplasmoceras subcentrale Kobayashi 

Tofangoceras pauciannulatum Kobayashi 

Tofangoceras irregulare Kobayashi 

Actinoceras vichthofeni Frech 

Actinoceras tani Grabau 

Actinoceras coulingi Grabau 

Actinoceras manchurense Kobayashi 

Actinoceras submarginale Grabau 

Actinoceras nanum Grabau 

Actinoceras hariot Kobayashi 

Actinoceras suanpanoides Grabau 

Actinoceras curvatum Grabau 

Actinoceras murakamit Kobayashi 

Cyrtactinoceras mitsuishit Kobayashi 

Discoactinocras multiplexum Kobayashi 

Cyrtoceras (Meloceras) aff. asiaticum Yabe 

2. In CHIBLI. 

a. Many cephalopods were obtained by different individuals from the Ma- 

chiakou limestone and the Lower Ordovician beds at Kai-ping basin, Shih- 

mun-chai and some other places, and described by Prof. Grabau.' 

(a). Machiakou limestone 

V aginoceras tsinanense Grabau 

Cycloceras? peitoutzense Grabau 

Stereoplasmoceras pseudoseptatum Grabau 

Stereoplasmoceras machiakouense Grabau 

Stereoplasmoceras actinoceriforme Grabau 

Actinoceras richthofeni Frech. 

Actinoceras tant Grabau 

Actinoceras coulingi Grabau 

Actinoceras submarginale Grabau 

Actinaceras nanum Grabau 

Cyrtactinoceras frecht Grabau 

1. A. W. Grabau: Ordovician Fossils from North China. Paleontologia Sinica, Ser. B., Vol. 

I. fase. I. 
: 
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(b). Lower Ordovician limestone 

Proterocameroceras mathieut Grabau. 

Cameroceras styliforme Grabau 

Chihlioceras nathani Grabau 

Chihlioceras chingwangtaoense Grabau 

Piloceras platyventrum Grabau 

Suecoceras yehliense Grabau 

Suecoceras attenuatum Grabau. 

b. Mr. T. K, Huang had gathered some cephalopods from Hsi-shan or Western 
Hills of Peking?. 

(a) Machiakou limestone 

Stereoplasmoceras pseudoseptatum Grabau 

Actinoceras coulingi Grabau | 

Aciinoceras suanpanoides Grabau 

(b) Peilintze limestone 

Proterocameroceras minor Grabau 

Proterocameroceras mathieui Grabau 

Piloceras platyventrum Grabau 

Chihlioceras nathanit Grabau 

Chihlioceras sp. 

3, In SHANTUNG 

Many cephalopods have been obtained. These were described by several authors. 

a. Samuel Couling had collected from the locality near Ching Chow Fu, Kiao- 
chow, two different forms of cephalopods which G. C. Crick? described as 
those named below. Prof. Grabau,3 however, considered them the same as 
the forms in brackets from the Machiakou formation. 

Actinoceras (Ormoceras) aff. tenuifilum Hall (=Actinoceras cou- 

lingt Grabau). 

Gontoceras sp. (cf. Gontoceras shantungense Grabau). 

i. T.K. Huang: On the Cambrian and the Ordovician Formations of Hsishan or Western 
Hills of Peking. Bulletin of the Geological Society of China, Vol. VI, No. 2. 

2. G.C. Crick: Straight shelled Nautiloidea from North China. Geol. Mag. London., N.S., 
dec. IV, Vol. X, P. 481. 

3. A.W.Grabau: Loc. cit, pp, 83, 84, 91-93. 
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b. Frech? reported that there are in the British Museum some specimens of 

Upper Ordovician cephalopods from Shantung, but the exact locality is 

unknown. These fossils seem to be equivalent in horizon to those of 

Couling’s collection. 

Actinoceras sp. 

Trochoceras sp. 

c. Willis and Blackwelder collected some cephalopods from the Tsinan_lime- 

stone of Middle Ordovician age at the following localities. Chau-mi-tien, seven 

and a half miles S.S.E. of Sin-tai-hsien, NE of Tsai-kia-chuang, two and 

seven-tenths miles SW of Yen-chuang and some other places near Tsi-nan. 

These cephalopods were only generically identified by Weller? . 

Orthoceras sp. (several) 

d. Prof. Grabau described the following forms’ and considered them from the 

same horizon as the Machiakou limestone. 

Stereoplasmoceras pseudoseptatum Grabau 

Stereoplasm ceras machiakouense Grabau 

Actinoceras richthofeni Frech. 

Actinoceras tani Grabau 

Actinoceras coulingt Grabau 

Actinoceras suanpanotdes Grabau 

Actinoceras curvatum Grabau 

Cyrtactinoceras frecht Grabau 

Gontoceras shantungense Grabau 

4. In Honan 

One species of Actinoceras has been obtained from the Machiakou limestone 

of Hsi-hsien‘ 

Actinoceras coulingi Grabau 

5. In Kianesu Province 

a. One form of cephalopod from Richthofen’s collection at Lun-shan had been 

identified by Frech® with the following species apparently representing the 

I. 

2. 

F. Frech: In Richthofen’s China, Vol. V, p. 14. 

S. Weller: A Report on Ordovician Fossils collected in Eastern Asia in 1903-4. In 
Research in China, Vol. III, pp. 279-280. 

3. A. W. Grabau: Ordovician Fossils from North China. Palwontologia Sinica, Ser. B. 
Vol. I., fasc. I. 

4. A. W.Grabau: Loc. cit. 

5. Frech: Richthofen’s China, Vol. V. p. 2. 
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same geological horizon as those beds from the neighbourhood of I-chang 

which bear the fossils such as Orthoceras chinense Foord, Discoceras eurasia- 

ticum Frech etc. 

Endoceras duplex Wahlenberg. 

b. Mr, K. Weimann Hsii also obtained some cephalopods! from the Lunshan 

limestone in the year 1924. According to Prof. Grabau’s determination 

they are the same as the Lower Ordovician forms characteristic of the Pei- 

lingtze formation and Yehli limestone as follows : 

Proterocameroceras mathieui Grabau 

Suecoceras attenuatum Grabau 

6. In CHexkrana. 

Messrs. C. C. Liu and Y. T. Chao? had found the following form existing in 

a bed of purple calcareous shale with limestone-lenses at the top layer of the 

Yenwashan formation of Middle Ordovician. 

Orthoceras chinense Foord. 

7. In Hupra Province 

Many collections of fossils were made by geologists, of which the cephalopods 
are the only ones concerning us here. 

a. Frech considered the following cephalopods from western Hupeh3 as refer- 

able to an Upper Ordovician fauna. However, they are now known to be 

of Middle Ordovician age. 

Orthoceras chinense Foord 

Cyrtoceras (Meloceras) cf. ellipticum Lossen 

Lituites (Anctstroceras) angelini Boll. 

Discoceras verbeckt Frech. 

Discoceras eurastaticum Frech. 

b. The following forms form Pan-tse-ya, Hu-hsi, Hsing-shan-hsien had been 

gathered by Noda‘ in a brownish marly limestone, which is thought to be the 

so-called Neichiashan formation. 

t. See ‘‘Science’’. Science Society of China, Vol. X, No. 4, p. 452. The forms in Mr. Hsii’s 

collection are entirely distinct from those found by Richthofen. The relationship between these beds, 
which yield the different forms fossils at these two collections, is quite unknown. In this respect 

further researches in that locality would be necessary for settling this question. 

2. C.C. Liuand Y. T. Chao: Geology of south-western Chekiang. Bulletin of the Geolo- 

gical Survey of China, No. 9. 

3. Frech: In Richthofen’s China, Vol. V. pp. 4-1o. 

4. In Yabe and Hayasaka’s Paleontology of Southern China, p. 36. 
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d. 

8. In THR 
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Actinoceras (Ormoceras) sp. undt. 

Orthoceras chinense Foord. 

Cyrtoceras (Meloceras) astaticum Yabe 

Grabau'! identified a specimen of Actinoceras figured by Yabe? from No-lu- 

ping, Hu-hsi, Hsing-shan-hsien as Actinoceras coulingi Grabau. 

At No-lu-ping, Tung-hu-hsien, S. Usui’ found some cephalopods in the lime- 

stone, grey in colour and earthy in texture, which is directly overlain by the 

Silurian deposits. From the stratigraphical point of view the fossiliferous 

horizon of No-lu-ping seems without doubt to be the Neichiashan forma- 

tion. 

Lituites (Ancistroceras) angelini Boll. var. 

Discoceras eurasiaticum Frech 

Discoceras sp. undt. 

Orthoceras sp. undt. 

Orthoceras sp. undt. 

Prof. Lee, Messrs. Hsieh, Liu, Chao, Li, Shu and I have collected from the 

upper part of N eichiashan formation and its corresponding beds at different 

localities in Hupeh province, numerous forms of cephalopods which have been 

listed above. Others have been supplied by the late Mr. J. Langford Smith. 

PROVINCE OF SZE-CHUAN 

Only one form of cephaloped was obtained from the uppermost Ki-sin-ling 

limestone of Middle Ordovician age at Su-kia-pa along the Ta-ning-ho, and 

identified by S. Weller'. 

V aginoceras sp. 

g. Bretwken YANG-KO-LA, CHI--CHIANG-HSIEN, SZR-CHUAN PROVINCE, AND CHU-TIEN-YA, 

KweEI-CcHOU PROVINCE, 

Yamada obtained two species of cephalopodss . 

Orthoceras chinense Foord 

Orthoceras sp. 

1. Grabau: Ordovician Fossils from North China, Paleontologia Sinica, Ser. B, Vol. I, Fasc. 

2. Yabe and Hayasaka: Paleontology of Southern China, pl. XIX, fig. g. 

I. pp. 83, 84. 

3. Lo 

Ae Ss 

c. cit. p. 37. 

Weller: A Report on Ordovician Fossils collected in Eastern Asia in 1903-4. In 
Research in China, Vol. III, p. 281. 

5. In Yabe and Hayasaka’s Paleontology of Southern China, p. 38. 
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10. Iw western’ YUNNAN 

Middle Ordovician fossils have been obtained in three localities 7.e. Pu-piao, La- 

meng and Shih-tien, of which the last named has furnished the largest 

number of species of cephalopods (ident. by Cowper-Reed*), 

a. Pu-piao 

Orthoceras sp. 

b. La-meng 

Orthoceras sp. 

c. Shih-tien 

Endoceras wahlenbergi Foord 

Endoceras cf. cancellatum Eichw. 

Endoceras aff. reinhardi Boll. 

Orthoceras regulare Schl. 

Orthoceras cf. kinnekullense Foord. 

Orthoceras cf. scabrium Ang. 

O. (Protocycloceras ?) deprati Reed. 

Actinoceras cf. bigsbyi Brown 

Jovellania sp. 

Cameroceras ? sp. 

Cyrtoceras sp. 

Spyroceras ? sp. 

Trocholites yunnanensis Reed 

T. aff. macromphalus Schrod 

Lituites sp. 

Tarphyceras °? sp. 

According to Reed the fossiliferous beds at Shih-tien is probably equivalent to the 

“Vaginatenkalk” of the Baltic province, but may represent the ‘‘Echinospheritenkalk”’ 

of Scandinavia and of the Baltic province of Russia. 

So far as these cephalopods listed above are concerned, we can immediately re- 

cognize the following facts: (1) in the Middle Ordovician the Actinocers, which is very 

characteristic and abundant in North China, is very rare in Central as well as South 

t. Reed: Ordovician and Silurian Fossils from Yun-nan. Palgontologia Indica, N. S., vol. 

VI. No. 3, pp. 62-64. 
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China; (2) the cephalopods of Shih-tient such as V aginoceras (Endoceras) wahlenbergi 

Foord, Orthoceras regulare Schl., Protocycloceras deprati Reed, etc. are also found in the 

probably contemporaneous beds of the Neichiashan formation at Hupeh; (3) among 

these collections from Hupeh described in the present paper, only a few forms namely 

Cameroceras tenuiseptum Hall var. ellipticum Yt, Cameroceras hsieht Yi, etc. may be 

compared with North American species, but the rest have characters in common 

only with European types, though they are not generally conspecific with them. 

Prof. Grabau has suggested that the Sino-European Ordovician fauna was de- 

rived from the Indian Ocean? which invaded the southern part of the East Cathaysian 

geosyncline in China on the one hand, and penetrated to western Europe by way of the 

Himalayan trough on the other. He based this primarily on the apparent migration of 

the graptolites in the Lower Ordovician period’. According to Grabau’s interpretation 

we can understand why the Middle Ordovician cephalopods from Hupeh province 

which was probably covered by the southern waters, are closely related to those from 

South China as well as Europe, and are quite distinct from the North Chinese and 

North American types which belong to another source, 7. e. the Boreal province. 

One may argue that if the Indian Ocean was the home of the Sino-European 

Ordovician faunas, why should the characteristic Vaginoceras (End.) wahlenbergi Foord, 

which according to Foord’s description‘ was collected from the Orthoceras-Limestone 

(referred by him to the Arenig) at typical localities in Sweden, Norway, Russia etc., 

makes its first appearance in the Middle Ordovician beds of southern as well as central 

China where the distance from the Indian Ocean is much nearer than that in the 

western Europe. Now this question is easily answered if we have read over what is 

called ‘Comparison of American and European Lower Ordovician formations’ by Prof. 

Grabaus in which he corrected the old misconception of the unity of the ‘“Orthoceras 

limestone’. In Kinnekulle, Sweden the general Ordovician succession is as follows: 

1. Mr.S.S. Yoh had obtained many fossils, which are quite comparably to Brown’s collection 

from the Middle Ordovician beds of Shihtien, from the Shihtzupu shale at Shih-tzu-pu, 10 li north of 

Tsung-yi district, Kuei-chow Province. But he did not find any cephalopod. (Bulletin of the Geol. 

Surv. of China, No. 11, p. 33.). 

z. Grabau: China in the Ordovician Period. Bulletin of the Geological Society of the Nation- 
al University, Peking, Vol. III, pp. 9-22. 

3. Grabau: Origin, Distribution, and Mode of Preservation of the Graptolites. Memoir of the 

Institute of Geology, No. VII, pp. 1-52. National Research Institute of China. 

4. Foord: Catalogue of Fossil Cephalopoda, Pt. I., pp. 136-140. 

5. See Bulletin of the Geological Society of America, Vol. 27, pp. 555-622. 
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Silurian 

Ordovician 

Brachiopod shale 
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Trinucleus shale 
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Formerly the name of ‘‘Orthoceras limestone’ was applied to a limestone 

series included within the graptolite-bearing shales of the Ordovician and 

since the Lower Didymograptus shale (Phyllograptus shale) is early Arenig, the 

Orthoceras limestone was also referred to the Arenig. Since there is a hiatus exist- 

ing between the Lower gray or Asaphus limestone and the Lower red or Limbata lime- 

stone, the latter is now united (when the Lower Didymograptus shales are absent) with 

the Planilimbata limestone, the combined series being called ‘‘Megalaspis limestone’. 

The name “‘Orthoceras limestone” is now restricted to the 3 limestones overlying the 

hiatus, namely the Lower gray limestone, the Upper red limestone and the Upper gray 

limestone, and these represent the later Llandeilan or late Middle Ordovician age. From 

the ‘List of the Fossil Faunas of Sweden’”’ we find that the species Vaginoceras (End.) 

wahlenbergi Foord, Vaginoceras (End.) vaginatum Schloth, and some other forms were 

actually found in the Lower gray Orthoceratite Limestone,' in other words they occur 

in the same horizon as in China. Foord’s statement, of course is not correct. 

1. G. Lindstrom: List of the Fossil Faunas of Sweden, I., pp. 9-10. 





DESCRIPTION OF SPECIES 

Class CEPHALOPODA 

Order NAUTILOIDEA Zittel 

Suborder Holochoanites Hyatt 

Family ENDOCERATIDAE Hyatt 

Genus CAMEROCERAS Conrad (emend. Hyatt) 

Cameroceras cf. styliforme Grabau 

Plate I., Figs. 1-3 

1922. Cameroceras styliforme Grabau: Ordovician Fossils from North China, p. 39, pl. IV, figs. 4-6. 

There are a number of black, slender and cylindrical structures adhering to the 

weathered surfaces of dark gray limestone fragments, collected from western Hupeh by 

Mr. Hsieh. The exterior of the material has been so deeply eroded that one cannot 

distinguish in the field what types are represented. After separating it from the rock 

and slicing it into sections it becomes apparent that we are dealing with the endoconch of 

Cameroceras, or of Proterocameroceras. These structures are represented only by frag- 

ments. One of them (Plate I., Fig. 2) measures about 4o mm. in length. Its cross section 

is slightly oval, being 11.5 mm. in transverse, and 10 mm. in dorso-ventral diameter at the 

upper end. The ventral side is slightly flattened. The endoconch is provided with an 

endotheca, which has been partly preserved through protection from weathering by the 

country rock. The endotheca is rather thin, and its surface is clearly marked by the 

ectoseptal edges, which are oblique to the ventral side forming with it an angle of about 

60°. Owing to the fact that the specimen is much eroded, the character of the ectosep- 

tal annulations on the ventral side is entirely unknown, therefore the position of the 

endoconch is rather uncertain. The ectoseptal distances, as shown by these edges on 

the lateral side, are very uniform, reaching 2 mm. more or less. In the interior of the 

endoconch there are some endosepta. The spaces between them are wholly filled with 

the white crystalline deposit, but the endocone is empty, and assumes a semi-lunar 

section with a flat base, corresponding to the ventral side of the endoconch. In another 
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specimen (Plate I., Fig. 3) the apical angle of the endosepta shown in the longitudinal 

section is about 25°. Endosiphuncle not observed. 

Remarks: The apical portion of the endoconch has not been preserved in the 

specimen now at hand, so its generic identification (either as Cameroceras or Protero- 

cameroceras) is not quite certain. According to its shorter length and other respects it 

may be compared with Grabau’s species! collected from the Liangchiashan limestone 

of Liang-chia-shan near Ching-wang-tao, eastern Chihli. 

Horizon anp Locauity: From the upper part of Ichang limestone at Lo-jo-ping 

of I-chang-hsien (Coll. C. Y.Hsieh) 

Cameroceras tenuiseptum Hall var. ellipticum YU (var. nov.) 

Plate II., Figs. 1 and 2. 

1847. Orthoceras tenuiseptum, Hall. Palaeontology of New York, Vol. 1, p. 35, pl. VII, fig. 6. 

1902. Orthoceras tenuiseptum, Raymond. Am. Pal. Bul. Vol. I, No. 14, p. Ig. 

1906. Cameroceras tenuiseptum, Ruedemann: New York State Museum. Bul. go, p. 408, pl. 3, figs. 

1,2; pl. 4, fig. 1; pl. 5, figs. 5, 6; pl. 6, fig. 2. 

This form is only represented by fragments of the internal mold. Neither the 

apical end nor the larger extremity is preserved. It had suffered so deeply from wea- 

thering that the outer layer of the mold has turned into a very Soft yellowish substance. 

The ectoconch is robust and cylindrical in form. It is elliptical in cross section, the 

ratio between the two diameters being 4:3, It tapers gently at the rate of nearly 1:13. 

The ectoseptal distances are very closely arranged, varying from 4-5 mm., while 

the longer diameter of the ectoconch measures 43-50 mm. Roughly speaking the 

ectosepta are distant about one tenth the longer diameter. The depth of the ectosepta 

is very high, equalling that of three camere. The ectosepal sutures are slightly un- 

dulating. The ectoseptal chambers are more or less free from the organic deposit 

except a few of them, in which the stereoplasmic deposit extends from the margin of the 
shell toward the interior and stops at some distance from the endoconch. 

The endoconch is situated in close juxtaposition to the outer shell. Its cross 
section too is elliptical. The endosepta have not been observed. The empty endocy- 

1. loc. cit. 
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linder is very large and its major diameter is practically equivalent to 1/2 that of the 

ectoconch. Ina favourable light the endotheca may be clearly seen along the inner side 

of the invaginated tubi. 

Comparison: So far as we know, the form, which bears the closest resemblance 

_ to this specimen, is Cameroceras tenuiseptum Hall. The transverse sections of the 

ectoconch and the endoconch of Hall’s species are circular, but those of the present form 

are both elliptical. Moreover, the ectosepta of the latter are comparatively more widely 

separated than are those of the former. 

Horiwon anp Locaniry: This variety was obtained by J. L. Smith and C. Y. 

Hsieh respectively from the upper part of Neichiashan formation at Nei-chia-shan 

near Sin-tan, Tze-kuei-hsien. 

Cameroceras hsiehi Yii (sp. nov.) 

Plate I., Figs. 4a-b. 

Shell straight, slender, gradually tapering at the rate of rin 10. The cross section 

of the ectoconch is elliptical, having its two diameters at the ratio of 11:9. Neither 

extremity preserved. The septate fragment measures little less than 80 mm. in length. 

The interspaces between the ectosepta are rather short, being about from 1/6 to 

1/5 the longer diameter of the ectoconch. They are 3.5 mm. distant from each other in 

the lower preserved end and 6 mm. in the upper, while the corresponding longer diame- 

ters of the ectoconch are 22 mm. and 30 mm. respectively. The ectosepta are very deep, 

with a concavity equal to the depth of one and one half camerse. The tubi have a 

length of more than one camera. 

The endoconch is large, about one third the longer diameter. Under the magnifier 

we can clearly see that along the inner sides of the tubi the endotheca characteristic of 

the genus Cameroceras is present. The endoconch is perfectly circular in outline. Its 

position is in contact with the ectoconch. Only the last endoseptum is exposed, and the 

space below it is wholly filled with calcite. The sides of the endocone seem to be 

undulating. 

In the empty camer there is a slight and irregular organic lime-filling deposited 

along the margins of some ectosepta. Test not preserved. 
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Compartson: This species agrees in some repects with Cameroceras brainerdi 

Whitfield from the Fort Cassin beds along the shore of Lake Champlain, but our shell 

has an endoconch of circular section and the rate of tapering is much more rapid. 

Another one nearer to this is Cameroceras tenuiseptum Hall’, but the present form 

differs from it in having an elliptical shell section, a smaller endoconch and the relative- 

ly more separated ectoseptal distances. From the preceding variety of that species the 

present shell differs in having the circular and smaller endoconch. 

Hortzon anp Locauity: Only one specimen was obtained from the upper Neichia- 

shan formation near Sin-tan by Mr. Hsieh, in whose honour the specific name is given. 

Cameroceras subtile Yii (sp. nov.) 

Plate I., Figs. 5 a-b. 

This species is known only from a fragmentary phragmacone, which is straight 

and cylindrical in external form. Both the cross sections of the ectoconch and the 

endoconch are elliptical. The two diameters of the ectoconch have the proportion of 

3:2. This fragment reaches a length of a little less than 60 mm. The rate of growth 

may be computed as I:10 approximately. 

The ectosepta are distant almost uniformly, being about 5 mm., while the 

ectoconch measures 28 mm. in longer diameter at the lower preserved end and 31 mm. at 

the upper. The ectoseptal sutures are flexuous with a strong concavity exceeding the 

depth of one camera. The latter are filled with yellowish red matrix. The ectosepta are 

lined by a thin layer of the organic stereoplasm about one half millimeter in thickness. 

The tubi are visible, extending a short distance beyond the preceding septum. 

The endoconch is provided with an endotheca, which is clearly shown even to the 

naked eye. It attains amaximum width of about 1/3 that of the outer shell. It is 
subcentral in position but does not contain the endosepta in this fragment. The 
ectotheca has been completely weathered away and the surface of the internal mold only 

shows the undulating ectoseptal edges. 

1. Ruedemann: Cephalopoda of the Beekmantown and Chazy formation of the Champlain 
Basin, p. 405, DL 1, figs. 5, 6, pl. Il, fig, 2. 

2. loc. cit. 
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Comparison: This species somewhat approaches to Cameroceras bratnerdi 

Whitfield in some respects, but the former has the tapering more rapid and the 

endoconch not marginal as in the latter form. It may also be compared with Camer- 

oceras hsiehi, but differs from it in having the subcentral and elliptical endoconch. 

Horizon anp Locanitry: This form was obtained from the same horizon as the 

preceding species near Sin-tan. (C. Y. Hsieh Coll.) 

Cameroceras sp. 

Plate II., Fig. 3. 

This form is too fragmentary for specific determination. The septal portion 

preserved only contains four camerve, and has a length of 45 mm. Owing to the fact 

that the specimen is much eroded, the cross section of the ectoconch and the rate of 

tapering can not be determined. 

Ectosepta gently concave, having a depth of nearly 2/3 that of the camera. The 

ectoseptal interspaces increase very slightly in distance, being nearly equal to 2/5 the 

diameter of the outer shell. The septate chambers are wholly empty. The organic 

stereoplasmic deposit occurs only along the interior sides of some camerie. 

The endoconch is marginal. Since it has also been greatly rubbed, neither the 

transverse section nor the size of the inner shell may be determined with any certainty. 

Nevertheless, from what remains we can tell that it is confined externally by the presence 

of an endotheca and filled internally with the calcite deposit. The tubi extend apically 

in an irregular manner and the endotheca also assumes the wavy appearance, following 

the direction of the tubi. 

Undoubtedly the present specimen belongs to the genus Cameroceras in having 

the characteristic endotheca. But its other important properties are too little known, 

hence its specific determination is impossible 

Horizon anp Locatrry: Upper part of Neichiashan formation near Sin-tan. 

t. Ruedemann: Cephalopoda of the Beekmantown and Chazy Formations of the Champlain 

Basin. p. 405, pl. I, figs. 5,6; pl. 2, fig. t. 
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Genus ENDOCERAS Hall 

Endoceras leei Yi (sp. nov.) 

Plate I., Figs. 6, 7a-b. 

Ectoconch straight, cylindrical. Form of cross section unknown. Endoconch 

elliptical, of considerable size and filled with conical endosepta. Ectosepta crowded. 

Tapering of ectoconch very gentle. Endotheca absent. 

This specimen is represented only by a portion of the ectoconch exposed on the 

surface of a polished slab. Its actual length is unknown. The width at the lower 

end of the preserved fragmentary part is 30.5 mm. Ata point about 8r mm. from the 

lower end it has a breadth of 36.5 mm. This gives the rate of tapering about I mm. in 

a length of 13.5 mm. 

The ectosepta are very numerous and strongly concave, with a concavity about 

one and a half times their distance apart at the center. The interspaces between them 

are nearly equal, averaging about 6.5 mm. apart. The ectosepta are provided with 

long tubi, which distinctly show that they extend from the ectoseptum where they 

originate to a distance of one camera toward the apex. 

The endoconch is situated excentrically. Its size is remarkably large, having 

a maximum width of 2/, that of the ectoconch or more. The interior of the endoconch 

is occupied by endosepta tapering off at the center into a narrow endosiphuncle. From 

the cross section at the lower preserved end we find that the endosiphuncle is oval in 

outline, measuring 0.7 mm. and 0.9 mm. in the shorter and the longer diameter respec- 

tively. At the same stage the corresponding longer diameter of the endoconch is 14 mm. 

The endoconch bounded by the last endoseptum has a subtriangular section with an 

apical angle of 20°. 

Both the camerve of the ectoconch and the endoconch are filled with the red lime 

matrix, in which the shell of this specimen is embedded. Many of the ectosepta, 

however, show a slight stereoplasmic thickening on their upper, and more rarely on 

their under side as well. 

There is another specimen (Plate I., Fig. 7.) probably of the same species. The 
endoconch attains a length of nearly 160 mm. The space below the final endoseptum 
of the endoconch has been wholly converted into the crystalline deposit, but the 
terminal endocone is empty. The ectoconch is partly crushed, preserving however 
ectosepta around the upper part of the endoconch. At the lower extremity a very 
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small section of the endosiphuncle may be seen in the central part of the endoconch, 

being about 0.3 mm. in diameter and filled up with the red lime matrix. In the same 

place the endoconch is sub-elliptical in section, measuring 9 mm. in its major diameter, 

and 7mm. in minor. The apical angle of the final endoseptum is nearly the same as 

that in the preceding specimen. The camere of the ectoconch are entirely free from 

any deposit except the ectosepta, which are also slightly thickened as in the preceding 
specimen. 

Comparison: This species bears a close resemblance to Endoceras (Cyclendoceras) 

annulatum Hallt from the Trenton limestone at Watertown New York. But Hall’s 
form has the ectosepta more approximate as compared with the diameter of its 

ectoconch. Moreover, the annulated ectotheca is not recognized with certainty in the 

present species, though there seems to be an indication of it in the undulating profile 

along the sides of the ectoconch in the polished longitudinal section. 

Horizon anp Locanitiss: One specimen (Plate I., Fig. 6.) was collected from 

the red thin-bedded limestone of the upper division of Middle Ordovician age at 

San-shan-yuan (= il J&) and the other (Plate I., Fig. 7.) from the same horizon at 

He-chiao ( @ #§ ), Chung-yang-hsien. The specific name is given in honor of Professor 

J. S. Lee. (Coll. C. Li and W. P. Shu) 

Endoceras grabaui Yij (sp. nov.) 

Plate II., Fig. 4. 

General form cylindrico-conical, more or less elongate, slightly arcuate, gradually 

diminishing toward the apex, and elliptical in cross section; endoconch very broad, 

enclosed by the continuous tubi, not forming a straight tube but giving the sides of 

the endoconch the appearance of an irregular undulation. 

The ectoseptal intervals are slightly variable in their distance apart from one 

another, ranging from g to 11 mm. throughout the whole length of the fragment. The 

ectosepta are thin and very deeply concave, having a convexity of more than one septal 

distance. The ectoseptal tubi are continuous, but extend across the different ectoseptal 

spaces in different ways. Thus some of them are bent inwards; some nearly straight 

and slightly oblique toward the interior; and finally some tubi turn inwards at first and 

gradually backward as well as outwards. 

— 

1. J. Hall: Paleontology of New York, Vol. I, p. 207, pl. XLIV, figs. 1 a,b. 
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The endoconch is elliptical in transverse section, occupying the central position 

of the ectoconch in the preserved part of the specimen. It is readily seen that the 

interior of the endoconch is occupied by an endoseptum in the upper part of the pre- 

served fragment and another one at the lower. The apical angle formed by these 

conical endosepta are nearly the same, or about 10°. The wall formed by the con- 

tinuous tubi appears to have a zigzag outline in section and the width of the endoconch, 

as exposed in the longitudinal section, varies from 7 mm. to 15 mm. narrowing in one 

place and broadening in another. 

Neither the larger nor the smaller extremity has been observed. The fragment 

measures more than one hundred and thirty millimeters in length. The longer diameter 

at the upper end of the shell is 45 mm., gradually contracting toward the smaller end 

which is 25 mm. in diameter. This gives the rate of tapering I in 6.5. 

Ectotheca thin, but its surface characters unknown. No trace of any deposit is 

found within the ectoconch or the endoconch. 

Comparison: This species is somewhat allied to Endoceras magniven‘rum Hall ' 

from the higher part of the Trenton limestone of New York State in the characters of 

the close, strongly concave ectosepta and the undulating wall of siphonal tubi, but dif- 

fers from the latter in the slightly curved ectoconch, much narrower endoconch, and 

more rapid tapering of the outer shell. The same characters are also used for distin- 

guishing it from the preceding species. 

Horizon anp Locanrry: From the argillaceous limestone bed of the Neichia- 

shan formation at the small hill named Shih-lung-sze ( 47 #2 3 ) about to li to the 

west of Wang-chia-chi ( £ # 4 ), I-cheng-hsien. This species is named in honour of 

Professor A. W. Grabau, Chief Paleontologist to the Geological Survey. (Coll. W. P. 

Shu and C. C. Yu) 

Genus VAGINOCERAS Hyatt 

Vaginoceras (Endoceras) wahlenbergi Foord. 

Plate III., Figs. ta—b. 

1888. Endoceras Wahlanbergi, Foord: Catalogue of Fossil Cephalopoda, part I, p. 136, Text 

figs. II, 13, 14. 

1895. Endoceras Wahlenbergt, Holm: Geol. Foren. Forh. 1 Stockholm, Bd. 17, Heft 6. 

1917. Endoceras Wahlenbergi, Reed: Paleontologia Indica, New Series, Vol. VI, Mem. No. 3, p. 30, 

pl. V, fig. 11. 

1. J. Hall: Paleontology of New, York, Vo.1I, p. 218, pl. LIII, figs. 1 a-e. 
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Shell large, somewhat slowly enlarging, with a large endoconch inside. It at- 

tains a size of 305 mm. preserving a part of the living chamber. Apical extremity 

unknown. Transverse section circular. Its rate of growth is computed about I in 

t1.5. Character of surface not observed. 
The ectosepta are gently concave, their convexity being about two thirds the 

depth of the camera of the ectoconch or a little more. The distance between the 

ectosepta varies in an irregular manner. It measures II mm. ata point about 

go mm. from the apex, where the diameter of the ectoconch is 31 mm; and 

16 mm., where the diameter is 40mm. When the ectoconch increases its diameter 

to 50 mm., the ectoseptal distance is suddenly reduced to 13 mm. Nevertheless, the 

ectoseptal distances continue on the whole to increase upwards until close to the living 

chamber, where it retains the distance characteristic of the earlier stage (Five camerz 

are contained in the space of 65 mm. including the last camera). 

The endoconch is very large, marginal and circular in cross section. It is 

continucd upwards in a large endocylinder, which is empty and bas a diameter of 12 

mm, where the ectoconch measures 33 mm. in diameter, this being about one third that 

of the ectoconch. The organic stereoplasmic lining is clearly seen along the margins of 

the ectosepta. The camer are partly filled up with the crystalline deposit, but the 

upper-most ones close to the living chamber are entirely empty. Near the apical] portion 

of the preserved part of the shell the final conical endoseptum (endocone) is shown. It 

has an apical angle of 10°. The rest of the endoconch has been converted into crystalline 

calcite with much mixing of black material. The invaginated tubi bend inwards, and 

then slightly outwards. When they reach the geniculations of the preceding ectosepta, 

they turn again inwards and backward. ‘ 

Comparison: Hyatt proposed the generic name Vaginoceras for the form 

which differs from Endoceras proper in having the longer invaginated tubi and more 

numerous endoseptat From the text figure of Endoceras wahlenbergi Foord* we find 

1. G. T. Troedsson considered, after the suggestion made by Foerste, the number of 

endosepta as the only distinguishing character between the Endoceras and Vaginoceras. (See Troeds- 

son: Onthe Middle and Upper Ordovician Faunas of northern Greenland, p. 24). Of course, the 

length of the tubi can not be correlated with the number of the endosepta as Hyatt assumed. But 

in this paper the length of the tubi is taken as the distinguishing feature rather than the number of 

the endosepta. The reasons are: (1) The number of endosepta is sometimes unreliable, for they 

may not be wholly preserved. (2) The spaces between the endosepta are often completely filled 

with the crystalline calcite and the endosepta are not distinctly enough shown to determine their 

number. (3) In many forms the endoconch as well as endosepta, limited to the apical portion of the 

ectoconch, are often not preserved; and the empty, long endocylinder only remains. So far the length 

of the tubi is always clearly exposed, no matter whether the specimen is well preserved or very 

framentary. Therefore, the length of the tubi is chosen here as the important factor for distingui- 

shing these two genera. 

2. loc. cit. 
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that the long tubi extend beyond the space of one camera. According to the statement 

of Hyatt the generic name of Foord’s species should be changed into Vaginoceras. As 

to the specific identification, the characteristics of our specimen strongly resemble 

Foord’s species, but the ectosepta become more crowded in the adult stage, which is not 

the case in Foord’s form. Nevertheless, this feature may be considered as a minor 

point due to senility, and can not serve to characterize a distinct species. 

Horizon anv Locaniry: Collected from the upper part of Neichiashan formation 

at the northern side of Tai-hung-shan (4 #£ tl) about one mile or more to the west of 

the city of Nan-chang-hsien. According to Foord’s description Vaginoceras wahlenbergi 

belongs to Arenig in Sweden, Norway, Russia and other localities in Europe, but this is 

incorrect, the horizon being late Middle Ordovician’. (W. P. Shu and C. C. Yu Coll.) 

Vaginoceras wahlenbergi Foord var. cylindrica Yii (var. nov.) 

Plate IV., Figs. 1, 2a-b. 

Ectoconch robust, cylindrical. Endoconch large, situated nearly close to the 

margin of the outer shell. This variety is represented so far only by a fragment 

belonging to the upper part. The cross section of the endoconch is circular, but that of 

the ectoconch is quite obscure, though it is probably circular too. Rate of increase 

about T In 12. 6. 

Ectosepta moderately concave with their depth scarcely exceeding two thirds of 

the camera. The ectoseptal intervals become gradually and slightly longer in distance 

apart as the ectoconch advances in age, measuring 15 mm. apart near the lower end 

and 17 mm. near the upper, or about two fifth the diameter of the outer shell. 

The endoconch is prolonged into a nearly cylindrical endocylinder. Its diame- 

ter is a little less than one third as wide as that of the ectoconch. In the actual 

measurement the diameter of the ectoconch attains 40 mm. at the lower end, whereas 

the corresponding diameter of the endoconch is 12.5. The invaginated tubi are dis- 

tinctly visible. No endoseptum has been found, the endoconch proper not being 

preserved. Stereoplasmic deposit often occurs on the margins of the ectosepta, this 

being about 1 mm. thick. 

1. See stratigraphic part, pp. 20, 21. 
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Another individual (Plate IV., Fig. 2) is also known from a fragment of more 
than one hundred and thirty millimeters in length. The camer of the ectoconch 
increase their depth forward at a regular rate, ranging from g to 13 mm., where the 
corresponding diameter of the ectoconch is from 27-35 mm. Endocylinder circular, 
marginal, large, being about 2/7 the diameter of the ectoconch. Concavity of ectosepta 
about 2/3 the camera. The outer shell tapers at the rate of 1 in 12.5. The organic 

stereoplasm deposit is seen on the under side of the ectosepta more commonly than on 

the upper. 

Comparison: This form is closely related to Vaginoceras wahlenbergi Foord, from 

which it may be slightly distinguished by the more regular increase of the ectoseptal 

distance and the smaller size of the endoconch and endocylinder. According to the 

diagnosis given by Foord, Vaginoceras wahlenbergi has a much larger endoconch, 

measuring “nearly half the diameter in the young shell’ and ‘‘about one third the 

diameter’ in the adult. Nevertheless, the other important characters of our shell are 

very similar to those of Foord’s species, it is, therefore, preferable to refer it to a 

variety of Vaginoceras wahlenbergi. 

Horizon anp Locatrrins: One specimen (Plate IV., Fig. 2) was found just below 

the thin-bedded red limestone in the vicinity of Liu-chia-sze south of Cha-ti-pu, Hsien- 

ning-hsien, and another specimen (Plate IV., Fig. 1.) was from the same formation near 

He-chiao, Chung-yang-hsien. (C. Li and W. P. Shu Coll.) 

Vaginoceras endocylindricum Yu (sp. nov.) 

Plate II., Figs. 5a-c; Plate I1I., Figs. 2a-d, 3a-b. 

This specimen (P]. III., Figs. 2a-d) is known by a large orthocone 

which attains a length of 280 mm. with a slender obtuse termination at the apical 

end. The section of the ectoconch is circular. Its diameter measures 42.5 mm. at 

the larger end, and 145 mm. at the smaller. It tapers at the rate of 1:9.8. Owing to 

the imperfection of the upper end of the specimen the original size of the living chamber 

has not been fully determined. Nevertheless, the length of its remaining part is more 

than twice the diameter of its base. 

The ectosepta are rather closely set. Their convexity attains nearly the depth 

of one camera. The ectosepta are 5 mm. apart near the apical end and increase re- 

gularly slightly forward. There are three camerve in the space of 20 mm. in the mature 

part of the phragmacone, where the ectoconch has a diameter of about 23 mm. Near 

the living chamber, the ectoseptal interspace is 9 mm. at the diameter of 35 mm. 
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The endoconch is not very large and situated in close juxtaposition to the flat 

ventral side of the outer shell. It is circular in cross section, its diameter being 6 mm. 

where the diameter of the ectoconch is about 26 mm. The continuation of the tubi is 

beyond the next preceding ectoseptum. The endosepta are confined to the apical end 

with a very small endosiphuncle exposed in the middle part of the endoconch. The 

endocylinder and endocone are empty, but all the camer are completely occupied by 

the crystalline calcite of secondary origin interspersed with some black material. 

Another piece (PI. III., Fig. 3) probably of the same species represents a fragment 

of the posterior part. Cross section circular Ectosepta crowded. At the smaller 

fragmentary end the ectotheca and ectosepta are detached and only the endoconch pro- 

jects out. Ectosepta moderately concave. Ectoseptal distance about 4.5 mm. at the 

diameter of 18 mm. As the longitudinal section is normal to the dorso-ventral diameter, 

the endoconch at first sight seems to occupy a central position in the ectoconch, but in 

reality it is probably marginal to the outer shell. The ectoconch has a diameter of 16 

mm. at the lower end, where the corresponding diameter of the endoconch is 4.5 mm. 

The endoconch and endocylinder are not preserved in the upper porn of the specimen 

because of the direction of the section. 

There is a third specimen (PI. II., Fig. 5.) which was procured from the Tafang 

limestone at Yang-sing-hsien. The apical portion is not preserved. The ectoseptal dis- 

tances are less than 1/3 the diameter of the outer shell. The endoconch is circular, 

marginal and equal to 1/4 the diameter of the ectoconch. This specimen is similar 

to the preceding ones in all respects except the rate of tapering, which appears 
to be more rapid, measuring 1 in 16. The test is partly preserved. It conists of two 
layers. The interior layer is much thinner and covered by the very fine transverse 
strie. The outer one is quite obscure, though it is probably smooth. 

Comparison: This species is characterized by its fairly closely set ectosepta, re- 

latively smaller endoconch and long empty endocylinder with the endosepta limited 
to the apical portion. It agrees in some aspects with Vaginoceras wuhlenbergi Foord,' but 
is distinguished from the latter by its smaller endoconch and more approximate ecto- 
septal distance. From the description of Endoceras reinhardi? Boll! including 
Orthoceras commune Angelin-Lindstrém and some others, we find that the preseat 
species may be compared with Boll’s form, but differs in having the shorter interspaces 
between the ectosepta, which are nearly half the diameter of the outer shell in Boll’s 
species. Moreover, our shell has shown the considerably long tubi indicating a 
Vaginoceras, but those in Boll’s form have not been characterized in the description. 

I. Joc. cit. 

2. Foord: Catalogue of Fossil Cephalopoda, Pt. I, p. 145. 
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Horizan and Locarrrins: The first two specimens (PI. III,, Figs. 2 and 3) were col- 

lected by C. Li and W. P. Shu from the beds just below the red limestone near Ta-wu- 

shu, north of the western end of Pei-yang-shan (4 ¥:1§), Chung-yang-hsien. The last 

one (PI. II., Fig. 5) was collected by Mr. C. Y. Hsieh from the uppermost purple 

calcarcous shale of the Tafang limestone at Ta-fang village in the Yang-sing-district. 

Vaginoceras peiyangense Yu (sp. nov.) 

Plate V., Figs. ra-b, 2a-b. 

This orthocone is fairly slender, elongate, reaching a length of 425 mm. The 

ectoconch terminates in an extremely acute point. It enlarges in diameter very slowly 

in the young part, but rapidly toward the apertural portion. The diameter of the 

ectoconch increases from 15 mm. at the lower part to 30 mm. at the upper, the distance 

being 289 mm. This gives a rate of expansion of Imm. in 19 mm. The remaining 

part of the living chamber is rather long, having a length of 60 mm. and a diameter of 

about 30 mm. at its base. Aperture not observed. The section of the outer shell is 

ovately elliptical with a moderately large endoconch close to the margin of the shell. 

The ectosepta are very thin and gently concave. Their depth is about one half 

that of a camera. The ectoseptal interspaces or camer regularly increase in height 

toward the aperture, there being three camerze in the space of 20 mm. at the apical 

portion and one camera or a little more in the same space at the stage next to the body 

chamber. 

The endoconch is tubular, moderately large with an oval section. It measures 6 

mm. in major diameter and 4.5 mm. in minor. In the same stage the transverse 

diameter of the ectoconch is 26 mm. _ It lies rather close to the outer shell, if it is not 

absolutely in contact with the latter. It is comparatively flatter on the ventral side. 

At a point 150 mm. from the apex, we find in section that the subtriangular endocone 

exists within the endoconch having an apical angle of nearly 17°. The endoconch of 

the earlier stage is solidly filled with the calcite deposit, leaving the endosiphotube 

‘open in the middle. Its diameter is more than 0.1 mm. and is plainly visible even to 

the naked eye. The endoconch is provided with the tubi, which continue apicad beyond 

the next preceding ectoseptum for a short distance further. 

In another specimen (PI. V., Fig. 2) the camer of the ectoconch are relatively 

shallower. The ectosepta regularly and slowly increase their distance upwards, varying 

from 5 mm. to7 mm., where the corresponding width of the ectoconch is from 13-18 mm, 
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The endoconch is of large size, ovately elliptical in section, and nearly marginal to the 

outer shell (being 0.7 mm. distant from the ventral side). It measures 8 mm. in the 

longer diameter and 6 mm. in the shorter at the upper end of the fragment, where the 

actual diameter of the ectoconch can not be determined, but the ectoseptal distance is 

about 7 mm. This fragment is 123 mm. in length. At the lower part of the specimen, 

the ectotheca as well as the ectosepta have been crushed, and the endoconch remains 

protruding with some invaginated tubi preserved on its sides. Rate of increase 1:17. 

In both of the specimens the camerw are lined with the organic stereoplasm in 

moderate thickness, but some are perfectly empty. Test unknown. 

Compearison: In its general form, this species may be compared with Endoceras dis- 

tans Hall’. But our shell has a much smaller endoconch and an ovately elliptical section of 

the ectoconch, which is quite different from that of Hall’s species. It is also distinguished 

from Vaginoceras wahlenbergt and Vaginoceras endocylindricum by its more distant 

ectosepta, ovately elliptical section of endoconch and less rapid tapering of the ectoconch. 

Horizon anp Locaitins: One specimen (Pl. V., Fig. 1) was obtained from the 

bed just above the massive. blue limestone at the western end of Pei-yang-shan, and 

the other (Pl. V., Fig. 2) from the same horizon at He-chiao, Chung-yang-hsien. (Coll. 

C. Li and W. P. Shu.) 

Vaginoceras (Endoceras) belemnitiforme Holm 

Plate 1., Fig. 8 

1885. Endoceras belemnitiforme Holm: Paleontologische Abhandlungen, Bd. III, Heft I, p. 5, Taf. 

I, figs. rg. . 

Shell cylindrical, straight, embedded in the upper red Tafang limestone 
and without any trace of the test remaining. It tapers at the rate of about r in 
10. The apical portion has not been observed, and the larger extremity is also incom- 
plete. The ectoconch is subcircular (probably by compression) in transverse section 
with an endoconch lying at its margin. 

The ectosepta are widely separated from each other, the distance equalling 
nearly half the diameter of the outer shell. In actual measurement it reaches 12 mm. 
at the diameter of 24 mm. When the ectoconch enlarges to 26 mm. in diameter, 

itis reduced to.10 mm. After that it assumes the original length again. Though the 
distances between septa vary slightly, on the whole they are fairly constant 

1. Hall: Paleontology of New York, Vol. I, p. 220, pl. LVIIT, figs. a,b. 
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The interior of the camer are deprived of any deposit except the margins of the 

ectosepta, on which the stereoplasm is slightly and irregularly deposited. Ectosepta 

very thin, having a concavity a little less than one camera. 

The endoconch is in contact with the outer shell. It is cylindrical in longitudinal 

section and circular in- transverse. It appears to remain about ro mm. in diameter 

throughout the whole length of the fragment preserved, so that it occupies nearly 1/2 

the diameter of the ectoconch at the lower fragmentary end and 2/5 at the upper. No 

endosepta are seen. The endotheca is absent and the inner shell is confined by the 

continuation of the imbricating tubi, which in this specimen seem not so long as 

those in the form figured by Holm. 

Remarks. This species is characterized by its remote and almost equal 

ectoseptal distances, and cylindrical and large endoconch. Even though we know 

nothing about the apical end of our shell, no form comes nearest to the present specimen 

other than Vaginoceras belemniforme Holm from the upper red Orthoceras Limestone on 

the island of Oeland. 

Horizon anp Locaurry: From the red limestone bed of middle Ordovician 

age in the upper part of the Tafang limestone near Ta-fang village, Yang-sing-hsien. 

The specimen was collected by Mr. C. Y. Hsich. 

Vaginoceras shui Yu (sp. nov.) 

Plate IV., Figs. 3a-b. 

Ectoconch of unknown size, slender, subcylindrico-conical. Cross section 

circular. Endoconch moderately large, submarginal. Both the apical end and the 

basal extremity unknown. 

Ectosepta remarkably gently concave, about one third as deep as the camerie. 

The ectoseptal distances slightly increase from 6 mm. at the lower preserved end to 8mm. 

at the upper, while the corresponding width of the ectoconch are 14 mm. and Ig mm. 

respectively (The real diameter of the ectoconch would be greater than this, because the 

section is not in the median plane). 

The endoconch is circular? and situated near the margin of the ectoconch. Its 

diameter is little less than one third that of the outer shell. It is completely surround- 

ed by camer and distinctly marked by the tubi By the aid of a lens we can see the 

tubi are so long that they overlap backward beyond the preceding ectoseptum extending 

even to the third one. Inside the endoconch a concial funnel-shaped endoseptum is 

included with the deposit of crystalline lime below. 
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The diameter of the ectoconch measures 13 mm. at the smaller extremity of the 

fragment and 22 mm. at the larger. The distance between them is 108 mm. It 

tapers at the rate of about I in 12. 

Comparison: This species appears to be related to Vaginoceras belemnitiformis 

Holm! in the extremely long tubi, but the former differs from the latter in having the 

comparatively narrower endoconch and shorter ectoseptal distance. Moreover, the 

ectosepta of our specimen become increasingly distant with the growth of the 

ectoconch,which is not the casein Holm’s form. It is also distinguished from any 

of the foregoing species by its strikingly long tubi. 

Horizon AND Locatity: In the bed above, but not far from, the thick-bedded 

blue limestone near Wang-chia-sze, Chung-yang-hsien. The specific name is given in 

honour of Mr. Shu, by whom this species was collected. 

Vaginoceras chientzekouense Yii (sp. nov.) 

Plate V., Fig. 3. 

Ectoconch straight, cylindrical, rather slowly enlarging at the rate of 1:12. Trans- 

verse section elliptical? Endoconch not very large, lying in contact with the outer 

shell. 

This fragment reaches a length of more than 74 mm. Ectosepta moderately 

concave, having a depth of more than one half of a camera. The ectoseptal interspaces 

increase regularly and very slowly in length as they approach the basal extremity, 

ranging from 12 to 16 mm., where the corresponding diameters of the ectoconch are 32 

and 38 mm. respectively. 

The endocylinder only is shown. It is elliptical in section. From the longitudinal 

section we may see that the interior of the endocylinder does not reveal anything but 

the black lime matrix. The tubi are not well preserved, but from a few that remain it 

seems that the succeeding tubus is inserted into the next preceding one. The diameters 

of the endocylinder have a ratio of 8:5. Its longer diameter is nearly 1/4 that of the 

ectoconch. None of the organic stereoplasm exists in the camere except the deposit 

of secondary origin. 

1. G. Holm: Paleontologische Abhandlungen, Bd. III, Heft 1, p. 5, Taf. I, figs. 1-5. 
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Comparison: At the first glance this species appears to show no difference from 

V aginoceras wahlenbergi Foord var. cylindrica, but on careful examination its elliptical 

section and narrower size of the endocylinder as well as the absence ot stereoplamic de- 

posit on the ectosepta give it a distinctive appearance. 

Horizon anp Locanrry: From the argillaceous limestone of Neichiashan 

formation at Chien-tze-kou ( 8) ¥ %), Nan-chang-hsien. (Coll. W. P. Shu and 

C. G. ¥in) 

Vaginoceras neichianense Yi (sp. nov.) 

Plate I., Figs. ga-b; Plate II., Figs. 6a-b, 7a-b. 

General form subcylindrical, cross section elliptical, ectosepta crowded, endoconch 

large, subcentral and circular in section. 

This is a fragmentary specimen preserving the septate portion. It is about 100 

mm.in length. No external character is perceptible except the regular, transverse 

ectoseptal edges exposed on the eroded surface of the cast. Rate of increase 1 in 8.5 

approximately. The two diameters of the extoconch are roughly at the proportion 

of 4:3. 

The ectosepta are closely set. The interspace between them slightly increases 

upward, being equivalent to 1/5 the longer diameter of the ectoconch at the lower part 

of the fragment and 1/6 at the upper. The concavity of the ectosepta is a little more 

than the distance of one camera at its center. 

The endoconch is rather large, its diameter being nearly equal to 2/5 the longer 

diameter of the ectoconch. It is situated a short distance from the center of the conch. 

The continuous tubi extend apically to the point about one fourth the depth of the 

next preceding camera, or a little more. The ectosepta are gently bent backward before 

reaching the endoconch. The interior of the endoconch below the last endoseptum has 

been changed into a white crystalline deposit. The endocone shows a slightly elliptical 

outline in transverse section. Some camere are filled with the calcite deposit, and 

some ectosepta are also thickened by the stereoplasm to a very small amount. 

There are numerous specimens belonging to the same species, though they are 

slightly different from one another. One specimen (PI. II., Fig. 6) collected from 

Chung-yang-hsien reaches a length of about 31 mm. It consists of four camer 

embedded in the red limestone. It tapers more rapidly, about 1:6. The endoconch is 

relatively narrower, attaining a size of 1/3 the longer diameter of the ectoconch. 

Ectosepta distant about '/, the major diameter. 
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Another one (PI. II., Fig. 7) expands its shell more slowly, the rate being 1:10. 

The empty endocylinder is only preserved, indicating this fragment nearer the apertural 

end. Seven camer are present. The ectosepta are slightly lined by the stereoplasm. 

The size of the endocylinder and the ectoseptal intervals are similar to those in the 

preceding specimen (Pl. I., Fig. 9). 

Comparison: In some respects this species 1s quite close to the Endocera's 

proteiforme Hall! from the Trenton formation of New York State, but our shell shows 

the invaginated tubi, which is not a character given in the description by Hall. Accord- 

ing to Clarke’s statment the tubi of Endoceras proteiforme are short. Foerste says: 

“Apparently they are only a single camera in length’. But its diagrammatic sections 

figured by Hyatt? and Troedsson3 indicate that the tubi are longer than the length of 

a camera. Even though the latter is the case in Hall’s type, the present species may be 

distinguished trom it in having the ectoconch elliptical and the endoconch subcentral and 

circular. In Endoceras proteiforme the ectoconch 1s circular and the endoconch is mar- 

ginal and elliptical’. It also differs from Vaginoceras vaginatum Schlotheim 5 in having 

the more widely separated ectoseptal interspaces, smaller and subcentral endoconch; and 

from Orthoceras (Endoceras) brongniarti Troost ° in having the ectoconch less elliptical, 

the endoconch comparatively larger, and the ectoseptal distance somewhat longer. 

Horizon and Locariries: One specimen (PI. IT., Fig. 6) was collected by C. Li and 

W. P. Shu from the reddish limestone of the Middle Ordovician age at San-shanyuan, 

Chung-yang-hsien. The rest came from the upper part of the Neichiashan formation 

near Sin-tan, western Hupeh. (Collected by J. L. Smith and C. Y. Hsieh respectively) 

Vaginoceras reedi Yui (sp. nov.) 

Plate I., Figs 10 a-c, Ir a-b. 

Io17. Cameroceras? sp. Reed: Ordovician and Silurian fossils from Yunnan. p. 35, pl. VI, figs. 1, la. 

1920. Orthoceras? sp. Yabe and Hayasaka: Palsontology of Southern China, p. 49, pl, XVIII, 

figs. 3; pl. XXVII, figs. 2 a-e. 

1. J. Hall: Paleontology of New York, Vol. I, p. 208, pl. XLVIII, pl. XLIX, pl. L, pl. 
LIIT, figs. 2, pl. LVII. 

2. Zittel-Kastman: Text Book of Paleontology, p. 595, fig, 1105. 

3- G. T. Troedsson: On the Middle and Upper Ordovician Faunas of Northern Greenland, I. 
Cephalopods. p. 27, pl. 8, fig. 4. 

_4. G.T. Troedsson: On the Middle and Upper Ordovician Faunas of Northern Greenland. I. 
Cephalopods. p. 27, pl. 7, figs. 1, 2. 

5. Foord: Catalogues of Fossil Cephalopoda, Part I, p. r4o. 

6. Blake: British Fossil Cephalopoda. Part I, p. 162, pl XVII, figs. 1, la. 
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Fig, 3. 

Fig. 1. 

Fig. 1. Vaginocervas reedi. External view of a fragment of the ectoconch with a part of the 
endoconch exposed, Natural size. 

Vig. 2. Vaginoceras reedi. Longitudinal section of the same, showing the large, empty 
endoconch and the closely set ectosepta. Natural size. 

Vig. 3. Vaginoceras rveedi. End view of the same. Natural size. 

Associated with Vaginoceras neichianense, there are many specimens which are 
represented either by the fragmental phragmacone or the endoconch only. But some of 
them are known from a part of the septate portion with a large endoconch projecting 
out of the middle part. The ectoconch is straight, cylindrical and slightly elliptical in 
cross section. Owing to the fact that the fragment of the ectoconch is very short and 
not well preserved, the rate of increase can not be determined, nevertheless it appears to 
be very gentle. 

The ectosepta are very closely arranged. The ectoseptal interspace measures 3 
or 4 mm. apart, where the ectoconch has a longer diameter of nearly 30 mm. The 
ectoseptal sutures are slightly undulating. Camere entirely free from any deposit, 
and ectosepta strongly concave. 

The endoconch is very large, having a diameter of '/, that of the ectoconch or 

more. It is slightly distant from the center. Its cross section is circular. The long 

tubi are prolonged backwards beyond the next preceding ectoseptum. Neither the 

deposits nor the endosepta are found inside. 

In another fragmental specimen (PI. I., Fig. rr) of 30 mm. in length the endoconch 
is larger, measuring 19 mm. in diameter, where the ectoconch has a longer diameter of 35 
mm. At the same stage the ectosepta are 3 mm. apart. 

Orthoceras sp.t described by Yabe and Hayasaka is apparently of the same 

species. They stated ‘“‘The specimen is a fragment of a cylindrical shell, in state of 

internal cast, and 50 mm long; it is oblong in cross section, measuring 29 mm. and 24 mm. 

in larger and smaller diameter respectively. The surface of the stone nucleus is smooth, 

Tr, | 10C. ert, 
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except for 6 sharply impressed annular lines which are 5-7 mm. apart: the impressions are 

somewhat wavy, probably owing to the secondary deformation of the entire shell. The 

lines at first sight appear to be the suture lines of the septa, but in reality coincide with 

them only partially.” ‘“‘The septa are traversed at the center by a broad (12 mm. in 

diameter) empty tubular space, which is completely shut off from the interior of the 

camer:e by means of the septal necks, these being very long and extending beyond the 

preceding septum. There is absolutely no organic deposit in the interior of the shell.”’ 

Even though no such impressed annular lines are seen on the surface of our specimens as 

is the case in that of the Japanese authors, the large endoconch, long tubi, closely set 

ectosepta and some other properties show that Yabe and Hayasaka’s form is really the 

same as the present species. Reed had described one specimen from the Ordovician bed 

of Shih-tien in Yunnan and called it Cameroceras.t In reality it also belongs to the 

present species. The original diagnosis given by Reed is as follows. 

‘The shell appears to have been straight, slightly elliptical in cross section, cyl- 

indrical, very slowly tapering. A large undivided body chamber seems to be present, 

and on it traces of fine concentric lineation are visible, this body chamber measures 

about 33 mm. in length and has a diameter of about 26 mm. The septate portion of the 

shell measures just 20mm. in length and contains 11 septa. The septa, therefore are 

closely approximate, being rather less than 2 mm. apart; they are thin, horizontal, but 
very slightly undulated. A transverse section made of the lower end shows that the 
shell is elliptical with diameters of 2t mm. and 25 mm., and there is a very large siph- 
uncle about 14 mm. in diameter, situated nearer the ventral than the dorsal margin.” 

Comparison: This species is quite similar to the previously described Vaginoceras 
naichianense, but after closely studying it we can see that the present form has the endo- 
conch much larger and the ectosepta much closer. Moreover, the interior of this form is 
absolutely free from organic deposit, which is present in the other species. It also 
resembles Vaginoceras vaginatum Schlotheim, but may be distinguished from it by the 
position of the endoconch, which is marginal in Schlotheim’s species. 

Horizon and Locatiry: From the upper part of Neichiashan formation near 
Sin-tan. (Coll. J. L. Smith and C.Y. Hsieh respectively) 

Vaginoceras uniforme Yu (sp. nov.) 

Plate II., Figs. 8a-b, 9; Plate V., Figs. qa-b. 

Outer shell straight, cylindrical, cross section elliptical with a moderately large 
endoconch submarginal to the ectoconch. 

I. loc. cit. 
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The ectoseptal distances are nearly uniform, varying from 5-6 mm., or about 1/5 

the longer diameter of the ectoconch. Ectosepta with a concavity nearly equal to the 

depth of one camera. 

The endoconch is elliptical in section, being about 9.5 mm. and 8 mm. in its two 
diameters. At the same section the ectoconch measures 32 mm. in its major diameter. 
Tapering of endoconch very gentle. The continuous tubi are disposed in an imbricating 

arrangement. The endosepta are hardly visible in the stereoplasmic filling. The empty 

camer are lined with slight organic deposit, which occurs on the upper side of the 

ectosepta in the majority of cases. 

The ectoconch gradually contracts from the longer diameter of 30 mm. at the up- 

per extremity of the specimen to 23.5 mm. at the lower. The tapering may be roughly 

estimated to be at the rate of r in rr mm. 

Another fragment of this species (Pl. II., Fig. 9) was obtained from the same 

district. It is of smaller size. The ectosepta are also crowded, distant about 3-4 mm. 

from one another. The longer diameter of the ectoconch measures 16 mm. at the lower 

part and 20mm. at the upper. Concavity of ectosepta about 1 camera. The elliptical 

endoconch lies submarginal to the outer shell. The stereoplasmic deposit usually 

occurs above the margins of the ectosepta in very small quantity. Neither the earlier 

portion nor the apertural end have been observed. 

The third one (Pl. V., Fig. 4) was collected from the upper part of the Tafang 

limestone at Yang-sing-hsien. Its transverse section is also elliptical in outline, the two 

diameters being at the ratio of 3:2. The ectosepta are uniformly distant from one an- 

other, attaining an interval of 6.5 mm. in average, or about 1/4 that of the longer 

diameter. Endoconch marginal, elliptical, being about 1/3 the diameter of the ecto- 

conch. So far as we know, this specimen is slightly differentiated from the preceding 

ones in the position of the endoconch, which lies not across the minor diameter but at 

the quadrant between the longer and shorter diameters. 

Comparison: In the position of the endoconch, section of the ectoconch, and the 

rate of tapering this species may be compared with Endoceras arctiventrum Hall! from 

the higher part of the Trenton limestone near Middleville N.Y., but the enjoconch of 

Hall’s form is much smaller in size. Our shel] has the long invaginated tubi, which are 

unknown either in the figure or the description of that form given by Hall. 

_ Horizon anp Locarrries: The last named specimen (PI. V., Fig. 4) collected by 

C. Y. Hsieh was from the upper red, bed of the Tafang limestone at Yang-sing, and the 

rest from the red limestone at San-shan-yuan, Chung-yang-hsien, (C. Li and W. P. Shu). 

1. Hall: Paleontology of New York, Vol. I, p. 217, pl. 51, figs. 2 a,b. 
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Vaginoceras multiplectoseptatum Yii (sp. nov.) 

Plate V., Figs. 5 and 6. 

This species is represented by many specimens of the internal molds, which are 

badly preserved. Some of them reveal nothing in the longitudinal sections, but others 

show important internal structures. Shell subcylindrical, straight, elliptical in trans- 

verse section, having two diameters at the ratio of nearly 7:6. Larger extremity not 

observed. The expansion of the ectoconch is very slow, being I in 15 mm. 

The ectosepta are very crowded, and nearly equally separated from one another, 

attaining a distance of 1)9 the major diameter of the ectoconch at the lower preserved 

end and 1/10 at the upper. They are provided with tubi which continue beyond the 

preceding septum. Concavity of ectosepta not more than the depth of two camerie. 

The endoconch is subelliptical in section, lying at the extremity of the longer 

diameter and close to the outer conch. It measures 14 mm. in the major diameter and 

Ir mm. in the minor, where the corresponding measurements of the diameters of the 

ectoconch are 33 mm. and 27 mm. respectively. In general the inner shell is about 2/5 

as large as the outer one. 

Both endoconch and the camer are absolutely free from the organic or even the 

inorganic deposit. The ectosepta are well preserved in some specimens, but partly 

crushed in others. The ectotheca has not been preserved. 

Comparison: Our species bears much resemblance to Vaginoceras uniforme, but the 

latter has not the following characters which are characteristic of the former: 1, ecto- 

septa being more closely set, at a very short distance in their separation; 2, phragmacone 

enlarging much more slowly; 3, concavity of ectosepta being much deeper; 4, endoconch 

lying at the end of the major diameter instead of the minor; 5, organic deposit absolutely 

absent. It may be also distinguished from Vaginoceras reedi by the subelliptical, 

marginal and smaller endoconch. Even though the numerous ectosepta and some other 

aspects of this species are quite like those of Vaginoceras vaginatum Schlotheim’, our 

shell has the smaller and subelliptical endoconch as well as the slower tapering, which 

are readily differentiated from those of Schlotheim’s form. 

Horizon anp Locatrry: From the upper Neichiashan formation near Sintan, 

western Hupeh. The specimens were collected by J.L. Smith and C.Y. Hsieh respectively- 

t. Foord: Catalogue of Fossil Cephalpoda, Part I, p. tTq0. 
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Vaginoceras giganteum Yii (sp. nov.) 

Plate III, Figs. 4 a-b. 

Ectoconch straight, robust, cylindrical, enlarging very slowly. Endoconch rather 

large. As both the ectoconch and endoconch are much eroded, their cross sections are 

not quite certain, though they are probably circular. The apical portion is missing and 

the length of the incomplete body-chamber also can not be fully determined. This 

fragment has a length of 360 mm. comprising fourteen camer. At the two extremities 

it measures 67.5 and 48.5 mm. in diameter. It expands at the rate of I in 18.5. 

Ectosepta thin, moderately concave, appearing much thickened on their upper 

marginal portion by the stereoplasmic deposit. They are distant from each other about 

one half the diameter of the ectoconch. Their concavity is about three fourths as deep 

as the camera. It isa noticeable fact that the ectoseptal distances are almost equal 

throughout the whole fragment. There are two camere within the space of 50 mm. 

The endoconch lies ventro-centran. It is of large size, a little less than one third 

the diameter of the ectoconch. It is slightly contracted between the ectosepta. At the 

lower part of the fragment the endoconch is distant 11 mm. from the ventral side of the 

outer shell and 25 mm.from the dorsal, where the diameters of the ectoconch and endoconch 

are 52 mm. and 16 mm. respectively. It is only preserved in the lower portion and the 

upper end of the specimen, and the rest is completely worn away. The uppermost part 

of the endoconch encloses another smaller orthoceracone Io mm. long. All the camer 

and the lower part of the endoconch are wholly filled with calcite deposit. No endosepta 

are seen, but the presence of the imbricating tubi and the enormous endoconch shows 

that this specimen should be referred to the genus Vaginoceras. 

Comparison: This species may be related to Vaginoceras wahlenbergi Foord, 

but differs from that in the slower rate of tapering, equal ectoseptal intervals, and 

position of the endoconch. The same features also serve to differentiate this form from 

V aginoceras wahlenbergt Foord var. cylindrica. 

Horizon and Locanrry: Obtained from the fossiliferous bed underlying the red 

limestone near Ta-wu-shu, Chung-yang-hsien. 

Vaginoceras’ sp. 

Plate VITI., Fig. 1. 

This specimen consists wholly of the red lime matrix, in which the shell was 

embedded. It has a length of about 400 mm. On the surface of the stone nucleus the 
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sharp impressed annular lines are clearly shown, each one probably representing 

an ectoseptum. They are very crowded, and the distances between them vary to 

an extremely small degree, ranging from 11.5 to 12.5 mm. Generally sixteen camer 

are present in a length of 200 mm, while the ectoconch has a diameter of 66.5 mm. 

The ectoconch gradually diminishes its diameter toward the apical extremity at the rate 

of Lin 11.5. On examining its sections no other features may be recognized except 

the scar of the endoconch, which is more or less elliptical in shape and situated close 

to the outer shell. Test not preserved at all. 

Since we know nothing about the tubi, the actual size of the endoconch and other 

features, specific and generic determination is impossible. On account of the large, 

marginal endoconch and the unitormly separated ectosepta, which are somewhat related 

to Vaginoceras untforme, it is provisionally put in the genus Vagni ceras. 

Horizon anp Locariry : From the red bed north-east of Pei-hu-fu, Pu-chi-hsien. 

Suborder Orthochoanites Hyatt 

Family ORTHOCERATIDAE M’Coy 

Genus ORTHOCERAS Breyn 

Orthoceras chinense Foord 

Plate III., Figs. 5a-b; Plate IV., Figs. 4a-b; 

Plate V., Figs. 7a-c; Plate VI., Figs. la-b, 2a-c. 

1856. Orthoceras sp.,S. P. Woodward: Quart. Journ. Geol. Soc. Vol. NIL, p. 378, pl. VI, fig. 1. 

1888. Orthoceras chinense, Foord: Catalogue of Fossil Cephalopoda. British Museum. I. p. too. 

Igit. Orthoceras chinense, Frech: Richthofen’s China, Vol. V, p. 8, pl. Il, figs. 2 a-c. 

1920. Orthoceras chinense, Yabe et Hayasaka: Paleontology of Southern China, p. 48, pl. XXVII, 

figs. 3 a-b. 

Shell (PIIV., Fig. 4) straight, subcylindrical. Section circular. The preserved 

fragment tapers at therate of 1:9. Both the initial portion and the larger end are 

wanting. 

The septal interval gradually increases orad from the smaller extremity. After a 
certain distance it slightly reduces and immediately increases again. On the whole the 

camer become deeper as the shell expands in diameter, being approximately equal to 

one half the maximum width of the shell or even a little less. Ata point not far from 

the living chamber the septa become more crowded toward the aperture. The septal 

necks are very long, extending apically for a distance equal to about one half the inter- 

space between the septa. Septa thin, direct, having a concavity of 1/2 the depth of a 
camera or more. 
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Siphuncle central, narrow, measuring about 1/1o the diameter of the shell. It is 

circular in transverse section. It is entirely empty in some specimens, but partly filled 

with the secondary crystalline deposit in others. The margins of the septa are either 

perfectly free from any deposit or lined with a layer of stereoplasm, which is sometimes 

very thick and sometimes rather thin as well as irregular. The camere are filled with 

crystalline calcite of secondary origin, but generally empty. 

A very small part of the test has been preserved, showing the transverse lines 

of growth. 

There is another specimen (Plate V., Fig. 7), which was collected 

from the same locality and probably belongs to the same species. It is represented 

by a fragment of the apertural portion, having a length of 70 mm. The living 

chamber is partly preserved with three adjacent camerie. The septal distance 

measures’I5 mm. at the lowest camera of the fragment, and 10 mm. at the uppermost 

or last one, where the corresponding measurements of the diameter of the shell are 32 

mm. and 36 mm. respectively. The surface is ornamentated by well marked transverse, 

flexuous, imbricating strive, of which three are counted ina distance of 2mm. The 

other internal characters of this individual are the same as those of the preceding one. 

A third specimen (Pl. VI., Fig. r.) is robust in form. It measure about 210 mm. 

in length. The living chamber is partly preserved and the apical portion is missing. 

The septal distances continually and gradually increase from the lower part of the 

shell toward the aperture, ‘being little more than 1/2 the diameter. Up to the third 

camera from the living chamber, it stops to increase and gradually reduces upwards, 

where the depth of the camer is less than 1/2 the diameter. The septal necks are 

slightly shorter than 1/2 the septal intervals. Test not observed. 

The body chamber in a fourth specemers (PI. VI., Fig 2) is rather large. 

Because of the incomplete state of preservation its full length can not be made out, but 

the portion remaining reaches a length of 48 mm. or more than 1} times the diameter 

of its base. The septal distances of the mature portion seem to be greater than those 

in the preceding specimens, measuring about 4/5 the shell diameter. The septa also 

become crowded as they approach the outer chamber. The test is not preserved, but 

the surface character may be seen on the mold of the interior, which is marked by 

regular, flexuous transverse lines of growth. The actual surface had its strie arranged 

similarly, but they appear to have been much closer together. There is another small 

specimen (PI. III, Fig.5.) which indicates the young stage of the same species. 

Remarks. In the collection about ten specimens of this species are found, but 

there is a great variation in tapering between them. Some taper at the same rate as 

that of Foord’s specimen, and others much more rapidly, varying from 1:6 to 1:8, 
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Horizon anp Locatitirs: This species is very common in the argillaceous lime- 

stone bed of the Neichiashan formation at Nei-chia-shan near Sin-tan of Tze-kuei-hsien 

(J. S. Lee), Lo-jo-ping of I-chang-hsien (C. Y. Hsieh) and Tai-hung-shan of Nan-chang- 

hsien (Coll. W. P. Shu and C. C, Yui). 

Orthoceras chinense var. kuangchiaoense Yui (var. nov.) 

Plate VII., Figs. 1 a-c and 2. 

Shell straight, slender, subcylindrical, regularly and gradually augmenting its 

diameter toward the chamber of habitation at the rate of 1:8.5._ The preserved part of 

the living chamber measures 40 mm, long, the diameter at its base being 25 mm. 

Owing to the fact that the larger extremity is poorly preserved, the aperture is unknown. 

Shell section circular in outline. 

Only two complete camere are preserved, increasing from 14 mm. in depth at the 

lower camera to 17 mm. at the upper or last one. At this stage the shell diameter ranges 

from 22 mm. to 24mm. _ The septa are distant about 2/3 the diameter from each other. 

Concavity of the septa about 1/2 the depth of a camera or more. 

Siphuncle central, circular in section, having a diameter of 2 mm., where the shell 

is 21 mm. in diameter. The septal necks are prolonged apicad only about 1/3 the inter- 

space between the septa. The cameree are lined with the stereoplasmic deposit about 1 

mm. thick and filled with yellowish crystalline calcite inside. 

The test is about one half millimeter thick. Its surface is covered by the broad, 

undulating lamellose growth lines without any longitudinal striw. By the aid of a lens 

the transverse ridge are seen to be arranged in imbricating form, steepening at the 

anterior side and sloping very gently in the other direction. They are distant about 

T im. 

Another individual (Pl. VII, Fig. 2.) my probably be of the same form. It is 

represented by a perfectly preserved internal mold. It has a remarkable length of 

about 800 mm. with an acute apical termination. Transverse section unknown. It con- 

tracts toward the posterior end at the rate of rin 7.5. The body chamber is of con- 

siderable size, measuring’ 314 mm. in length and 93 mm. in width at its base. The depth 

of the camer increases from 18 mm. at the diameter of 30 mm., to 35 mm. when the 

diameter is 58 mm. The septa have a concavity equal to about 1/2 a camera height. 

The siphuncle is entirely eroded away, but near the smaller end there is some indication 

of the siphuncle showing its situation to be in the middle of the natural longitudinal 

section. This specimen appears to be compressed to a certain extent, presenting a 
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greater diameter of shell than the original maximum width. The camerie are filled with 
the fine yellow matrix of calcilutyte except the initial portion, which has turned into 
calcite. 

Comparison: This form agrees in all respects with Orthoceras chinense Foord, but 
differs slightly in having shorter septal necks, longer septal distances and the gradual 
increase of camera depth towards the aperture, these features serving to separate it asa 
variety of Foord’s species. It may be compared with Orthoceras evanescens Barrandet, 
but is easily distinguished by its more rapid tapering, its surface ornamentation, 
its broader siphuncle and the regular increase of its septal distance. Orthoceras penetrans 
Barr.? and Orthoceras cavum Barr.3 also come nearer to this form in general aspect, but 
our shell has longer septal necks and surface striation, which are very different from 
those of Barrande’s species. It is also allied to Orthoceras giebeli Barr.4, but that shell 
has different surface ornamentation and longer septal necks. 

Horizon anp Locanitirs: The specimen (PI. VII., fig. x.) is from the same 
formation as the preceding species in the region about 1 li to the east of Chiang-chia-chi 
(4% 9% 48), and about 10 li north east of Kuang-chiao-pu, King-shan-hsien. (W. P. Shu 

and C. C. Yi). The last specimen (PI. VII., Fig. 2) was obtained in the bed between the 

reddish limestone and the thick-bedded blue limestone at the place close to Wang-chia- 

sze, Chung-yang-hsien. (C. Li and W. P. Shu). 

Orthoceras chinense var. eccentrica Yui (var. nov.) 

Plate VIII., Fig. 2. 

Shell cylindrico-conical, regularly enlarging. Transverse section circular. Cham- 

ber of habitation not perfectly preserved. This specimen is about 210 mm. in length, 

measuring 40 mm. in diameter at the larger extremity. The apex terminates in an acute 

point with an apical angle of 25°, but this is probably not the true angle as the apical 

portion is displaced by faulting and the section not wholly median. The normal rate of 

tapering of the shell may be estimated at 1 in 7. Surface markings unknown. 

1. Barrande: Systéme Silurien de la Bohéme, Vol. I], Text III, p. 190, pl. 258, pl. 265; pl. 

326, pl. 361. 

2. J. Barrande: Systéme Silurian de la Bohéme, Vol. IT, Text III, p. 537, pl. 403, pl. 406. 

3. J. Barrande: Systéme Silurian de la Bohéme, Vol. II, Text III, p. 488, pl. 223, pl. 363, 

pl. 378, pl. 384. 

4. J. Barrande: Systéme Silurian de la Bohéme, Vol. II, Text III, p. 404, pl 304. 



(11) 50 Palxontologia Sinica Ser. B. 

Septa gently concave, so far as observed, with a concavity equal to one half of 

the camera. The septal distance increases irregularly as the shell expands in diameter, 

having a depth varying from 12 mm. to 22 mm., where the corresponding diameters of 

the tube are 18 mm. and 35 mm. respectively. 

The siphuncle is narrow, and equal to one tenth the diameter of the shell. It is 

eccentric, its border touching the central axis of the conch. It is enclosed by the septal 

necks, which, as determined from a few of them which are clearly shown in the longitu- 

dinal section, are comparatively short, about one third the depth of the camera. There 

is no trace of deposits in the siphuncle. All the camer contain the white crystalline 

lime in addition to the stereoplasmic lining. 

Comparison: At first sight this specimen scarcely differs in aspect from 

Orthoceras sp.* figured by Woodward, but after close examination our shell may be 

distinguished from Woodward’s shell by the excentric siphuncle, the shorter septal necks 

and the more remote septa. It closely resembles Ovthoceras chinense Foord var. kuang- 

chiaoense except for the position of the siphuncle and some other minor features. There 

fore, Iam inclined to regard this form as another variety of Foord’s species. 

Horizon anp Locariry: This shell was collected from the bed just underly- 
ing the reddish limestone at a place not far from Wang-chia-sze, Chung-yang-hsien. 

Orthoceras chinense var. equiseptatum Yii (var. nov.) 

Plate VIIT., Figs. 3-5; Plate IX., Figs. la-b. 

Shell (Pl. VIII., Fig. 3) subcylindrical, robust, circular in cross section. Apical 
portion not observed. The diameters at the two extremities of this fragment are 34 
mm. and 54 mm. respectively, the distance between them being 133 mm. The rate of 
increase is in the proportion of I to 6.5. Test not exposed, 

The preserved part of the living chamber is about 70 mm. in length and 56 mm. in 
diameter at its base. Seven complete adjacent camer:e have been recognized, varying 
slightly in their depth. Thus each of the lowest two camer measures 20 mm. in 
length, while above these the septa are separated by a distance of 17 or 18mm. Still 
higher up the camerw assume again the same depth as the lowest one. In general they are 
of nearly the same depth, this being greater than 1/2 the diameter of the shell at the lower 
preserved end and less than 1/2 at the upper. The last camera is shallower than any of 

1. S. P. Woodward: Ouart. Journ. Geol. Soc., Vol. ATI, p. 378, pl. VI, fig. Tr, 
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the preceding ones, which is a common case occurring in the conchs of cephalopods. 

Septa moderately concave, having a depth nearly equivalent to one fourth the maximum 

‘width of the shell. 

Siphuncle narrow, lying in the central part with a circular cross section. Its size 

is about 1/9 the diameter of the shell at the lower end, and :/1 at the upper. The 

septal necks extend scarcely longer than 1/3 the septal interspace. The camerw are 

mainly filled with crystalline calcite, though some are also filled with the material in 

which the specimen is embedded. 

One specimen ofa different individual (Pl. VIII., Fig. 4.) represents a young shell 

of smaller size. The septate portion has a length of 68 mm. excluding the living cham- 

ber, which is very large or more than 3 times the diameter at its base or nearly about 1/2 

the total length of the fragment. Rate of tapering r in 7.5. The septa are equally 

separated, being 7 mm. in distance, while the diameter of the conch measyres 13 mm. at 

the lower end and 19 mm. at the upper. Siphuncle narrow, central, cylindrical, preserv- 

ed only in the smaller extremity of the naturally sectioned specimen. It is about 1/o the 

diameter in size. 

The third specimen (Pl. IX., Fig. 1) collected from Tung-chiao-cheng, attains a 

length of 132 mm. and expands its shell at the rate of rin 7, It terminates in a blunt 

end at an apical angle of 15°. Shell slightly curved, which may be regarded as 

accidental. Cross section subcircular (probably by compression). Near the apical por- 

‘tion the septal distances gradually increase from 5 mm. toro mm., where the shell has the 

corresponding longer diameter of g and 19 mm. Above this stage the septa are’ 12 mm. 

distant from each other. Still higher up they have been crushed, but from what 

remains we know that they are also equidistant at an interval of about 12 mm. throughout 

the upper portion, where the shell enlarges its diameter from 22-27 mm. 

Comparison: This form has some affinities with the Orthoceras epulans Bar- 

rande', but the septa in the latter form are much closer together and the 

septal necks much shorter. It is similar to Orthoceras chinense Foord except 

for the shorter septal necks and the equal septal distances, the last feature also serving 

to distinguish it from the other varieties of Foord’s species mentioned above. 

Horizon ann Locarsrivs: The specimens (Pl. VIII., Figs. 3-4) were found in the 

beds overlying the thick blue limestone and underlying the red bed near Pei-hua-pu, 

Pu-chi-hsien (C. Li and W. P. Shu). The last one described (Pl. IX., Fig. I) is 

abundant in the upper Neichiashan formation at Mei-hua-ling (#i 46 #4) 12 li east of Tung- 

chiao-cheng, King-shan-hsien. There is still another specimen (PI. VIII., Fig. 5.) of 

the same species was colleced from Heh-chia-tzui-tze (f€ 9 "A #) © li north-west of 

Chang-chia-chi, Chung-hsiang-hsien, (Coll. W. P. Shu and C. C. Yii). 

1. J. Barrande: Syst. Sil. de la Bohéme, vol. II., Texte III, p. 432, pl. 373, pl. 399. 
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Orthoceras regulare Schlotheim. 

Plate IV., Figs. 5, 6 a-b. 

1888. Orthoceras regulare, Foord: Catalogue of Fossil Cephalopoda, Part I, p. 6. (With literature 

references). 

1917. Orthoceras regulare, Reed: Paleontologia Indica, New Series, Vol. VI, Mem. No. 3, p. 32, pl. 

V, figs. 13, 13a. 

There is a small shell which can be identified with this species. The larger 

portion has not been observed and the part remaining attains 45 mm. in length. It is 

straight and cylindrical in general form and subcircular (probably compressed) in cross 

section. Rate of increase about rin 15. Septa strongly concave and separated from 

each other a distance of about 1/2 the diameter of the shell. Depth of the septa 

exceeding 1/2 that of the camera. Siphuncle central, circular, being about 1/9 the shell 

diameter. It is distinctly girdled by the septal necks, which are extremely short. The 

white calcareous deposit is present in the camere, but not in the siphuncle. No test 

remains, but the surface of the mould seems to be transversely striated. In another 

specimen (PI IV,, Fig. 6) the shell has a circular section, tapering at the rate of r in 18. 

Comparison: In the septal distances and the position of the siphuncle, the 

present shell is somewhat close to Orthoceras chinense Foord, but our shell has the septal 

necks much shorter and the tapering much slower, features readily distinguished from 

those of Orthoceras chinense. 

Horizon and Locaniry: Embedded in the upper limestone bed of the Neichia- 

shan formation, near Sin-tan (C. Y. Hsieh Collector). 

Orthoceras cf. politum M’Coy 

Plate III., Fig. 6 

1888. Orthoceras politum, Foord: Catalogue of Fossil Cephalopoda, Pt. I, p.7. (With literature 

references). 

Shell straight, slender, embedded in the yellowish argillaceous limestone. Only 

the apical portion is recognized, with six camere remaining. The cross section is circular. 

Because the longitudinal section is oblique to the axis of the shell, the siphuncle is only 

partly exposed at the upper end. It tapers at the rate of in 10. The distance between 

the septa slightly and gradually increases upwards, ranging from 2/5 the diameter at the 

lower end to 1/2 at the upper end of the fragment. Depth of septa about 1/4 the shell 

diameter. Siphuncle circular, central, having a diameter about 1/7—1/6 the diameter 

of the shell. Septal necks extending less than 1/4 the depth of the camera. The surface 

markings of the test are unknown. 
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Comparison: This fragment may be correlated with Orthoceras chinense Foord' 

and Orthoceras regulare Schlotheim’, but differs from the former in having much shorter 

septal necks and from the latter in the more rapid tapering. So far as the visible 

characters of this fragment are concerned, it may be assigned to the present species. 

According to the description® given by Foord the siphuncle of M’Coy species is ‘central 

in the young shell, but becoming eccentric with growth” and the surface is covered 

‘with fine transverse strie of growth’. But the specimen in our possession only 

represents the young stage, and the position of the siphuncle in the upper part as well 

as the surface character are quite obscure. The specific identification of this specimen, 

therefore, is made with a certain amount of hesitation. 

Horizon and Locatiry: From the limestone bed of the Neichiashan formation 
s 

at Ta-hung-shan, Nan-chang-hsien. 

Orthoceras squamatulum Barrande. 

Plate IV., Figs. 7a-b. 

1368. Orthoceras squamatulum, Barrande: Systém Silurien de la Bohéme, Vol. II, Texte III, 1874 p. 

455, pl. 302, pl. 310, pl. 370. 

Shell straight, cylindrical, represented by a fragment of the posterior end, which 

is 40 mm. long. Transverse section circular. It expands in diameter very gently, the 

rate being about 1 in 30. The diameters at the two extremities of the fragment are 13 

and 14 mm., while that of the siphuncle is 1.5 mm. wide throughout the whole portion 

of the specimen. 

The septa are very shallow, about 1/3 the depth of the camer. This fragment- 

ary specimen contains four camere, which havea depth of 2/3 the diameter of the shell. 

In actual measurement the septa are 9 mm. apart at a diameter of 13 mm. 

Siphuncle slightly excentric, narrow, being about 1/7 the diameter of the conch. 

Cross-section circular. Septal necks clearly shown and extremely short. The camera 

consist of the same material as the surrounding rock. Test not preserved, but the sur- 

face of the mould indicates that slightly oblique strie are present, four occupying a 

distance of I mm. 

Comparison: Orthoceras michelini Barr.4 somewhat corresponds to the present 

specimen, but Barrande’s species has the septal distance much longer. Our shell is 

Foord: Catalogue of Fossil Cephalopoda, Pt. I, p. too. 

Foord: Catalogue of Fossil Cephalopoda, Pt. I, p. 5. 

Foord: Catalogue of Fossil Cephalopoda, Pt. I, p. 7. 

Barrande: Syst. Sil. de la Bohéme, Vol, II, Texte ITT, 1874, p. 642, pl. 221, pl. 38r, pl. 

442, pl. 447. 
+ W KY WR 
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also similar to Orthoceras regulare Schlotheim' and Orthoceras politum M’Coy? , but dif- 

fers from them in having a much slower rate of tapering and much longer septal inter- 

vals, It may be also distinguished from Orthoceras scabridum Angelin3 and Orthoceras 

sodale Barrandet by the more gentle tapering and the siphuncle being not central in 

position. 

Horizon anv Locaniry: Found in the upper Neichiashan formation near Sin-tan. 

Orthoceras thyrsus’? Barrande 

Plate VII., Figs. 3a-b. 

1870. Orthoceras thyrsus Barrande: Syst. Sil. dela Bohéme, Vol. II, Texte III, 1874, p. 555, pl. 

405, figs. 15-18. 

A fragment has been obtained with only three air chambers preserved. The 

transverse section of the shell is circular. The rate of expansion is very gentle, measur- 

ing about I in 20. 

The septa are provided with septal necks, which extend backwards to a very 

short distance. The depth of the septa is apparently about 1/2 that of the camere. The 

distance between the septa is approximately equivalent to 4/5 the diameter of the conch. 

The siphuncle occupies the position between the periphery and the center of the 

shell, being nearer to the latter than to the former. It is circular in section, having a 

size of about 1/10 the diameter. 

The test is partly preserved. Its surface seems to be covered by an ornamenta- 

tion of oblique strix, which, however, are not very clearly shown. 

Comparison: This specimen may be related to Orthoceras pleurotomum 

Barrandes , but differs from it in the possession of a circular shell, in a different 

character of surface markings, and in some other points. The only species which can 

be identified with the present specimen is Orthoceras thyrsus Barrande. But Barrande’s 

species was collected from the Silurian rocks, while our shell makes its appearance in 

the upper Neichiashan formation of Middle Ordovician age. Therefore, if this species did 

not originate in pre-Silurian time, then this correlation may be wrong. 

Horizon anp Locanrry: Upper division of Neichiashan formation near Sin-tan. 

Foord: Catalogue of Fossil Cephalopoda, Pt. I, p. 5. 

Foord: Catalogue of Fossil Cephalopoda, Pt. I, p. 7. 

Angelin-Lindstr6m: Fragmenta Silurica, p. 4, t. IV, figs. 6-9; t. VII, figs. 8-10. 

Barrande: Syst. Sil. de la Bohéme, Vol. II, Texte III, 1874, p. 453, pl. 417, figs. g-21. 

Barrande: Syst. Sil, de la Bohéme, Vol. II, Texte III, 1874, p. 412, pl. 224, pl. 296, pl. 366. WB WN H 
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Orthoceras remotum Yii (sp. nov.) 

Plate VII., Figs. 4 a-b. 

Shell slender, elongate, cylindrical. Transverse section elliptical. It tapers very 

slowly, about I in ig. The fragmentary specimen has a length of 225 mm. embracing 

Io cameree. The two extremities have not been observed. 

Septa strongly concave and very distant from each other. Their concavity is 

nearly equivalent to two fifths of the interspace between the septa. The camere 

regularly increase in depth as the shell expands in diameter, measuring 18 mm. in the 

smaller portion and 26 mm. in the upper, while the shell is 2t mm. and 29 mm. in dorso- 

ventral diameter respectively. The obliquity of the septal lines makes an angle of 70° 

with the median axis of the siphuncle and meets the side of the shell at 40°. 

The siphuncle is strongly excentric, being 9 mm. distant from the nearer side of 

shell at the upper end and 6 mm. at the lower. It is narrow and elliptical in cross sec- 

tion. Its major and minor diameters are 3.5 and 2.5 mm., while the corresponding 

diameter of the shell are 30 mm. and 23 mm. respectively. The septal necks are not 

clearly exposed, but at the smaller end they may be perceived to have a very slight 

length. 

Test smooth, being 0.5 mm. in thickness. 

Comparison: This species is characterized by the strong concavity of its septa 

and the great depth of its camere. It may be compared, with Orthoceras pleurotomum 

Barrandet and Orthoceras thyrsus Barrande,? but is readily distinguished from the latter 

by the great septal distance, the elliptical section of shell and the absence of the sur- 

face ornamentation; and from the former by the fact that the shell is covered by delicate 

oblique striations, while the septa] intervals become crowded upwards. 

Horizon anp Locarrry: It occurs in a polished slab collected from the upper bed 

of the Neichiashan formation at Chai-tze-shan (#¢7 jy) about ro li south of Fang-chia- 

chi (43), Hsiang-vang-hsien (3€p3/R#). 

Orthoceras rudum Yii (sp. nov.) 

Plate IV., Figs. 8a-c. 

Shell straight, cylindrical, enlarging very slowly. Transverse section slightly 

elliptical. In this imperfect specimen only the basal portion of the body-chamber is 

preserved together with three adjacent ordinary camere. The entire length of the 

fragment is 70 mm. The rate of increase may be computed as I in 20. 

1. Barrande: Syst. Sil. de la Bohéme, Vol. II, Texte III 1874, p. 412, pl. 224, pl. 296, 

pl. 366. 

2, Barrande: Syst. Sil. de la Bohéme, Vol. II, Texte III, 1874, p. 555, pl. 405, figs. 15-18. 
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Septa strongly concave. They are widely separated, and slightly increase in 

distance apart toward the outer chamber. The concavity is about equal to one third 

of a camera which has a depth of 16 mm. in the last camera and 15 mm. in the next 

preceding one, while the dorso-ventral diameters of the tube at the corresponding stages 

are 20 mm. and 18 mm. respectively. 

Siphuncle excentric, nearer to the center than to the side. It is encircled by the 

septal necks, which contract at the septa and gradually enlarge backwards, extending 

to a distance of about one third the septal interval. Transverse section ovately elliptical. 

It hasa longer diameter of 3 mm. and a shorter of 2mm. At the same place the shell 

measures I7. 5 mm. and 17 mm. in the dorso-ventral and transverse diameters. 

The test is well preserved, having a thickness of 0.5 mm. The surface is marked 

by coarse, transverse, elevated, flexuous lines of growth, 6 in the space of 5 mm. On 

close examination under the magnifier we find that either the elevated ridges or the 

depressed interspaces are wholly composed of the fine strive, slightly arching forward on 

the dorsal side. 

Comparison: It is similar to the preceding species in all respects except in its 

striking surface ornamentation. This species may be compared with Orthoceras pleuro- 

tomum Barrande,' but differs from that by its gradual increase of septal distance and 

by the character of the transverse undulating strie. It may be distinguished from 

Orthoceras thyrsus Barrande? by the fact that the latter has a circular section of the 

shell, and the oblique, straight striae on its surface. 

Horizon anp Locatrry: From the bed immediately underlying the red limestone 

at the region not very far from He-chiao, Chung-yang-hsien (C. Li and W. P. Shu Coll.) 

Orthoceras suni Yii (sp. nov.) 

Plate V., Figs. 8a-b, g. 

Shell straight, cylindrico-conical. Transverse section subelliptical. The only 
preserved part is the apical portion of 82 mm. in length, gradually expanding toward 
the apertural end. Mature phragmacone and body chamber not preserved. Apical 
angle 20°. Rate of incrase about one millimeter in a length of four millimeters. 

1. Barrande: Syst. Sil. de la Bohéme, Vol. II, Texte III, 1874, p.412, pl. 224, pl. 296, pl. 366. 
2. Barrande: Syst. Sil. de la Bohéme, Vol. II, Texte III, 1874, p,555, pl. 405, figs. 15-18. 
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Septa thin, having a concavity exceeding one half the depth of a camera. The 
septa are 5 mm. distant from each other at the point where the longer diameter of the 
shell is 14 mm., and gradually increase their interspaces tog mm. where the diameter 
of the shell is 23 mm. 

Siphuncle central, being ovately elliptical in section. Its major diameter measures 
2mm. at the smaller and 3 mm. at the larger end of the preserved fragment. At the 
corresponding place the conch varies in its diameter from 16 to 26mm. The sides of 
the siphuncle are distinctly marked by the septal necks, which are a little longer than 
one third the septal distance. 

Near the smaller extremity the camera seem to have been separated horizontal- 
ly into two nearly equal parts by a process directed toward the anterior angle on each 
side of the camera. This feature is apparently similar to that seen in the specimen of 
Orthoceras sp. Woodward. 

Another fragment of smaller size was also obtained. It has a length of 40 mm. 
containing II camer with an apical angle of 20°. The apex is more pointed and the 
rate of tapering is more rapid, being 1:3. 

Companion: This species closely resembles Orthoceras thomsoni Barrande ', but dif- 
fers from it in the shorter septal distances, narrower. siphuncle, and sub-elliptical sec- 
tions of both the siphuncle and the shell. This form also bears some degree of 
resemblance to Orthoceras sp.? figured by Woodward, but the former has a more rapid 
rate of tapering and a subelliptical section of shell. 

Horizon AnD Locarrry: In beds just overlying the blue thick-bedded limestone at 
the western end of Pei-yang-shan, Chung-yang-hsien. The specific name is given in 
honor of Dr. Y. C. Sun of the Geological Survey. 

Orthoceras elongatum Yii (sp. nov.) 

Plate VII., Fig. 5. 

This species is well shown in a natural polished longitudinal section. Shell 

elongate, slender, and conical, having a length of 275 mm. The initial portion is point- 

ed with an apical angle of 8°. It expands slowly toward the larger end. Ata stage 

262 mm. distant from the apex, it has a diameter of 22.5 mm. Rate of increase I in 14. 

Cross section of shell circular. Body chamber and surface character unknown. 

1. Barrande: Syst. Sil. de la Bohéme, Vol, IT, Texte ILI, 1874, p. 684, pl. 214, figs. 4,5. 

2. Woodward: Quart. Journ. Geol. Soc., Vol. XII, p.378, pl. VI, fig. r. 
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Septa gently concave, increasing in their distance from 3/; to 4/s the diameter of 

the shell. At the stage where the shell is 11 mm. in diameter, the camera is 9 mm. in 

depth, while at the uppermost preserved end the septa are Ig mm. distant from each 

other, being little less than the shell diameter which is 21 mm. at this place. Concavity 

of septa approximately equal to one third the depth of a camera. 

The siphuncle is very slightly eccentric, cylindrical, and very narrow. Its 

diameter is about 1/14 that of the shell. The septal necks do not show very clearly, but 

seem to be very short. The organic deposit is well developed along the margins of the 

septa. 

Comparison: This form is characterized by its great septal distances. It comes 

very near in aspect to Orthoceras currens Barrande,? but is differentiated from it by 

the much narrower siphuncle, slower rate of tapering and much shorter septal necks. 

The same characters in addition to the longer septal distance also distinguish this 

species from Orthoceras chinense Foord. 

Horizon anp Locaity: This specimen was procured from the bed underlying 

the reddish limestone near Ta-wu-shu, Chung-yang-hsien. 

Orthoceras densum Yi (sp. nov.) 

Plate VI., Figs. 3a-b; Plate IX., Fig. 2. 

Shell cylindrico-conical with transverse section subcircular. Tube regularly 

enlarging in diameter upwards. Apical angle about 8°. The larger extremity as well 

as the surface character not observed. Tapering at the rate of I in 9. 

The camerz are extremely closely arranged in the apical portion, fourteen being 

counted in a distance of 20 mm. commencing from the apex. They are six in number 

in the next succeeding space of 20 mm. higher up. During the mature stage the camerx 

greatly increase their depth, ranging from ro to I7 mm., while the corresponding 

diameter of the shell is from 14.5 to20 mm. Near the upper end where the shell has 

a diameter of from 20 to 30 mm., the septal distance scarcely increases, remaining about 

16-17 mm. high. 

Septa smooth, thin, having a convexity nearly equal to one half the depth of one 

camera, or a little more. Siphuncle narrow, central, circular in section, and apparently 

enclosed by the septal necks which extend not less than one third the septal distance. 

Its diameter is about 1/7 that of the shell. 

1. Barrande: Syst. Sil. de la Bohéme, Vol. II, Texte III, 1874. p. 628, pl. 221, pl. 222, pl. 

407, pl. 41. 
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Another small specimen (Pl. IX., Fig. 2) of the same species was found. Its 

body chamber has only a small part of the base preserved. It gradually decreases in 

diameter apicad, to an acute point with an apical angle of 10°. Rate of increase I in 

7.5. The septa at the smaller end are very numerous, being more than Io camere 

within the length of 20 mm. After the rapid increase of the septal distances in the 

middle part of the conch, the camer apper to be retarded in the rate of increase in 

depth as compared with its diameter. Near the larger extremity where the diameter is 

13 mm. the septa are distant about 7 mm. 

Remarks: This species is distinct from any of the preceding ones in its extremely 

crowded camere at the apical portion and the irregular increase of the septal distance. 

I have not found any related form, with which this species may be identified. 

Horizon anp Locaurrtes: One speciemen (PI. VI., Fig. 3) was obtained from the 

upper part of the Neichiashan formation at Chien-tze-kou about 3 li to the west of Nan- 

chang-hsien, and the other (PI. IX., Fig. 2), from the same bed at Liu-chia-chung (#3) 

about 15 li west of Kueng-chia-wang, I-cheng. 

Orthoceras yangtzeense Yii (sp. nov.) 

Plate III., Figs. 7, 8a-b. 

There are three specimens of internal moulds which are cylindrico-conical and 

slightly curved. The cross section is elliptical, its two diameters being at the ratio of 

3:2. Its tapering is rather rapid, about rin 6. Larger extremity not preserved. 

It is to be noted that the septal sutures are slightly undulating and form on the 

convex side the V-shaped lobes, which are very characteristic of this species. The 

septal distances are very uniform and are about three millimeters apart on the average, 

while the longer diameter of the shell is 8 mm. at the lower end and 14 mm. at the 

upper end of this fragment, which is little less than 40 mm. in length. 

The position of the siphuncle is rather uncertain. But the upper end of one 

specimen (PI. III., Fig. 8) shows that it is small, circular, submarginal to the shell wall 

opposite the side which bears the V-shaped lobes. 

Comparison: In the closer septa and the V-shaped lobes the present species 

somewhat resembles Orthoceras sp. figured in Angelin-Lindstrom’s Fragmenta Silurica. 

Since no description of that form was given, we are not able to make any accurate 

comparisons. 

zr. Angelin-Lindstrom: Fragmenta Silurica, t. IV, fig. 16. 
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Horizon and Locauiry: The upper Neichiashan formation yields this form near 

Sintan, Tze-kuei-hsien (Collections: J. L. Smith and C. Y. Hsien respectively) 

Orthoceras? wongi Yti (sp. nov.) 

Plate V., Figs. roa, b. 

The weathered surface of this specimen appears to be annulated outside. But 

after a careful study we find that all the transverse depressions are just in the positions 

of septal sutures. In another smaller shell probably belonging to the same species, the 

surface is rather smooth, though it also slightly exhibits a longitudinal undulation to 

some extent. It may be concluded that the annulation-like sculpture is probably the 

result of the weathering. Shell straight, cylindrical, having a length of about 40 mm. 

It has a sub-elliptical section. The expansion of the conch is slow, about I in ro or 

more. Both the extremities are missing. 

The septal sutures are slightly undulating. The septal distances are approximate 

and uniform, being about 1/8 the shell diameter, which is also the concavity of the 

septa. In actual measurement the septa are 3 mm. apart throughout the whole frag- 

ment, which has a longer diameter of 20 mm. at the lower end and 24 mm. at the upper. 

The siphuncle is subcentral, cylindrical, being 3.5 mm. in diameter. It is circular 

in section. It is a remarkable thing that the septal necks assume the character of those 

in Holochoanites, extending beyond the preceding septa for a little distance. The in- 

terior of the siphuncle is empty. A few camer are partly filled with the crystalline 

calcite. 

Remarks: The siphuncle of this form is not very large, suggesting the ordinary 
size of an Orthoceras, though having such long septal necks. I hesitate to consider this 
as another distinct genus. The generic name, now applied to our shell is only provisional. 

Horszon anp Locariry: Same as the preceeding species, with which the present 

form is associated. 

Orthoceras sp. 

Plate IX., Fig, 3. 

Shell small, slender, slightly curved, enlarging very slowly. The transverse 

section is nearly circular. The initial portion as well as the body-chamber unknown. 
Rate of increase 1:27. 
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The thin septa are rather oblique, sloping back more than 20° and dying away on 

the convex side. No trace of the siphuncle can be recognized though it seems to be 

marginal to the convex side. The distances between the septa vary from 8 to Iomm., 

where the shell increases in diameter from 15 mm. at the lower to 18 mm. near the upper 

end. The camere are entirely occupied by the dark gray lime-mud. The total length 

of the imperfectly preserved specimen is to8 mm. 

The test is preserved in some places. It is rather thin, showing a thickness of 0.1 

mm. Its surface is apparently smooth. 

Comparison: This specimen is remarkable because of the obliquity of its septa, 

a feature not seen in any of the preceding specimens described. It comes very close in 

general aspect to Orthoceras duration Blake, from the Lower Llandeilo Limestone of 

Durness, but in the latter form the rate of tapering is less rapid and the septal distances 

are shorter than they are in the present form. It may also be separated from Orthoceras 

baculoides Blake? by its much-slower tapering and by the apparently eccentric position 

of its siphuncle, which is central and large in Blake’s species. 

Horizon anp Locauiry: At Pei-ting-tze (qp2%-) 15 li west of Hu-chia-chi, Chung- 

hsiang-hsien, where the upper part of the Neichiashan formation is very prominently 

developed. 

Orthoceras sp. 

Plate IX., Fig. 4. 

Shell straight, cylindrico-conical and of moderate size. It rapidly tapers 

backwards to an acute point with an apical angle of 15°. The shell section is elliptical? 

Test not observed. The siphuncle has been completely rubbed away. 

The septa are thin, direct and numerous. They are 3 mm. distant from each other 

near the initial part. At the last camera 140 mm. from the apex, the septal interval 

increases to 9 mm. while the diameter of the shell is 21 mm. The rates of increase are 

different at the different stages of the conch. Thus, it is rapid at the apical portion, 

being about 1 in 4. Above this place 40 mm. from the apex, the shell tapers less rapidly 

at the rate of about 1 in 8.5. Near the larger end the tapering is reduced to 1 in 1dr. 

Since the polished section is not a median one, neither the diameter nor the tapering of 

the specimen can be taken as accurate. 

Remarks: This specimen is characterized by its numerous septa and its variable 

rate of increase in the different stages of the same individual. Since it is only in part 

preserved, its characters are insufficiently shown for specific determination. 

1. Blake: British Fossil Cephalopcda, Pt. I, p. 83, pl. ITI, figs. 3, 3a. 

2, Blake: British Fossil Cephalopoda, Pt. I, p. 82, pl. III, fig. 2. 
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Horizon anp Locatiry: From a polished slab on the pavement along the road 

from Cha-ti-pu to Chang-chia-chiao, Hsien-ning-hsien, where the country rock is grey 

thin-bedded limestone corresponding to the reddish limestone in Chung-yang. 

Family CYCLOCERATIDAE Hyatt 

Genus PRoTocycLoceras Hyatt 

Protocycloceras deprati Reed 

Plate VI., Figs. ga-b, and 5. 

1917. Orthoceras (Protocycloceras?) deprati, Reed: Paleontologia Indica, New Ser. 

Vol. VI, Mem. No. 3, p. 33, pl. V, fig. 15. 

1928. Protocycloceras (?) deprati, Kobayashi: Japanese Journal of Geology and 

Geography, Vol. V, No. 4, p. 184, pl. XIX, fig. 5. 

Fig. 4 Fig. 5 

Fig. 4. Protocyclocervas deprati. Front view of an internal mould, showing the annualations. 

Natural size. 

Fig. 5. Protocycloceras deprati. Side view of the same. Natural size. 

Fig. 6. Protocycloceras deprati. End view of the same, showing the eccentric siphuncle, 

Natural size. 

Fig. 7. Protocycloceras deprati. Portion of the test of another smaller individual. Fnlarged 

five times. 

This species is represented by numerous specimens, which are all internal moulds 

but belong to the same species. In taking the longitudinal section the interior of the 

specimen is wholly empty without any trace of the internal structures. Nevertheless, 

the characteristic surface annulations and the position of the siphuncle are cleary shown 

on the exterior of the moulds. : 
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Shell straight, annulated, with a slightly elliptical section. Owing to the moulds 

not being well preserved the rate of tapering can not be precisely determined, but in 

general the conch enlarges in diameter very slowly, about 1 in 20 or even less. Its 

surface is encircled by coarse, concentric annulations, which are oblique to the axis of 

the shell and nearly uniformly separated from each other. In some smaller specimens 

they are distant about 5 mm., but in the larger ones the distance is 6 or 7 mm. from thé 

summit of one ridge to that of the other. The oblique annulations are arched on the 

opposite side to form broad saddles, which ascend about equal to the space separating 

them. They occur as ridges with round edges. The interspaces between them are 

concave and round. In one specimen (Pl. VI., Fig. 5) the annulations and the 

interspaces between them are again covered with very regular, fine striee, of which more 

than ten are contained in a length of r:mm. No longitudinal strie are seen at all. 

The siphuncle is subcentral and slightly subcircular. It is nearer to the center 

than to the side of the shell. Its diameter is 4 mm., where the shell measures 21 mm. in 

minor diameter and 24 mm. in major. It occupies the position across the dorso-ventral 

diameter and opposite the side bearing the broad saddles. 

Remarks: According to Reed’s description! the rate of tapering is ‘‘at about 1 

in 40” and the annulations are ‘‘arched up strongly to form a broad high ventral saddle 

on the siphonal side.” I think that Reed only obtained one piece of the broken shell, so 

the measurement of the tapering may be misleading. Regarding the siphuncle he 

stated: ‘‘The position of the siphuncle is rather obscure’, while our specimens indicate 

the siphuncle lying at one side of the center just opposite the saddles. In any case our 
shell is undoubtedly the same as Reed’s species. 

Horizon anp Locauiry: This species prevails in the upper part of the Neichiashan 

near Sin-tan, western Hupeh. Many specimens were collected by J. L. Smith and 

C. Y. Hsieh respectively. 

Genus CycLoceras M’Coy 

Cycloceras sp. 

Plate VI., Fig. 6 

Shell straight, cylindrical, and annulated. Section unkown. Only a part of the 

conch is preserved, being 23 mm. in length. Even though no test remains, yet the 

surface markings may be examined on the surface of the internal mould. Siphuncle 

and septa also unknown. 

1. loc. cit. 
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The mold is covered by six transverse prominent annulations, which are separat- 

ed by concave interspaces about 3.5 mm. wide. ,The annulations are slightly oblique 

and moderately sharp. Near the uppermost end of the fragment the depressed space is 

ornamented by numerous fine subimbricating striae, running parallel to the projecting 

annulations. Besides these, there are a few indistinct longitudinal ridges across the 

fine transverse strive. 

Remarks: This specimen is very poorly preserved and the data available are 

not sufficient for specific identification, even though in external character it is somewhat 

allied to Cycloceras peitoutzense Grabau! to a certain degree. 

Horizon ann Locatrry: From the Yellowish-green shale of the lower Neichiashan 

formation at Tai-hung-shan, Nan-chang-hsien. 

Family TROCHOLITIDAE Hyatt 

Genus Discoceras Barrande 

Discoceras eurasiaticum Frech. 

Plate IX fig. 5, 6 a-b. 

1gt1, Discoceras eurasiaticum Frech: Richthofen’s China, Vol. V, p. 5, pl. I, figs. ta-2b. 

1920. Discoceras eurasiaticum, Yabe and Hayasaka; Paleontotogy of Southern China, p. 54, pl. 

AVITI, figs. 2a-b. 

Shell (Pl. IX., Fig. 6) discoidal, consisting of about four volutions, which expand 

in height very slowly. The diameter of the shell measures 45 mm. from the apertural 

portion to the opposite periphery passing through the middle part of the umbilicus. The 

dorsal side of the volutions is slightly impressed by the preceding one. The cross section 

of the whorl is subquadrate in outline. Near the apertural end it is 15 mm. in breadth 

and 10 mm. in height. The siphuncle is very smal]l and marginal to the internal side. 

The surface of the shell is covered by oblique transverse sharp costie, which bend back- 

ward from the internal side toward the external. 

There is another well-preserved specimen (PI. IX., Fig. 5) which is somewhat larger. 

A part of the test is broken, and the septa are distinctly exposed. The septal distance 

is greater at the ventral side than at the dorsal. The camerw are very shallow and in- 

crease in depth very slightly. In the gerontic stage the septa are 3.5 mm. distant at the 

center, while the whorl is about 14 mm. high. The coste are very numerous, three 

occurring in a space corresponding to the depth of one camera. 

Horizon anv Locauiry: The specimens were foundin the upper part of the Nei- 

chiashan formation at Nei-chia-shan near Sin-tan of Tze-kuei-hsieh, western Hupeh. 

(J.S. Lee Coll.) 

1. Grabau: Paleontologia Sinica, Ser. B, Vol. I, fasc. 1, p. 63, pl. VI, Figs. r-4. 
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Family LITUITIDAE Noetling 

Genus LITUITES Brogniart 

Lituites lii Yii (sp. nov.) 

Plate IX., Fig. 7. 

The shell is a gyroceracone in the young and becomes straight in the adult stage. 
Section subcircular. This form is represented by only one specimen which occurs in a 
natural longitudinal section and can not be separated from the enclosing rock. There- 
fore, nothing is known of the surface ornamentation of the shell. Apertural portion 

not preserved. 

The coiled part of the conch includes about two volutions. The whorls. are 
separable about I mm. or a little more near the apical part, and 2.5 mm. at the place 
where the second or last volution ends and the shell begins to straighten. The diameter 
of the coiled part measures about 35 mm. from the larger end of the last whorl to the 

opposite side across the volutions. In the central part of the first volution there is an 
open space with a diameter of about 7 mm. The straight part of the shell is slightly 
bent inwards and attains about 70 mm. in length, expanding slowly at the rate of 1 in 
22. 

Septa simple, thin, moderately concave. They are more curving forward on the 
internal or the dorsal side. The intervals between the septa gradually increase toward the 

aperture. They are about 1/2 the diameter of the shell. At the second volution there 

are eleven septa in the distance of half a whorl or a length of about 44 mm. Near the 

larger preserved end they are 9 mm. apart, where the shell has a diameter of 15 mm. 

Siphuncle narrow, tubular, lying dorsal of the center. At the upper portion it is 2 

mm. distant from the internal side and 11 mm. from the external. In the same stage the 
widths of the siphuncle and the conch are about 2 mm. and 15 mm. respectively. It is 
apparently empty, and the septa appear thickened on both upper and lower marginal 
portion with white organic deposit. 

Remarks: Owing to the fact that the specimen is not well preserved, the generic 
determination of this form is somewhat doubtful. Foerste said.t ‘It is well known at 
present, however, that the chief characteristic of true Lituites consists of the presence 

of deep ventral and dorsal sinuses, shallow lateral sinuses and intermediate crests.’ 

In our shell the apertural end has not been preserved, whether it is provided with such 

sinuses and crests or not isnot known. Furthermore, the coiled part of this form is 

also different from that of the genotype Lituites litwus Montfort, which has the 

volutions entirely in contact. Foerste proposed in 1925 the new generic name 

1. Foerste: Notes on Cephalopod Genera; chiefly coiled Silurian forms, p. 18. 
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Bickmorites, taking Lituites bickmoreanus Whitfield as its genotype. According to the 

description! given by Foerste Bickmorites is a gyroceracone in the early stages with 

strongly marked transverse rib-like annulations and some other important surface 

ornamentations, and its siphuncle lies slightly ventral of the center. Although our 

specimen closely resembles Bickmorites in some aspects, its siphuncle is located near the 

dorsal side and its inner side shows a fairly straight profile in the longitudinal section, 

indicating that there are no annulations at all. It is not desirable to make a new 

genus for our shell until we obtain other specimens of the same form which show the 

external characters. 

From the specific point of view, the present form may be related to Lituites latus 

Angelin? , but the more slender, more slowly tapering, and less bent, straight portion 

sufficiently distinguishes our shell from Angelin’s species. 

Horwwon anp Locatiry: This specimen came from the bed just below the 

reddish limestone at He-chiao, Chung-yang-hsien. The specific name is given in honor 

of Mr. C. Li, geologist to the Institute of Geology, National Research Institute of China 

(C. Li and W. P. Shu Coll.) 

Suborder Gyrtochoanites Hyatt 

Family ONCOCERATIDAE Hyatt 

Genus ONCOCERAS Hall 

Subgenus MELOCERAS Hyatt 

Meloceras asiaticum Yabe 

Plate IX., Figs. 8, ga-c. 

1gt1. Cyrtoceras (Meloceras) cf. ellipticum, Frech: Richthofen’s China, Vol. V, p. 6, pl. II, figs. 

3a-c. 

1920. Cyrtoceras (Meloceras) asiaticum, Yabe: Paleontology of Southern China, p. 52, pl. XVIII, fig. 

14; pl. XXVII, figs. 7a-b. 

This species is represented by several fragments, which enlarge in diameter very 

gently. In one of the smaller specimens (Pl. IX., Fig. g) it is uniformly arcuate and 

about 40 mm. long along its convex side. The cross section is ovately elliptical. The in- 

ternal side seems to be thicker than the external. The siphuncle is situated nearly 

marginal to the external side. It is circular in section and very small in size, measuring 

I mm in diameter, where the corresponding measurements of the shell are 15 mm. in the 

dorso-ventral diameter and 12.5 mm. in the transverse. 

1. Foerste: loc. cit. p. 47. 

2. Angelin-Lindstr6m: Fragmenta Silurica, p. 9, Tab. XI, figs. 1-4. 
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The septa are very closely arranged. The septal distance is about 1.3 mm. at 

the initial portion and very slightly increases to 1.8 mm. at the upper part of the frag- 

ment. The septa are more separated along the convex side than on the concave. The 

camere have been filled with white calcite, but the siphuncle is completely empty, ex- 

cept for the mud filling. 

The test is rather thick, being about 0.5mm. Its surface is covered with 

transverse strize, which are very fine. 

Horizon and Locauiry: Same as Discoceras eurastaticum Frech, with which the 

present specimens are associated. (J. S. Lee Collector). 
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Fig. 
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2a. 

2b. 

4a. 
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PLATE I, 

Gameroceras cf. sivliforme Grabau. Nat. sizes. .cccsiiaee seen saa ys 

View of a portion of the endoconch embedded in rock. 

Loc:—Lo-jo-ping, I-chang-hsien, W. Hupeh. (G. 5S. C. Cat, No. 2826) 

Cameroceras cf. styliforme Grabau. Nat. size........ eee ee ee eee eee 

External view of endoconch, showing the oblique ectoseptal edges on 
the external surface of the endotheca. 

Cross section of the,same specimen, showing older endosepta, the 
aperture of the endocone and the form of the endoconch. 

Loc:—Lo-jo-ping, I-chang-hsien, W. Hupeh. (G. S. C. Cat. No. 2827) 

Cameroceras ct. styliforme Grabau, Nat. sizé...cisoccsessenenee eas 

Longitudinal section of an endoconch, showing the endosepta. 

Loc:—Lo-jo-ping, I-chang-hsien, W. Hupeh. (G. S. C. Cat. No. 2828) 

Gameroceras hava Von. Nate SIG posed iii ae yi oueeeeeaisesde dues 

Longitudinal section, showing the endotheca, last endoseptum, 
endocone and ectosepta. 

. Cross section of same, showing the circular endoconch which is in 
juxtaposition with the ectoconch. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2831) 

Cameroceras subtile Yi. Nat. Size... ccc cee cece tenes 

Longitudinal section of a mature portion, showing the endotheca and 
the nature of stereoplasmic deposit in the camere. 

Cross section, showing the excentric endoconch. 

Loc:—near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2832) 

LE moeey as tebe Gs. MALS SIRS ss eeSeSea8 de wasn keoe es FaH SHER Klas 

A natural weathered section, showing the tubi, one camera in 
length, and the acute apical angle formed by the endosepta. 

Loc:—San-shan-yuan, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. I) 

Endoceras leet Yt. Nat. size... i... ce cee cece eee ceeeeue 

7a. Natural polished section, showing the length of tubi and the last 
endoseptum, The endoconch is wholly filled with calcite deposit. 
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Fig. 

Fig. 

Fig. 

7b. Cross section at the apical end of endoconch of the same specimen, 

10a. 

rob. 

Iroc. 

II. 

ITa. 

IIb. 

showing the excentric endosiphuncle and the form of endoconch. 

Loc.:—He-chiao, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 2) 

V aginoceras belemnitiforme Holm. Nat. Size...... ccs cece eee eee eee 

Longitudinal section, showing the tapering of shell, the ectoseptal 
distances and the position and the size of the endoconch. 

Loc:-—Near Ta-fang village, Yang-sin-hsien, E. Hupeh. (G.S.C. Cat. 
No. 2835) 

Vaginoceras neichianense Yii. Nat. size Ce 

. Longitudinal section, showing the ectoseptal distances, the rate of 
tapering and the endoconch with the stereoplasmic filling. 

. Cross section. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2836) 

Vasmrotergs scent Vii, “Nal; SC eda icaugugagodddiguuwuten dered. 

Portion of a weathered individual, showing the ectoconch with a 
part of endoconch exposed. 

Longitudinal section of same, showing the closely set ectosepta and 
the entirely empty endoconch. 

End view of same, showing the form and position of endoconch. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2838) 

Vaginoceras reedi Yui. Nat. GTZ ic a is sonnei aE a Seee t ehta te cres 

Longitudinal section of a portion of the shell, showing the size ot 
endoconch and the ectoseptal distances. 

Cross section. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2839) 
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Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

5a. 

BG 

6a. 

PLATE. Ii, 

Cameroceras tenuiseptum Hall var. ellipticum Yi. Nat. size......... 

Polished section, showing the endotheca, size of endoconch, and the 

closely set ectosepta. 

Loc:—Nei-chia-shan, near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. 
Cat. No. 2829) 

Cameroceras tenuiseptum Hall var. ellipticum Yui. Nat. size.........- 

View of a portion of specimen weathered so as to show the protruding 
endoconch. 

Loc:—Nei-chia-shan near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. 
Cat. No. 2830) 

Cameroceras Sp. Nats SIZe.¢.s cn che ee uwkerdawee se Geeaaee tad oee wanes 

Polished section of a fragment of the specimen. The endotheca is 
clearly shown. 

Loc:-—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2833) 

Eudoceras grabam Yu, Nat, S12@.064 0000 sa veeceesasswaevese sows 

A natural weathered section, showing the length of tubi, the last 
endoseptum and endocone. = 

Loc:—Shih-lung-sze, Wang-chia-chi, I-chang-hsien, N. Hupeh. (N.R.I. 
Cat. No. 3) 

Vaginoceras endocylindyicum Yu. Nat. SiZ€ saci nvecnawisee cee nnoe 

External view of a natural weathered specimen, showing the rate of 
tapering and the ectosepta. 

. Longitudinal section, showing the long empty endocylinder. The 
section is taken nearly normal to the dorso-ventral diameter of the 
shell. 

Cross section of same, showing the form of ectoconch and the 
position, form and size of endoconch. 

Loc:—Near Ta-fang village, Yang-sin-hsien, E. Hupeh. (G.S.C. Cat. 
No. 2834) 

Vaginoceras neichianense Yu. Nat. eee eee OE Ee SOE RE 

Longitudinal section of the large end of a shell with the last 
endoseptum and endocone. 
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6b. 

Fig. 7. 

7 

Fig. 8. 

Fig 9. 

Cross section, showing the position and form of endoconch, and the 
shape of endocone. 

Loc:—San-shan-yuan, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 13) 

Vaginoceras netchianense Yt. Nat. size CD 

Polished section of the superior part of the specimen, showing the 
endocylinder and the ectosepta with a very small amount of 
stereoplasmic deposit. 

. Cross section, showing the form and position of endoconch. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2837) 

Vaginoceras uniforme Yu. Nat. size Cr 

. Longitudinal section of a mature portion of a shell showing the 
uniform ectoseptal distances and the rate of tapering. 

. Cross section, showing the form of the marginal endoconch. 

*Loc:—San-shan-yuan, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 14) 

Vaginoceras uniforme Yi. Nat. size CS a 

Longitudinal section of a fragment of the specimen. showing the 
ectoseptal distances and the size of endoconch. 

Loc:—San-shan-yuan, Chung-yang-hsien, SE. Hupeh. (N.R. I. Cat. 
No. 15) 
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Fig, 

Fig. 

Fig. 

Fig. 

Fig. 

Ta. 

Ib. 

PLATE III. 

; I 
Vaginoceras wahlenbergt Foord. x SUT teense nena 

A natural polished section, showing the rate of tapering and the 
ectoseptal distances of the borken lower portion of the specimen. 

Longitudinal section, showing the endoconch, the endocylinder, and 
the ectosepta. The section is transverse to the dorso-ventral diameter 
of the shell. 

Loc:—Tai-hung-shan, Nan-chang-hsien, N. Hupeh. (N.R.I. Cat No. 4) 

Vaginoceras endotylindricum YU, % = ccseiveuwessdae ss esiwaeene 

A natura! section, showing the rate of tapering. 

. Cross section at the stage f of the same specimen, showing the forms 
of ectoconch and the submarginal endoconch. 

Longitudinal section of a fragmentary portion of the same shell, 
showing the long endocylinder, endocone and the last endoseptum. 

Cross section at the stage h of same, showing the submarginal 
endoconch with a very small endosiphuncle at its middle part. 

Loc:--Ta-wu-shu, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 7) 

Vaginoceras endocylindricum Yi. Nat. Size....... ccc ecee cee euees 

. View of a natural section weathered so as to show a part of the 
endoconch preserved at the apical part of the fragment. 

Cross section at the lower end of the shell, showing the form of 
ectoconch and the position of the endoconch. 

Loc:—Ta-wu-shu, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 8) 
I 

Vaginoceras giganteum Yi. KBr ttt e ete ett e ete e eee eee ee 

. Natural polished section, showing the rate of tapering, the depth of 
septa and the endoconch. The endoconch at the middle part of the 
specimen has been partly weathered away. 

Cross section with an excentric endoconch. 

Loc:—Ta-wu-shu, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 16) 

Ovthoceras chinense Foord. Nat. S126... 0205x645 sceasesaceuncwsaus 

. Longitudinal section, showing the length of septal necks, the depth of 
cameree and the rate of tapering. 

Cross section, showing the position of the rounded siphuncle. 

Toc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2843) 

(11) 82 

Pp» 39 

P. 33 

P. 33 

Ps 45 

p. 46 



A SINICA PALAEONTOLOGI 

nae Bh hina 
C 

a of Central Ordovician Cephalopod oe hue (C Gs 

SR 
S
S
C
S
 

e
a
s
 

a
e
 

i
T
 

ae
 





Fig. 7 

Fig, 3, 

8a 

8b. 

Orihoceras cl. patilum M'’Coy. Nat. SiZ6.ccnccseecvevewexwnenw wees 

A natural weathered section with a part of siphuncle preserved at the 
upper end of the specimen. 

Loc:—Ta-hung-shan, Nan-chang-hsien, N. Hupeh. (N.R.I. Cat. No. 32) 

Orihoceras vanpizeense Yu. Nat. Size..dicssecsaiwe vovters ss eee es 

External view of an internal mould of the shell, showing the V-shaped 
lobes formed by the septal sutures. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2851) 

Orthoceras yangtzeense Yi. Nat. size Ce 

. External view of an internal mould, showing the V-shaped lobes. 

End view of the same specimen, showing the size and form of the 
submarginal siphuncle at the opposite side of the V-shaped lobes. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2852) 
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Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Oa. 

Pia Te ay, 

Vaginoceras wahlenbergi Foord var. cylindrica Yu. Nat. size........ 

Longitudinal section, showing the endocylinder, the ectosepta and the 
rate of tapering. 

Loc:—He-chiao, Chung-vang-hsien, SE. Hupeh. (N. R.I. Cat. No. 5) 

Vaginoceras wahlenbergi Foord var. cylindrica Yu. Nat. size........ 

Natural polished section, showing the rate of tapering and the depth 
of ectosepta. 

Longitudinal section with a large endocylinder. The section”does 
not pass through the middle part of the endocylinder in the 
upper part of the specimen. 

Loc:—-Liu-chia-sze, Hsien-ning-hsien, SE. Hupeh. (N.R.I. Cat. No. 6) 

Pagimigus st Vi, INa Siicegacend srs oeeu eet yatid beweanwe 

. A natural polished longitudinal section, showing the very long tubi, 
endosepta, depth of ectosepta and the rate of tapering. 

Cross section with a submarginal endoconch. 

Loc:—Wang-chia-sze, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 11) 

Orthoceras chinense Foord. Nat. size...... 0.0... eee ees 

. Longitudinal section, showing the tapering, the septal necks and the 
depth of camerw. 

Cross section, showing the form of shell and the size of the central, 
circular siphbuncle. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2844) 

Orvinoceras repuiare Schiotheim. Nat. s126.2..24080¢4e66 sabes eee esau 

Longitudinal section, showing the septal necks, septal distances and 
the rate of tapering. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2848) 

Oviiocoras yerulare Schilothem,. Nat. M86c0.civew en eerdes townawn® 22 

Longitudinal section, showing the tapering, the septa and septal necks. 

Cross section, showing the form of shell and the position of siphuncle. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2840) 

Orioteras squamutuinm Barrande, Nat. S16... .0s.scurevasacar se 

(21) SG 

Pp. 

Pp. 

32 

32 

= “J 

40 



PALAEONTOLOGIA SINICA 

C. C. Yu: Ordovician Cephalopoda of Central China Nc Pea 





Fig. 

7a, Longitudinal section, showing the deep camer, the short septal necks 
and the gentle rate of tapering. 

. Cross section. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2850) 

Orthoceras rudum Yu. Nat. size Cr 

. Longitudinal section, showing the septal necks and the septal distances. 

. External view of the same specimen, showing the lines of growth. 

. Cross section. 

Loc:—Near He-chiao, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 26) 

(11) 87 





EXPLANATION OF 

PLATE V 

(11) 89 



Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Ta. 

Ib. 

ae) 

4a. 

6. 

PLATE  V. 

Vaginoceras peryangense Yi. x ~ LGA IPR DREORESROS AP NERR ROWS 

Natural polished section, showing the rate of tapering and the 
ectoseptal distances. 

Longitudinal section of the broken apical portion of the same specimen, 
showing the endoconch and the endocylinder. The section is slightly 
oblique to the dorso-ventral diameter. 

Loc:—Pei-yang-shan, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 9) 

Vaginoceras pervangerse Yous Nat. S126:;.020Kesdend vive new ye weeds 

Longitudinal section with a portion of endoconch and some tubi 
adhering to it at the lower part of the specimen. 

Cross section, showing the position and form of endoconch. 

Loc:—He-chiao, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 10) 

Vaginoceras chientzekouense Yti. Nat. size......... 2. ccc eee eee eee 

Longitudinal section, showing the endocylinder and the ectosepta. 

The section is nearly normal to the dorso-ventral diameter of the 
shell. 

Loc:—Chien-tze-kou, Nan-chang-hsien, N. Hupeh. (N.R.I. Cat. No. 12) 

Vagioceras unijorme Vu. Nat, SiZ6.cs.s.4cieesesas exe wens eawwes 

Longitudinal section, showing the uniformity of the ectoseptal dis- 
tances. 

Cross section with a submarginal endoconch. 

Loc:—Near Ta-fang village, Yang-sin-hsien, E. Hupeh. (G.S.C. Cat. 
No. 2840) 

Vaginoceras multiplectoseptatum Yti. Nat. size... 0... ec cee eee ee eee 

Longitudinal section, showing the numerous ectosepta and the 
marginal endoconch. 

Loc.:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2841) 

Vaginoceras multiplectoseptatum Yu. Nat. Size........... cece ee eee 

External view of a weathered specimen, showing the multiple ectoseptal 
sutures and the rate of tapering. 

Loc:—Near Sin-tan. Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2842) 
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Fig, 

Fig. 

Fig. 

8a. 

8b. 

. 10. 

roa. 

rob. 

Orthoceras chinense Foord. Nat. SiZ@........ ccc cee cece cece nceeeees 

. Longitudinal section of the large end of the shell, showing the septal 
necks, septal distances and rate of tapering. 

. External view of same. The regular, flexuous, transverse strie are 
plainly shown. 

. Cross section, showing the form of the shell and the position of the 
siphuncle. 

Loc:—-Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2845) 

Orthoceras sunt YU. Nat. size Ce 

Longitudinal section of the apical portion of the specimen, showing the 
rate of tapering and septal distances. 

Cross section, showing the sub-elliptical form of shell and the position 
of the siphuncle. \ 

Loc.:—Pei-yang-shan, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 29) 

Ovihoceras sini YU... NAL; SIZE x sag asnanyee eee ss open sei p ew iages 

Natural section, showing the rate of tapering, septal necks and the 
depth of camervw. 

Loc:—Pei-yang-shan, Chung-yang-hsien, SE. Hupeh. (N. R. I. Cat. 
No. 30) 

Orthoceras? wongi Yu. Nat. size...... ee eere rT Cert es eee ee 

Longitudinal section, showing the continuous septal necks. 

Cross section, showing the forms of both the shell and the siphuncle. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2853) 
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Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

fa. 

4b. 

PLATE ¥I. 

Orthoceras chinense Foord, Nats SiZé.ccxs0es ss caves sae ees evans es Bp: 

Longitudinal section showing the septal necks, septal distances and 
rate of tapering. 

. Cross section, with a central rounded siphuncle. 

Loc:——Lo-jo-ping, I-chang-hsien. W. Hupeh. (G. S.C. Cat. No. 28,46) 

Orinoceras chinese. Foor, Nat. SIZGiccicoacsas wey anigs las etwas as p. 

Longitudinal section, showing the rate of tapering and septal distances. 

. External view of same, showing the fine transverse strive. 

. Cross section. The small dark ring is not a siphuncle. It is formed 
by cutting the septa just above the septal neck. 

Loc:—Tai-hung-shan, Nan-chang-hsien, N. Hupeh. (N.R.I. Cat. No. 17) 

Oyinoceras densi Vy. ts SIAC sn Goo haves lecias pexews se ennsees p- 

. Longitudinal section, showing the very crowded septa at the apical 
portion of the shell. 

. Cross section. 

Loc:—Chien-tze-kou, Nan-chang-hsien, N. Hupeh. (N.R.I. Cat. No. 27) 

Preiseyeacsras dépran Keed, Nal, SUB over io aeewer ie eie oe eee tases D 

Front view of an internal mould, showing the annulations and the rate 
of tapering. 

Lateral view of same, showing the annulations arched on the backside. 

Loc:—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No. 2854) 

Prototycloceras deprait Reed. Nat, Sigeiy,cisceeee an vase nuke coe aaes p. 

External view of a portion of the mould with fine strive on the 
annulations and the interspaces between them. 

Loc:-—Near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. Cat. No.2855) 

Cyblocerae ep: Nae GIO aesueed cues eles Aor gsas cece peeswes p 

Portion of a mould, showing the oblique annulations and the longi- 
tudinal and transverse strive near the upper end of the fragment. 

Loc:—Tai-hung-shan, Nan-chang-hsien, N. Hupeh. (N.R.I. Cat. No. 35) 
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Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Ib. 

Ie. 

i) 

Pla. VE 

Orthoceras chinense Foord var. kuangchiaoense Yi. Nat. size........ 

. Polished section, showing the septal distances and the rate of tapering. 
The last camera below the living chamber is free from any deposit. 

External view of the same, showing the growth-lines. 

Cross section. 

Loc:—Near Chiang-chia-chi, Kuang-chiao-pu, King-shan-hsien, N. 
Hupeh. (N.R.I. Cat. No. rg) 

é . 5: I 
Orthoceras chinense Foord var. kuangchiaoense Yi. vw > 11. eee eee eee 

A natural weathered section, showing the rate of tapering and the 
septal distances. 

Loc:—Near Wang-chia-sze, Chung-yang-hsien, SE. Hupeh. (N. R. T. 
Cat. No. 20) 

Orihocermas tegsns: Barrandé, Nat, SIG. sc00dewes sev angewee eee sas 

. Longitudinal section of a superior portion, showing the rate of taper- 
ing, septal necks and the septal distances. 

. Cross section. 

Loc:—Near Sin-tan, Tze-kuci-hsien, W. Hupeh. (G.S.C. Cat. No. 2847) 

Oxthoceras véemotum Yui. Nat: SIZGic ce sae cee ed ee vege’ bono ee been 

. A natural polished section, showing the depth of camer:e, the concavi- 
ty of septa and the rate of tapering. 

Cross section, showing the form of shell and the position of siphuncle. 

Loc:—Chai-tze-shan, Hsiang-yang-hsien, N. Hupeh. (N. R.I. Cat. 
No. 25) 

Cyihictras tloneatiin. Vis Nats Sittie sas eds eases ee tow nee ee mada es 

Longitudinal section, showing the long septal distances and the rate 
of tapering. 

Loc.:—Ta-wu-shu, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 31) 
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Fig. 

Fig. 

Fig. 

Fig. 

Vaginoceras? sp. 

External view of an internal mould embedded in rock with sharp im- 

PLATE “Vith 

Pe SS 

pressed annular lines on its surface. 

TLoc:—Pei-hu-pu, Pu-chi-hsien, SE. Hupeh. (N.R.I. Cat. 

Orthoceras chinense Foord var. eccentrica Yu. Nat. size 

Longitudinal section, showing the excentric siphuncle, the rate of 
tapering and the septal distances. 

Loc:—Wang-chia-sze, Chung-yang hsien, SE. Hupeh. 
No. 18) 

Orthoceras chinense Foord var. equiseptatum Yu. 

No. 35) 

(N. R. I. Cat. 

NAEMSIZGy wine ate de Pp. 

Natural polished section, showing the septal necks and the nearly equidis- 
tant septa toward the apertural end. 

Loc:—Peli-hua-pu, Pu-chi-hsien, SE. Hupeh. 

A natural section weathered so as to show a part of siecle ane ne 
septal distances. 

Loc:—Pei-hua-pu, Pu-chi-hsien, SE. Hupeh. 

necks. 

Loc:—Mei-hua-ling, Tung-chiao-cheng, 
(N.R.I Cat. No. 2 3) 

(11) 98 

King-shan-hsien, 

(N.R.I. Cat No. 21) 

Orthoceras chinense Foord var. equiseptatum Yu. Nat. size. 

(N.R.I. Cat. No. 22) 

Orthoceras chinense Foord var. equiseptatum Yu. Nat. size. : 

Longitudinal section, showing the septal distances and is: seal 

N. Hupeh. 
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Big, 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

PLATE TX: 

I. Orthoceras chinense Foord var. equiseptatum YU. Nat. size.......... 

ta. Longitudinal section, showing the septal distances and the septal necks. 

tb. Cross section, with a central circular siphuncle. 

Loc:-—Heh-chia-tzui-tze, Chang-chia-chi, Chung-chei-hsien, N. Hupeh. 
(N..RAD. Gat. No, 24} 

2. Orthoceras densum Yu. Nat. size 

A natural weathered section of a young stage of the shell, showing the 
numerous septa at the apical portion. 

CY 

Loc:—Lin-chia-chung, Kung-chia-wang, I-cheng, N. Hupeh. (N.R.I. 
Cat. No. 28) 

5, GAORTaS 2. TVG Ses ik laa See eee oae ee ees faa NSE eed eee 

Lateral view of the specimen, showing the oblique septal sutures. 

Loc.:—Pei-ting-tze, Hu-chia-chi, Chung-hsiang-hsien, N. Hupeh. 
(N.R.I. Cat. No. 33) 

a, rioeeras sty. Nt S1@biaw eae s vii ye vie ki tone bewe sees eee RSE Ss 

The siphuncle has been completely A natural polished section. 
eroded away. 

Loc:—Between Cha-ti-pu and Chang-chia-chiao, Hsien-ning-hsien, SE. 
Hupeh. (N.R.J. Cat. No. 34) 

5. Discoceras eurasiaticum Frech. Nat. size OY 

Side view of a characteristic shell, showing the costze on the surface 
of the shell and the septal sutures as exposed at the last half volution 
where the test has been broken away. 

Loc:—Nei-chia-shan near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. 
Cat. No. 2856) 

6, Discoceras eurastaticum Frech. Nat. size 

6a. Side view of a smal] specimen, showing the volutions and the costze 
on the surface of the shell. 

6b. Transverse section of same, showing the whorls subquadrate in 
section and the siphuncle marginal to the internal side. The section 
is taken across the middle part of the umbilicus. 

Loc: —Nei-chia-shan near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. 
Cat. No. 2857) 
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Fig. 7. Lituites? i Yu. Nat. size 

Fig. 

Fig 

8. 

ga. 

Side view of natural section, showing the separable volutions, the 
straight part of the shell and the position of siphuncle. 

Loc:—-He-chiao, Chung-yang-hsien, SE. Hupeh. (N.R.I. Cat. No. 36) 

MM elaceras-asraiioune Vabe.. Nati S1Z@. 6.63 Gouds hecho ed A eR p. 66 

Lateral view of a large end of the specimen, showing the curvature of 
the shell. 

Loc:~- Nei-chia-shan, near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.S.C. 
Cat. No. 2858) 

Maloceras aanciim Yabe. Nat. Sin@ii6.iag00eedeidsecceiarn sacies p-. 66 

Longitudinal section of an apical portion of the specimen along the 
dorso-ventral diameter, showing the empty, marginal siphuncle and 
the curvature of the shell. 

. External view of same, showing the surface strice. 

gc. Cross section, showing the form of the shell and the position of the 
siphuncle. 

Loc:—Nei-chia-shan near Sin-tan, Tze-kuei-hsien, W. Hupeh. (G.5.C. 
Cat. No. 2859) 
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BRACHIODODA FROM THE ORTHIS BED OF THE 

NEICHIA FORMATION OF CENTRAL CHINA* 

By M.S. CuHane 

INTRODUCTION 

The material described in this paper was collected by Mr. C. C. Yii, geo- 

logist to the Institute of Geology, National Research Institute, at Taihungshan, 

Nanchang Hsien, Hupeh (Waki ge #Ci) in 1928. When the writer joined 

the Geological Survey last February it was kindly put into his hands for study 

at the suggestion of Professor Grabau. To Mr. Yu he, therefore, wishes to ex- 

press his sincere thanks. Tc Professor Grabau under whose svmpathetic and in- 

Spiring guidance the study was made, he is also greatly indebted. 

STRATIGRAPHY OF THE NeicutA FORMATION. 

In his illuminating study of the geology of the Yangtze Gorges Professor 

J. S. Lee first established the Neichiashan Series, now designated the Neichia 

Formation. It was subdivided into two parts, an upper, the Pagoda Limestone 
and a lower, the Triplecia Beds (New Yangtzeella Beds). The Pagoda Lime- 

stone is a dense gray rock, cnly a few meters thick and characterized by the 

gigantic Orthoceras chinense Foord. The Triplecia (Yangtzeella) Beds, on the other 

hand, ccnsist of an alternation of a dirty green, calcareous shale and slabby brown- 

ish-yellow or light grey limestones of a rather earthy composition with a thin- 

bedded grey limestone at the base. The slabby limestones are evervwhere crowd- 

ed with Triplecia (Yangtzeella) poloi and Clitambonites giraldii. In the list of 

fossils Professor Lee gave the following species: 

Triplecia (Yangtzeella) poloi Martelli (very abundant) 

Clitambonites giraldii Martelli Cg eo 
Orthis calligramma Dalman (not rare ) 

Eccyliopteris sinensis Frech (abundant) 

Vaginoceras duplex Wahlenb. (44 ) 

* Reccived for publication in 1931. 
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Discoceras curasiaticum Frech (Common) 

Endoceras sp. (abundant) 

Cycloceras sp. (very abundant) 

Cytroceras sp. (rare) 

Asaphus cf. expansus Dalman (rare) 

In agreement with Frech, Grabau, Hayasaka, Weller and others, Professor 

Lee concluded that the Neichia Series undoubtedly represents Middle Ordovician 

or the lowest part of the Upper Ordovician, being approximately equivalent to 

the Vaginoceras limestone of the Baltic Provinces of Russia. 

In Nanchang Hsien of northern Hupeh Mr. C. C. Yu found the Neichia 

formation resting conformably on the Ichang limestone. Here as in western 

Hupeh, the Neichia is ccmposed of two parts, a lower yellowish-green shale and an 

upper yellowish-green limestone. The fossils from each were preliminarily de- 
termined by Mr. Yui as follows: 

(a) Fossils found in the lower shale 

Graptozoa: Didymograptus murchisoni 

Didymograptus sp. (several species) 

Brachiopoda: Orthis sp. (several species) 

Orthis calligramma Dalm. 

Dalmanella sp. 

Dinorthis sp. 

Ostracoda: Leperditia sp. 

Trilobita: Asaphus sp. 

Asaphus hupehensis Sun and Yu 
Taihungshania shui Sun and Yi 
Illaenus nanchangensis Sun and Yi 

Bronteus sp. 

Bathyurus minor Sun and Yu 

(b) Fossils found in the upper limestone 

Cephalopoda: Cycloceras sp. 

Orthoceras sp. (several species) 

Orthoceras chinense Foord 

Vaginocer as chientzekouense Yit 

The lower shale unquestionably represents the Triplecia Beds while the 
upper limestcne is the Pagoda Limestone. Because of the presence of the Char- 
acteristic graptolite Didymograptus murchisoni Mr. Yu correlated the former with 

© 
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the Llandeilo of Great Britain and the latter with the Orthoceras limestone of 
Sweden and the Vaginoceras limestone of the Baltic Province of Russia. 

From the above lists of fossils it seems evident that in the Gorge District, 

Yangtzeella. polot is the dominant fossil in the lower shale, but at Taihungshan, 

Nanchang Hsien its place is taken by Orthis and others. In spite cf careful search 

Mr. Yii failed to discover a single specimen of Yangtzeella. The name ‘‘Triplecia 

or Yangtzeella Beds’’ is then not applicable in this case and the new term ‘‘Orthis 

Bed’ is, therefore, introduced. 

Most of the specimens in this lot are impressions of the interior or the ex- 

terior part of the shell. In crder to reproduce the true nature of the fossils the 

making of molds is necessary. Unless otherwise stated, the following descriptions 

are based on the characters of the molds, rather than on those of the specimens 

themselves. 

DESCRIPTION OF SPECIES 
Genus LINGULA Bruguiere 

1. Lingula sp. 

Pl. J, Fig. 1a & b. 

This species is represented by a pedicle valve, the anterior portion of which 

has been broken off. It is oval or ovate in cutline, with the broadest part across 

or below the middle. The beak is not shown, though the posterior region suggests 

slight tapering. The valve is mcderately and evenly convex. The surface is 

so weathered that it does not show any concentric lines of growth or markings 

of any other kind. 

Remarks: The state of preservation of this species renders a precise deter- 

mination impossible. 
Horizon AnD Locauity: From the Orthis bed of the Neichiashan Forma- 

tion, Taihungshan, Nanchang Hsien, Hupeh. Coll. C. C. Yu (Ser. No. X 249; Cat. 

No. 3363). 

Genus ORTHIS Dalman 

2. Orthis calligramma Dalman, var. sinensis Chang (var. nov.) 

Pl. I, Fig. 2a & b. 

cf. 1869. Orthis calligramma Dalman. Davidson, British Fossil Brachiopoda, Pt. VI, No. III, p. 240, 
pl. XXXV, figs. 1-17, varieties, figs. 18-24, (with literature references). 

This species is represented by one internal mold of the pedicle valve. It is 

subquadrate to subsemicircular, wider than high and broadest at the hinge line. 
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The pedicle valve is convex, mcre so in the beak region. The beak is broken but 

a rostral cone is shown resting on the inner surface of the hinge area of the pedicle 

valve. The cone is somewhat triangular in shape, little extended and separated 

from the hinge line by two triangular depressions one on each side. The surface 

is covered by about twenty-one simple, rounded and radiating plications with 

the wider interspaces occupied by four or five fine longitudinal striz. Where the 

weathering has net been complete concentric growth lines can be also seen. 

Measurements: 

Greatest width = 17 mm 

Hinge line = ly Wim 

Height = 15 mni 

Proportion of height to width* = 1.31 
Davidson's Orthis calligramma gives the following measurements: 

Fig. 8, Pl. XXXV, Greatest width = 34 mm 

Hinge line = 29 mm 

Height = 29 mm 

Proportion of height to width = Lilt 

Fig. la, Pl. XXXV, Greatest width = 21 mm 

Hinge line = 15 mm 
Height = 18 mm 

Proportion of height to width = 1.17 

Remarks: This species preserves the essential characters of Orthis calli- 
gramme Dalman but differs in details as shown in the measurements given above. 
Its form suggests Orthis carausii but the plications of our shell are less rounded 
and with the interspaces occupied by fine longitudinal strie. 

Horizon and Locauity: Occurs with the preceding. Coll. C. C. Yi. (Ser. 
No. X203; Cat. No. 3364). 

3. Orthis calligramma Dalman, var. hupehensis Chang (var. nov.) 

Pl. I, Figs. 3a-d and 4a-d. 

The holotype (Ser. No. X202, Pl. I, Fig. 3a) is an external impression of 
i pedicle valve. It is transversely subcircular and wider than high. The hinge 
line is a little shorter than the greatest width which lies about the middle part of 
the shell. The pedicle valve is convex, the central region, extending from the beak 

* The height is taken as 1. 



Vol. I. M.S. Chang :—Brachiopoda from the Orthis Bed (11) 9 

of the Newchia Formation 

to the anterior part, being more pronounced, thus suggesting the presence of a slight 

fold. The beak is small and shows little incurvature. The surface ornamentation 

consists of twenty-four simple and round plications, the middle six being more 

strongly developed. Near the beak the interspaces between the plications are very 

narrow or nearly absent, but they expand very quickly, till at the anterior part of 

the shell they measure one mm. cr a little more. They are also occupied by two 

or three fine longitudinal striz. 

Measurements: 

Greatest width = 13 mm 

Hinge line = 12 mm 

Height = 11 mm 

Proportion of height to width = 1.18 

Another specimen of the same species (Ser. No. X232, Pl. I, Fig. 4a) has 

part of the right side of the shell broken away. It is smaller and a little mcre 

convex, but in other respects agrees with the holotype. 

Remarks: This species resembles Davidson's Orthis calligramma more than 

Orthis calligramma var. sinensis does. It differs only in its smaller size and more 

numerous plications. 

Horizon aNnp Locatity: Occurs with the preceding. Coll. C. C. Yu. (Ser. 

Nos. X 202, X 232; Cat. Nos. 3365, 3366). 

4. Orthis carausii Salter, var. nanchanghsiensis Chang (var. nov.) 

Pl 1 Pig. gad: 
cf. 1869. Orthis carausti Salter, MS. Davidson, British Fossil Brachiopoda, Pt. VII, No. III, p. 229, 

pl. XXAIII, figs. 1-7. ‘ 

This species is represented by a broken exterior impression of the brachial 

valve. It is subsemicircular, considerably wider than high, and has the hinge line 

equal te the greatest width. The valve is almost flat, with a gentle sinus covering 

about seven plications along the middle. The surface is marked by about thirty- 

two round plications which show branchings and bifurcations here and there. The 

plications in the central] part are stronger than those on the sides, thus giving the 

shell a three-zoned appearance. The interspaces are wider and contain fine Icng- 

itudinal as well as faint transverse lamellose strie. 

Measurements: 

Greatest width = 18 mm 

Hinge line = 12 fim 

Height = 11 mm 

Preportion of height to width= 1.64 
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Davidson’s Urthis carausii as represented in fig. 1, Pl. XX XIII, gives the 

following results: 

Greatest width = 18 mm 

Hinge line = 16 Tm 

Height = 115 mim 

Proportion of height to width= 1.57 

Remarks: This species resembles Orthis carausii in its ferm as shown in the 

above measurements. but it differs in the following respects: (1) greatest width at 

the hinge line instead of a little below; (2) more numerous and complicated plica- 

tions; and (3) longitudinal and transverse striz in the interspaces of the plications. 

Had there been more specimens at hand, it might have been even better to create a 

new species. 

Horizon AND Locauiry: Occurs with the preceding. Coll. C. C. Yu. (Ser. 

NO. A2302 Cal. No. 3367). 

5. Orthis carausii Salter, Ms. 

Pl. I, Fig. 6a-f. 

Soy. Orthis carausti Salter, MS. Davidson, British Fossil Brachiopoda, Pt. VII, No. HI, p. 229, pl. 

XNNIIL, figs. 1-7. 

This is represented by the interior mold of the pedicle valve (Ser. No. N204. 

TP}. I, Figs. 6a, 6))) and the impression of an exterior (Ser. No. X205. Pl. I, Figs. 

6c-6f). The former is semicircular and wider than high. The hinge line is at the 

greatest width and a little prolonged, so as tu give the suggestion of the presence 

of ears at the cardinal extremities. which are acute. The valve is moderately con- 

vex in the central region, the sides being coniparatively depressed. The beak is un- 

known, but a rostral cone is present, Which is slightly incurved and bounded on the 

sides by two crescentic grooves. The surface is ornamented by about twenty-five 

simple, rather angular plications with wider interspaces between. 

Measurements: 

Greatest width = 9 mm 

Ilinge line a ee 

Height aa Se 

Proportion of height to width = 1.50 
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Davidson’s fig. 3, Pl. XX XIII measures thus: 

Greatest width = 14 mm 

Hinge line = 14 

Height = 10) 

Proportion of height to width = 1.40 

An exterior impression of another pedicle valve (Ser. No. X205) is less per- 

fect than No. X204. Its greatest width is 6 mm. and the height, 4.5 mm, giving a 

proportion of height to width of 1.33. Its cardinal extremities are less extended 

and its convexity is not so strong. Its plications are also not sc numerous, but 

they show branchings in one or two places. 

Remarks: Except for its smaller size and more numerous plications this 

species agrees well with Orthis carausii Salter, as figured by Davidson. 

Horizon anv Locauity: Occurs with the preceding. Coll. C. C. Yi. (Ser. Nos. 

X 204, X 205; Cat. Nos. 3368, 3369). 

6. Orthis neichiaensis Chang (sp. nov.) 

Pl. I, Figs. 7a-d, 8a-d, ga-d, 10a-b, & 1za-d, and Text-figs. 1-3. 

The exterior impression of a typical brachial valve (Ser. Ne. X 218, Pl. I, 

Fig. 7a) is subquadrate and wider than high. The hinge line is shorter than the 

greatest width which lies about the middle of the shell. The valve is moderately 

flat with a sinal depression along the central portion. The surface is ornamented 

by about thirty-three simple and rounded plications with slightly wider interspaces 

which are occupied by very fine longitudinal and transverse lamellose strie. The 

sinus is bounded by two plications which bifurcate about two mm. below the beak. 

In its center are found four plications which are a little stronger than the others. 

The arrangement of the sinal plications is shown in Text-Figure 1. 

Text-Fig. 1. Arrangement of the sinal plication in specimen No. X 218. 
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Measurements: 

Greatest width = 13 mm 

Hinge line = 10 

Height = 9 

Proportion of height to width = 1.44 

A second exterior impression of a Brachial valve (Ser. No. X 216 PI. I, Fig. 

8a) is cf a smaller specimen as compared with No. X 218. Its measurements are 

as follows: 

Greatest width = 8 mm 

Hinge line tr 3 

Height =) ba 

Proportion of height to width = 1.60 

The sinal depression is very clear and the arrangement of the sinal plica- 

tions is shown in Text-ligure 2. 

Text-Fig. 2. Arrangement of the sinal plications in specimen No. X 216. 

The sinal plications have increased to six instead of four. Bifurcations and 

branchings of plications are in general mcre numerous than in the case of No. X 

218. 

A third exterior impression of the brachial valve (Ser. No. X 220, Pl. I, Fig. 

9a) has the following measurements: 

Greatest width = 13 mm 

Hinge line = § mn! 

Height = 9 mm 

Proportion of height to width = 1.44 

Part of the hinge line is broken away, so its extent is in doubt. No. X 220 

differs from No. X 218 in (1) the lesscr prominence cf the sinus, (2) more bifurca- 
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tion and branching of the plications, thus increasing the number to nearly forty, 

and (3) seven plications in the sinus instead of four, with arrangement as shown in 

Text-Figure 3. 

Text-Fig 3. Arrangement of the sinal plications in specimen No. X 220. 

An internal mold of the pedicle valve is shown by No. X 215, Pl. I, Fig. 10a. 
It is convex, with the beak region slightly incurved. The fold is not prominent. 

The surface ornamentation consists of more than forty plications which show more 

bifurcations and intercalations along the fold than in any other place. 

An impression of the exterior of the pedicle valve (No. X 219 Pl. I, Fig. 11a) 

is a little larger and has a slight fold (representing the sinus). Its plications are 

much more numerous because of their prcfuse intercalations and bifurcations. 

Remarks. This species is characterized by a distinct though ill-defined fold 

in the pedicle valve and a well-developed sinus in the brachial valve. It resembles 

Orthis calligramma only in having striz in the interspaces of the plications. In the 

order described the plications increase in number and grow more complicated. 

Whether this represents a state of progressive evolution is difficult to say, because 

the specimens at hand are too few to offer a definite explanation. 

Horizon anp Locarity: Occurs with the preceding. Coll. C. C. Yu. (Ser. 

Nos. X 215, X 216, X 218, X 219, X 220; Cat. Nos. 3373, 3871, 3370, 3374, 3372). 

7. Orthis ellipsoides Chang (sp. nov.) 

Pl. I, Fig. 12a-d. 

Specimens Nos. X 209 (PI. I, Figs. 12b, 12a) and X 201 (Pl. I, Figs. 12c, 12d) 

represent the interior mold and the exterior impression of the pedicle valve respec- 

tively, which, when put together, fit into each other exactly. The species is of 

subelliptical outline, much wider than high. The hinge line is nct well preserved, 

the shoulders sloping gently from the beak to the cardinal extremities which ap- 

parently mark the greatest width. The interior mold shows the rostral cone separat- 
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ed from the plicated part by a U-shape groove. The surface is covered by about 

twenty angular and rather simple plications with wider interspaces and intercala- 

tions and branchings here and there. 

Measurements : 

Greatest width = 6 mm 

Height =4 ,, 

Preportion of height to width = 1.50 

On the same slab is another specimen of the same species. The valve is a litile 

more convex than No. X 201. The rostral cone shown in the interior mold is larger 

and is separated from the plications by two more or less parallel grooves which do 

not meet antericrly and thus become U-shaped as in the case of No. X 209. The 

grooves become less and less deep as they recede from the beak, till in the anterior 

part of the cone there remains only a trace of them. 

Remarks: This species is very much hke Orthis calligramma Dalman, var! 

Reed (figs. 16-19, pl. V, the Ordovician and Silurian Brachiopoda of the Girvan 

District). It differs in not having fine longitudinal lines within the interspaces of 

the plicaticns and faint transverse lamellose strie. Owing to Reed’s uncertainty 

with regard to his specimen a new specific name is here proposed. As noted by 

him this may be simply the young of Orthis calligramma Dalman, but for the pre- 

sent we will leave it under a distinctive designation. 

Horizon AND Locatity: Occurs with the preceding. Coll. C. C. Yi. (Ser. 

Nos. X 201, X 209; Cat. Nos. 3375, 3376). 

8. Orthis calligramma Dalman. var. intercalare Chang (var. nov.) 

Pl. Il, Figs. ra-b, 2a-b, 3a-b, & 4a-b. 

This species is represented by a number of melds of both the pedicle and the 

brachial valves. It is wider than high and has a hinge line which is a little less 

than the greatest width and the frontal margin regularly curved. The pedicle 

valve is gently convex, the beak being slightly incurved. The rostral cone is pear- 

shaped and marked off from the plicated portion by two crescentic grooves which 

become gradually less deep as they pass farther from the beak. On the surface 

cf the conc are found seven longitudinal raised lines, the middle one being stronger 

than the rest and seemingly continuous with the median plication. The brachial 

valve is flat. A triangular restral cone with a groove occupied by a tongue- 

shaped prcjection which does not reach the top, extends bevond the hinge line. It 
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is surrounded on both sides by a deep depression into which short spines are 
pointing from the edge of the mold. In two other specimens a slight sinus is also 
shown. The surface is covered by about thirty rounded plications with wider 
interspaces and numerous intercalations, especially in the central part of the shell. 

Measurements: 

Greatest width = 13 mm 

Hinge line = 12.5 rm 

Height = 1A. Ta 

Proportion of height to width = 1.18 

Remarks: This species is made a new variety because it differs from Orthis 

calligramma in having intercalations in its plications. The plications of Orthis 

calligramma always remain simple. 

Horizon anp Locatiry: Occurs with the preceding. Coll. C. C. Yi. (Ser. 

Nos. X 224, X 225, X 227; Cat. Nos. 3377, 3378, 3379). 

9, Orthis cf. unguis Sowerby 

Pl. Il, fig. 5a-d. 

cf. 1869. Orthis unguis Sow. Davidson, British Fossil Brachiopoda, Pt. VII, No. III, p. 257, pl. 

XXXVII, figs. 16-22. 

Two specimens representing the interior mold and the exterior impression 

of the pedicle valve are known. They are very imperfect and a discriminate de- 

termination is impossible. They are referred to Orthis cf. unguis Sow. because 

their plications are very angular, a fact not known in the case of Orthis calligramma. 

The shell is rather smali, having a length of four mm. and a width of about 

sixmm. It is almost flat and is ornamented by about fourteen simple and angular 

plications which when viewed from the front simulate the cross section of a roof. 

Horizon anp Locatiry: Occurs with the preceding. Coll. C. C. Yu. (Ser. 

Nos. X210, X211; Cat. Nos. 3381, 3382). 

10. Orthis cf. calligramma Dalman, var. subplicata Reed. 

Pl. Il, Fig. 6a-d. 
cf. 1917. Orthis calligramma Dalman, var. subplicata Reed. The Ordovician and Silurian Brachiopoda 

of the Girvan District, p. 828. pl. V, figs. 10-15. 

Only interior molds of the pedicle valve cf this species are known. The speci- 

mens are rather imperfect and an exact identification is, therefore, difficult. 
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The shell is subquadrate and wider than high, the hinge line being slightly 

less than the greatest width and the front regularly rounded. The pedicle valve is 

strongly convex and a little swollen. The beak is high and a little incurved. The 

rostral cone is highly developed and divided into cne median and two lateral lobes 

by two deep and well-marked parallel grooves. The surface is mostly smocth, 

only marked by plications cn the anterior two or three mm. of the mold!. The 

uumber of plications is not known on account of the broken nature of the specimen, 

but that there are intercalations and bifurcations seems to be certain. 

Measurements: 

Greatest width = 15 mm 

Hinge line = 14 ,, 

Height a ae 

Length cn curvature = 15 mm 

Proportion of height to width = 1.36 

Shell index = 0.93 

Another specimen (No. X 206 Pl. II, Figs. 6, 6a) shows some difference from. 

the above. It is less convex and the hinge line seems to be equal to the greatest 

width. The plicaticns are simple and have no intercalations. A high triangular 

cardinal area is also suggested. 

Remarks: ‘This species agrees well with the descriptions by Reed. It differs 

from Orthis calligramma in being more convex and having plications of a more 

complicated character. 

Horizon anp Locatity: Occurs with the preceding. Coll. C. C. Yu. (Ser. 

Nos. X 208, X 206; Cat. Nos. 3383, 3384). 

Genus PLECTORTHIS Hall and Clarke 

11. Plectorthis sp. 1. 

Pl. WU, Fig. 7a-d. 

cf. 1917. Orthis (Plectorthis) ardiullanensis Reed. The Ordovician and Silurian Brachiopoda of the 

Girvan district, p. 831, pl. V, figs. 33-39. 

This species is represented by the exterior impression of the pedicle valve. 

It is transversely elengated or Spirifer-ike in form, the width being mere than 

twice the height. The hinge line is equal t> the greatest width and part of the hinge 

1. Reed figures a similar mold (pl. V. fig. 13), but his other figures show that the exterior is well 

plicated. 
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area with a smooth surface is also shown. The shell is convex, the convexity being 

more pronounced in the posterior two-thirds of the central region, while the an- 

terior third is abruptly deflected downwards, with a rather strong geniculation. 

The sides of the delthyrium are supported by delicate subparallel dental plates 

which in the impression of the exterior, suggest a rectangular rostral cone with 

sides about one mm. in length. The surface is covered by about forty rounded 

plications, many of them showing intercalations. Concentric lamellose strie are 

also present. 

Remarks: The plications and shape of this species suggests Plectorthis 

ardmillanensis Reed, but its transverse elongation and the absence of longitudinal 

striz within the interspaces of the plications at once separates them. 

Horizon anp Locauity: Occurs with the preceding. Ccll. C. C. Yu. (Ser. 

No. X 212; Cat. No. 3385). 

12. Plectorthis sp. 2 

Pl. JI, Fig. 8a-d. 

cf. 1869. Orthis elegantula Dalman: Davidson, British Fossil Brachiopoda, Pt. VII, No. III, p. aur, 

pl. XXVII, figs. 1-9, (with literature references). 

This species is also represented by an exterior impression of the pedicle 

valve. It is cardiform or has the shape of an inverted isosceles triangle. It is a 

little wider than high and has the greatest width at the hinge line. The beak 

region is filled by the broken rostral cone, margined by the delicate subparallel 

dental plates. The shellis convex, being most pronounced alcng the central region 

thus giving a steeply crescentiform section. The surface is ornamented by round 

and bifurcating plications, the number of which is indeterminable on account of 

the broken conditions of the shell. In the center of the anterior porticn there are 

about five plice in twomm. The measurements are six mm. for height and seven 

mm. for width. 

Remarks: ‘The specimen is too poor for specific identification. 

Horizon anp Locatity: Occurs with the preceding. Coll. C. C. Yu (Ser. 

No. X 214; Cat. N. 3386). 

Genus DALMANELLA Hall and Clarke 

13. Dalmanella cf. elegantula (Dalman) 

Pl. IJ, Figs. ga-d & 10a-d. 

cf. 1869. Orthis elegantula Dalman: Davidson, British Fossil Brachiopoda, Pt. VII, No. II, p. 211, 

pl. XXVII, figs. 1-9, (with literature references). 

cf. 1892. Orthis elegantula Dalman. Hall and Clarke, Paleontology of New York, Vol. VUI, Pt. I, pl. 

Ve. figs. 15-19. 
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This species is longitudinally ovate, much higher than wide. The hinge 

line is a little shorter than the greatest width which les just below the median 

line of the shell. The pedicle valve is uniformly convex and rather strongly arched. 

The beak is moderately protuberant and a little incurved. The surface orna- 

mentation consists of round plications which bifurcate into smaller and secondary 

plications at varying distances from the beak. Because of this feature the inter- 

spaces are very narrow. There are cn the average eight plice in five mm. at the 

front. 

Remarks: This species agrees well with Davidson’s description of Orthis 

elegantula. It differs from Orthis testudinaria Dalman in being higher than wide, 

while in the case of the latter the reverse is usually true. 

Horizon anp Locatity: Occurs with the preceding. Coll. C. C. Yu. (Ser. 

Nos. X 213, X 236; Cat. Nos. 3387, 3388). 

Gcnus RAFINESQUINA Hall and Clarke 

14. Rafinesquina cf. muthensis Reed 

Pl. Il, Figs. rra-b. 12a-b. & 13a-b. 

cf. 1912. Rafinesquina muthensis Reed. Ordovician and Silurian Fossils from the Central Himalayas. 

Paleontologia Indica, Series XV, Vol. VII, Mem. No. 2, p. 43, pl. VIII, figs. 13-15. 

This species is represented by a number of specimens, most of them being 

imperfect. Our best preserved pedicle valve (x 245, Pl. II, Fig. 12a) is semicir- 

cular in outline. The hinge line is slightly shorter than the greatest width which 

lies about the central part of the shell. The pedicle valve is moderately convex, 

more or less strongly arched in front. The beak is small and pointed; the hinge 

area smooth and narrow. The surface is covered by radiating and rather fine 

plications of unequal strength, which bifurcate and intercalate at various distances 

from the beak. In the space of three mm. at the front there are about six plica- 

tions. 

Measurements: 

Greatest width = 19 mm 

Hinge line = 13 mm 

Height = 15 nim 

Length on curvature = 17 mm 

Proportion of height to width = 1.46 

Shell index = 1.06 
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Reed’s fig. 15, Pl. VII, gives: 

Greatest width = 10 mm 

Hinge line = 10 1m 

Height = 7 mm 

Proporticn of height to width = 1.43 

Remarks: Owing to the imperfect nature of the specimen the true status of 
this species is not definitely known. It is referred to Rafinesquina muthensis Reed, 
because their characters are apparently in close affinity. They have, however, 
this difference; the greatest width of Rafinesquina muthensis Reed is at the hinge 
line while that of our species lies about the middle part of the shell. There are 
two other specimens (X 244 and X 246 Pl. II, Figs. 11a and 13a) which come from 
the same slab but shcw a slightly different form. They are mcre or less conical in- 

stead of elliptical in shape. For the present they are classified together with X 

245, but that they may prove to be different is not entirely impossible. 

Horizon and Locauity: Occurs with the preceding. Coll. C. C. Yii. (Ser. 

Nos. X244, X 245, X 246; Cat. Nos. 3389, 3390, 3391). 

CONCLUSION. 

The brachiopod fauna cf the Yangtzeella Beds of the Gorge district is not 

yet fully known. Several years ago Miss Kolarova made a study but her results 

have not yet been published. Judging from the preliminary fossil lists of Pro- 

fessor Lee and Mr. Yui and comparing Miss Kcolarova’s material with the one des- 

cribed in this paper it at once becomes evident that Yangtzeella and Clitambonttes 

are the dominant brachiopods in western Hupeh while Orthis takes their place in 

northern Hupeh as alreadly pointed out in the introduction. A difference of 

faunal facies like this can lead te but one conclusion; namely, the existence of a 

different horizon in the northern district. Whether or not the fact is such and what 

is the exact relation of the horizon to the Yangtzeella Beds in the Gorge District 

if it does exist, remain to be substantiated by further and more detailed stratigra- 

phical work. 
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EXPLANATION OF PLATE I. 

LGN. Saukncbasseh aris pence pupae Cake haNe res eM eer ERAN IGE 

Pedicle valve. Nat. size. 

Same valve x 4. 

Loc:—-Taihungsnan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. No. 3363). 

Orthis calligramma Dalman, var. sinensis Chang .. 

Internal mold of the pedicle valve. Nat. size. 

Same mold x 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 5S. C. Cat. No. 3364). 

Orthis calligramma Dalman, var. hupehensis Chang 

ie 

External impressicn of the pedicle valve of the holotype. Nat. size. 

Gutta percha mold of same valve. 

3c=3a x 2. 

3d=3b x 2. 

4. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3365a, 3365b). 

Orthis calligramma Dalman, var. hupehensis Chang 

4a External impression cf another pedicle valve. Nat. size. 

4b Gutta percha mold of same valve. 

4c=4a x 3. 

4d=4b x 3. 

D. 

5a Exterior impression of the brachial valve. Nat. size. 

ob 

Loc:—Taitungshan, Nanchang Hsien, N. Hupeh 

(G. 8. C. Cat. Nos. 3366a, 3366b). 

Orthis carausit Salter, var. nanchanghsiensis Chang 

Gutta percha mold of same valve. 

pe=Sa x 2. 

5d=5b « 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G.S. CU. Cat. Nos. 3367a, 3367b). 
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EXPLANATION OF PLATE I.—( Continued ) 

6. Orthis carausti Salter. ..6..666006 oo oooooooooooooooooocoovoccccccececeececcseneee P. 10 

6a Interior mold of the pedicle valve. x 2. 
6b Same mold x 4. 

6c Exterior impression cf another pedicle valve x 2. 

Gd Gutta percha mold of same valve x 2. 

6e=6c x 4. 

6f=6d x 4. 

Loc :—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8S. C. Cat. Nos. 3368, 3369a, 3369b). 

7. OUvthis netohtaenses WANG piv sdxed aig naesaevaxcdasaeaewsa asian damnesneks | game | 

7a Exterior impression of the brachial valve, Nat. size. 

7b Gutta percha mold of same valve. 

Tesla * 2. 

T7170) & 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3370a, 3370b). 

8B, Orthis newthitenais CNENS cca scny. ca enaces fesessge seed peas ane eee Pu 

8a Exterior impression of another brachial valve x 2. 

8b Gutta percha mold of same valve x 2. 

8c=8a x 4. 

8d=8b x 4. 

Loc:.—Taihungshan, NanchangHsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3371a, 3371b). 

9: Opiiis neiehioensie Chane cic1ccis viii nwnasvberaieneaaseeaas nes vareatedseatwins Pp. TL 

9a Exterior impression of a third brachial valve. Nat. size. 

9b Gutta percha mold of same valve. 

NGH Ua «2. 

Sd=Sb- x 2, 

Loc:.—Taihungshan, NanchangHsien, N. Hupeh. 
(G.5. C. Cat. Nos. 3372a, 3372b). 
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10a Interior mold of the pedicle valve. Nat. size. 

10b Same valve x 3. 

Loc:.—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. S. C. Cat. No. 3378). 

Ll. Ovthis nerbiaenss CNENS ccccciesscasuseieeasstinseoes specsaeaangans nice 

lia Exterior impression of another pedicle valve. Nat. size. 

11lb Gutta percha mold of same valve. 

lic=114. x 2. 

lid=l1b x. 2; 

Loc:-—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3874a, 3374b). 

1S, (Oprhes Ce sncties MANA: 512k idan taaeapaiencanw nds atys eieidnpionendenaned shame 

12a Exterior impression of the Pedicle valve x 2. 

12b Interior mold of the pedicle valve x 2. 

12c Interior mold x 4. 

12d Exterior impression x 4. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3375, 3376). 
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EXPLANATION OF PLATE II. 

Orthis calligramma Dalman, var. intercalare Chang ..........-....06 

Interior mold of the pedicle valve. Nat. size. 

Same mold x 3. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. &. C. Cat. No. 3377). 

Orthis calligramma Dalman, var. intercalare Chang .................. 

Interior mold of the brachial valve. Nat. size. 

Same mold x 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. No. 3378). 

Orthis calligramma Dalman, var. intercalare Chang .................. 

Interior mold of another brachial valve x 2. 

Same mold x 4. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. No. 3380). 

Orthis calligramma Dalman, var. intercalare Chang .................. 

Interior mold of a third brachial valve. Nat. size. 

Same mold x 3. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 3. ©. Cat. No. 3379). 

OGTIGS 425, WRU OW ETI Y pissnn nein Si peniG Lease apomalisesd act eget elenes 

Interior mold of the pedicle valve x 2. 

Same mold x 4. 

Exterior impression of the pedicle valve x 2. 

Same impression x 4. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3381, 3382). 
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EXPLANATION OF PLATE II.—(Continued) 

Fig. 6.. Orthis cf. calligramma Dalman, var. subplicata Reed ................ Pel 

6a Interior mold of the pedicle valve. Nat. size. 

6b Same mold x 2. 

6c Interior mold of another pedicle valve. Nat. size. 

6d Same mold x 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. S. C. Cat. Nos. 3883, 3384). 

He ie, WP Teron So A axon ccieadinenecanpanilian emai gituas Gauss Raven oexatanieneaceonoue:! bra 

7a Exterior impression cf the pedicle valve. Nat. size. 

7b Gutta Percha mold of same valve. 

fé=/a « 2. 

id= (bo x 2, 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Nos. 3385a, 3385b). 

Eig So. SERIE Sy. 2 apc aciesesenawiweshioaeaanaiantudsaa sana useecenees P. 17 

8a Exterior impression cf the pedicle valve x 2. 

8b Gutta percha mold cf same valve x 2. 

8c=8a x 4. 

sd=sb x 4, 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8S. C. Cat. Nos. 3386a, 3386b). 

Fig, 9, Dolmanetla ef. elegantild Dalman scscccsecssssascwnsvorisenes auessenscesttines Py iF 

9a Exterior impression of the pedicle valve. Nat. sizv. 

9b Gutta percha mold of same valve. 

No 9a. % 8; 

9d=9b x 3. ' 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

iG. S. C. Cat. Nos. 3387a, 3387b). 
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lig. 10... Dobwencila (ct, elepantula Daliwate :-cnisesosviccuiivaceiwacexstavenneeaetaenes 

10a Exterior impression of another pedicle valve. Nat. size. 

10b Gutta percha mold of same valve. 

10c=10a x 3. 

10d=10b x 3. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G.S. C. Cat. Nos. 3388a, 3388b). 

Pig. 11, deapinesquine ef. yijithensie lOO) csowiwsverscadnoscenatsssiaairemvaesvssal 

1la Pedicle valve. Nat. size. 

11lb Same valve x 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. No. 3389). 

Fie. 12, ddepimesgeorna ef. -mutiensis Reotl iis ssncnweuwcvsssiatarsaidewekeensccivuiien 

12a Another pedicle valve. Nat. size. 

12b Same valve x 2. 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G. 8. C. Cat. Ne. 3390). 

13, Refinesquinag et, authensis Re@Cd vessisysvewwew ve viccgsasdacanveniesviasveanee 

13a <A third Pedicle valve. Nat. size. 

13b Same valve x Q. 

oe 

Loc:—Taihungshan, Nanchang Hsien, N. Hupeh. 

(G.5. C. Cal. No. 3391). 
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NOTE TO THE TRILOBITA 

Throughout this paper the shorter dimension of the lobes of the 

glabella, the occipital ring and marginal rim, as well as of the axial 

rings and pleure of the thorax and pygidium is spoken of as their width. 

This seems desirable, since in comparing them with the separating furrows 

we speak of their shorter demensions as the width of the furrow. Thus 

the combined width of the glabellar lobes and furrows constitute the 

Jength of the glabella, while the combined width of the axial rings and 

furrows constitute the length of the axis of the thorax, ete. The length of 

the lobes consititutes the width of the glabella or thorax as the case may 

be. Itis thus the measurement aloig the longitudinal axis of the entire 

animal, which constitutes the width of the lobes or rings of either ceph- 

alon or body, An exception to this is desirable in the case of the anterior 

Jobe of the glabella the longitudinal measurement of which may be 

greater than the transverse. In such cases, to avoid misunderstanding— 

the measurement is further designated by the term antero-posterior or 

longitudinal this referring to the longitudinal axis of the animal as a 

whole. A few deviations from this rule have creptin, these being noted 

in the errata- 



CONTRIBUTIONS 

TO THE 

CAMBRIAN FAUNAS OF NORTH CHINA 

4, oh SUN, 

INTRODUCTION. 

Since the important and extensive studies of Walcott on the Cambrian Faunas of 

China, no work was done in the field until the systematic collection of Chinese fossils, in 

connection with the detailed exploration and mapping, was undertaken by the Geological 

Survey. In 1919 Mr. H. C. T’an of the Survey made a collection of Cambrian fossils 

from the northern rim of the Kaiping Basin which proved of such interest on preliminary 

study by Prof. Grabau, that it was decided to make a more detailed examination of the 

Cambrian as well as other formations of this locality. Accordingly the Survey sent an 

expedition to the Kaiping Basin, in charge of Prof. Grahau, and of this I was a member. 

On our return, the Cambrian material was placed in my hands for study and description. 

In the same year, Dr. J. (% Andersson studied the Sha-Kuo-Tun @ # 1 

deposits in west Fengtien, and brought back a collection of Upper Cambrian fossils from 

this region, where the Upper Cambrian rests disconformably upon the Sinian rocks, 

In the spring of 1928, the National University Expedition, in charge of the 

author, went to Shantung to study the Cambrian stratigraphy of that province. I was 

accompanied by several college students (C. C. Yang, 5. T. Chang, C. C. Tien, 

Y. T. Chao, K. M. Wang, P. Tsai) who assisted me in measuring sections and making 

collections of fossils. 

In the upper part of the Chaumitien limestone of Chau-Mi-Tien, we found a new 

horizon containing many species of Orthoceras and other cephalopods. Associated with 

these are Ptychaspis, Hoorthis and the new genus Changia of the family Dikelocephaline. 

The cephalopods probably represent an invasion of an early Ordovician type of fauna 
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into the region where the Upper Cambrian fauna still persisted. These beds are probably 

to be regarded as still Cambrian rather than the Lower Ordovician. Nevertheless, this 

zone should be separated from the Chaumitien limestone. 

In the Tai-An # ¥ district, we discovered four horizons in Kao-Li-Shan, ® !P Wi 

2 li from the city. Several new genera and species were found in this formation. The 

fauna is closely related to the Ceratopyge beds of Sweden, but it is quite distinct from the 

Chaumitien fauna. All fossils were obtained from the high beds and belong to the upper- 

most part of the Upper Cambrian, while the lower part is unfossiliferous, probably repre- 

senting a part of the Chaumitien limestone. 

A large number of well preserved specimens of Drepanwrau and Damesella were 

obtained from Ta-Wen-Kou, *% j% GW, 50118. of Tai-An. 

In the autumn of 19238, the author revisited the Kaiping Basin with two classes of 

the Geological Institute of the National University; and we made an extensive collection 

of Middle and Lower Cambrian fossils. 

Dr. F. F. Mathieu, geologist of the Kailan Mining Administration, kindly sent 

me the Cambrian material which he had collected at Lei-Chuang & JE and also joined 

us in the field at Chao-Kou-Chuang iii # dE. 

More recently Messrs. Y. T. Chao and C. C. Tien, graduates in Paleontology 

from the National University, and now members of the Survey staff, obtained a large 

number of well preserved specimens of Cambrian fossils from the Kushan beds in 

Lincheng [i $&in southern Chihl, and they recognized also the Manto shale and 

Changhia limestone in that region, but did not find any fossil in it. The horizon found 

by them is the Blackwelderia zone whjch is essentially of Kushan age, and lies discon- 

formably below the Lower Ordovician, They also found a new genus of the order 

Proparia characterized by having long genal spines on the fixed cheeks. 

The present contribution covers the material so far obtained from North China, 

but it does not exhaust the field. A second contribution will be issued after further 

extensive collections have been made. 

Hight new Genera and subgenera, and forty one new species are described in this 

paper, 

In conclusion, I wish to express my thanks to Mr. K. C. Liu for making the 

drawings; to Dean C. Ho for his kindness in arranging the university excursions. and 

to Drs. W. H. Wong and H. T. Chang for suggestions and criticisms. Finally I am 

under great obligations to Prof. Grabau who has put the material in my hands for study, 

and given many suggestions and directions. 
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STRATIGRAPHIC SUMMARY 

The Cambrian is known at present from Chihli, Shantung, Shansi and Man- 

churia. The lithologic character of each formation varies according to the condition of 

the deposition. Generally the southern regions (Shantung etc.) are characterized by 

limestones in the Upper Cambrian (Chaumitien), while this formation is represented by 

shales interbedded with Wurmkalke in Chihli. Farther north-east (Manchuria), a part 

of the Changhia limestone is replaced by the red shale. 

The subdivisions of the Cambrian as now recognized in North China are as 

follows: 

SUPER-FORMATION 

Lower Ordovician 

Probably a disconformity in all cases; (ascertained in many). 

CAMBRIAN 

Upper Cambrian 

Féngshan series 

Chaumitien formation 

Middle Cambrian 

Kushan formation 

Changhia formation 

Lower Cambrian 

Manto formation 

CHIHLI PROVINCE 

A. Karrine Basin. The Cambrian strata are well developed in the Kaiping 

Basin and the subdivisions are as follows: 

ORDOVICIAN 

Yehli limestone 

disconformity 

Upper Cambrian 

5 Féngshan series 200-300 ft. 

4 Changshan series 150-200 ft. 

Middle Cambrian 

3 Kushan formation (a part) 0-50 ft. 

2  Changhia limestone 300-400 ft. 
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Lower Cambrian 

1 Manto shale 400-500 it. 

disconformity 

SINTAN 

Black limestone 

Manto rormation—This is the oldest known Cambrian division of North 

China, It consists mostly of red, purple and green shales, sometimes interbedded with 

sandy limestones. It occurs in Chao-Kou-Chuang, i # HE Lei-Chuang #7 J and 

especially in Chéng-Shan, ## 1) where the section was made. ‘The following species are 

found in this formation: 

Brachiopoda 

1 Acrothele cheni Sun 

2 Lingulella manchuriensis? Walcott 

3 Obolus sp. 

Trilobita 

4 Conokephalina gerardi Sun 

5 Conokephalina kaipingensis Sun 

6 Ptychoparia (Emmrichella) chéngshanensis Sun 

7 Ptychoparia sp. 

8 Ptychoparia yohi Sun 

9 Ptychoparia fongi Sun 

CHANGHIA LIMESTONE—This consists of oolitic limestone and various shades of 

massive limestone. It is found in the northern slope of Chéng-shan and is usually called 

cliff limestone. It contains the following species: 

Brachiopoda 

1 Nissusia hayasakai Sun 

Trilobita 

2 Solenopleura nodosa Sun 

3 Anomocare flava Walcott 

4 Lisania rectangularis Sun 

5 Lisania? hsuchiachuangensis Sun 

6 Damesella blackwelderi var. minor Sun 

7 Dorypyge richthofeni Dames 

8 Dolinometopus deois Walcott 

9 Crepicephalus sp. 

KusHAN sHALE—A part of this formation may be present, but so far no fossils 
have been found. 
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CHANGSHAN sFRIES—This series consists of red or purple shales with seven or 

eight intraformational (edgewise) limestone conglomerates (wurmkalke). The red shale 

is richly fogsiliferous and is found in Jén-Chuang, ff #£ 2 li N. of Chao-Kuo-Chuang, 

and Chéngshan, The lithological charater of this red or purple shale is not unlike that of 

the Manto shale, but it can le distinguished by the series of wurmkalk beds interbedded 

with it. The detail section is given in the bulletin® of the Geological Society of China 

(Vol. II No, 1-2). p. 94-45. It contains the following species. 

Brachiopoda 

1 Obolus mollisonensis? Walcott 

2 Eoorthis sp. 

Trilobita 

3 Changshania conica Sun 

4 Changshania? truncata Sun 

Agnostus hoi Sun Ct 

Obolus mollisonensis? Walcott is an American species from the Upper Cambrian 

of North American. Hoorthis is one of the Upper Cambrian genera. The other genera 

and species are new. Lithologically the red fossiliferous shales are interbedded with 

intraformational conglomerates (Wurmkalke) which are characteristic of the Upper 

Cambrian. This series corresponds to the lower part of the Chaumitien limestone of 

Shantung. 

FENGSHAN SERTEX—This series is composed of shales and thin-bedded limestone 

(calcilutite) ; and represents the uppermost part of the Upper Cambrian. It is very well 

developed at Féng-Shan JA i in the Yeh-li @ JB region where the disconformable contact 

between the Féngshan limestone and the overlying Ordovician limestone was discovered. 

The Féngshan limestone is also found in Lei-Chuang, Chihh. The most common species 

are as follows: 

Brachiopoda 

— Obolus luanhsiensis Grabau (Mss.) 

We Lingulella kayseri Girabau (Mss. ) 

Trilobita 

3. Ptychaspis subglobosa Grabau (Mss.) 

4 Ptychagpis suni Grabau (Mess. ) 

5 Mansuyia orientalis (Grabau) Sun 

6 Illenurus sp. 

st Anomocare sp. 

* The Upper Cambrian of Kaiping Basin by the author. 
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This is a new fauna and entirely distinct, and may be called the Asiatic 

Ceratopyge fauna. The most common specis is Mansuyia orientalis (Grabau) Sun which 

is also abundantly found in the Kaolishan formation. Ptychaspis and Illenurus are not 

uncommon, The formation is certainly of uppermost Cambrian age. 

Ptychaspis subglobosa Gralau also occurs in the Kaolishan formation of Shantung, 

with which formation this Féngshan series is to be correlated. The limestone conglome- 

rate in this formation is unlike the wurmkalk (intraformational conglomerate) which is 

characteristic of the Chaumitien limestone or the Changshan series, 

B. Lincaena, In Lin-Cheng, Rf $& 8. Chihli, a complete section was studied by 

Y. T. Chao and ©, C, Tien. A large number of well preserved specimens were obtained 

from the Kushan formation of that region, none being found in the older formations 

(Manto and Changhia) 

The subdivisions are as follows: 

SUPER-FORMATION: LOWER ORDOVICIAN 

(disconformity) 

Middle Cambrian 

Kushan formation 30-100 ft. 

Changhia limestone 700-800 ft. 

Lower Cambrian 

Manto shale 200-300 ft. 

(diseonformity) 

SUBFORMATION: SINIAN 

The Kushan formation furnishes the following species: 

Brachiopoda 

1. Obolus linchengensis Sun 

Trilobita 

2. Wongia triangulata Sun 

Blackwelderia tieni Sun vs 

4, Stephanocare richthofeni Monke 

5. Black welderia sinensis var. linchengensis Sun 

6G. Tienistion subconica Sun 

Stephanocare richthofent Monke and Llackwelderia sinensis Walcott are present in 

this formation, and it is essentially the Kushan shale horizon of Shantung. One new 

species of Blackwelderia and one new species of Teinistion are also found in this forma- 

tion, The most unique form is the new genus Mongia of the order proparia. This 

genus, Wongia, is quite distinct from any known type of foreign countries, and is 

certainly one of the most characteristic genera of the Middle Cambrian of China, 
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SHANTUNG PROVINCE 

A. Kao Li Susan, This a low hill, 2 li west of Tai An, is composed of limestone 

conglomerate, limestone and shale. The lower part consists of unfossiliferous beds 

oceationally with wurmkalk, and probably represents a part of the Chaumitien formation. 

The upper part is mostly of shale, limestone and limestone conglomerate which is unlike 

the wurmkalk (intraformational conglomerate) of the Chaumitien formation, The follow- 

ing section was made by the class of 1923 of the Geological Institute of the National 

University under the direction of the author, 

25 conglomerate limestone (partly covered) F 4.. .........ccccceeeeee aU Gada 0 
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AE 110: eo ae a ee en TO une tena Cua: Dera Bacuswanek 6 
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The following species are found in the University collection: 

Graptozoa 

1, Clonograptus? cambria San 

Brachipoda 

2, Obolus tainnensis Sun F, 

3. Syntrophia orthia Walcott Fy 

4, Agnostus cyclopygeformis Sun Fy 

5, Ptychaspis subglobosa Grabau Fs 

6. Ptychaspis angulata var. chinensis Sun F, 

(Juadraticephalus waleotti Sun Fy 

8. Kaolishania pustulosa Sun F, 

9, Mansuyia orientalis (Grabau) Sun F, 

10. Taianocephalus grabaui Sun F, 

11. Chuangia batia walcott F, 

12. [llenurus ceres Walcott fF, 

13. Dlenurus Pagoda Sun 

Dr. Walcott has correlated this formation with the Chaumitien limestone of 

the Chang-hia region and referred it to the lower part of that formation, but with our 

present faunal evidence this formation is recognized as younger than the Chaumitien 

limestone and should be given a separate name. 

Ptychaspis subglobosa Grabau also occurs in the same character of limestone 

(limestone conglomerate) of the Féngshan formation, Manswyia orientalis (Grabau) 

Sun is also the most common species in that formation. The succession of the strata and 

the palzeontology clearly indicates that this formation is the equivalent of Féngshan 

limestone of Chihli, and certainly belongs to the upper part of the Upper Cambrian, 

Agnostus eyclopygeformis Sun is very closely related to the European form ul, 

cyclopyge of Sweden, This indicates that the Upper Cambrian sea of China had a close 

connection with that of Europe. That is why many Chinese and European forms appear 

to be identical. 

Ptychaspis angulata Mansuy is found abundantly in the Upper part of the Upper 

Cambrian of Tonking, it is also present in this formation. Hence this formation is 

equivalent to Pfychaspis angulata zone of Indo-China. 

The discovery of the new genus (nudraticephalus of the family Dikelocephalinee 

which comprises the characteristic form of the Upper Camlvian of North America is of 

considerable interest and significance, 
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The presence of Clonograptus and the Cyrtoceras figured by Walcott is of signifi- 

cance, because both are more typical of the Ordovician and must at least be regarded as 

transition types of the Cambro-Ordovician strata. The graptolite was found several 

years ago by Mr. K. W. Hsu during an excursion to the locality in charge of Dr. H. W. 

Wong. 

T agree with Dr. Walcott in putting this formation in the Upper Cambrian, but I 

regret that I cannot follow him in including this formation in the Chaumitien limestone. 

I am disposed to separate this formation under a new name, the Kaolishan (Kaoli) 

formation, and to refer it to the uppermost part of the Upper Cambrian. 

b. CuHaumirien. }KJE This is the type locality for the Chaumitien limestone 

which was named by Willis and Blackwelder. Near the top of that limestone, we found 

a new horizon characterized by a transition fauna. The name of Chaumitien limestone, 

I think, should be restricted to the lower part of that formation, while the upper beds 

characterized by the Ordovician types should be given a separate name. 

The following species are found in the upper zone: 

Brachiopoda 

1. Billingsella sp. 

Cephalopoda 

2. Loxoceras cambria Sun* 

2. Orthoceras nanshanensis Sun* 

Trilobita 

4, Changia chinensis Sun 

Ptychaspis acamus var. punctata Sun On 

6. Ptychaspis tani Sun 

Ptychaspis and Billingsella are the characteristic fossils of Upper Cambrian while 

Loxoceras and Orthoceras are apparently Ordovician forms. 

Because the presence of Ptychaspis acamus Walcott I am constrained to put this 

horizon in very late Cambrian rather than basal Ordovician, and consider that the cepha- 

lopod element is a new invasion. 

It is evident that this formation, characterized by the mixed fauna, should not be 

included in the Chaumitien limestone which is now restricted to those lower beds charac- 

terized by Wurmkalke (intraformational conglomerates). This upper horizon, however, 

may be the equivalent of the Féngshan series of Chihli. 

* These will be described in a reparate paper by the Author. 
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ce. Tawenkovu. AX This place, 50 li south of Tai-An, is well known for Stone- 

swallows. This formation is very fossiliferous and of Kushan age. The lower part furni- 

shes a large number of Drepanuras while the upper contains some Blackwelderias and 

Damesellas. 

The following species were found in this formation: 

1. Dyrepanura premesnili Bergeron 

2. Drepanura ketteler1 Monke 

3. Agnostus douvillii Bergeron 

4. Liostracina krausii Monke 

5. Shantungia spinifera Walcott 

6. Agnostus kushanensis Walcott 

7. Stephanoeare richthofeni Monke 

8. Damesella sp. 

9. Blackwelderia sp. 

FENGTIEN PROVINCE 

Only the Upper Cambrian is known from Sha-kuo-T’ un, Chin-Hsi-Hsien, #0 

west Fengtien. ‘The fossils were collected by. J. G. Andersson, mining adviser to the 

Chinese Government. The section is given in the Bulletin of the Geological Society 

of China (Vol. II No. 1-2 p, 1U1.). 

The following species are found in this limestone: 

Trilobita 

1. Ptychaspis walcotti: Mansuy 

2, Ptychaspis acamus Walcott 

3. Ptychaspis chinhsihsiensis Sun 

4. Ptychaspis (Anderssonia) féngtienensis Sun 

5. Agnostus sp. 

Brachiopoda 

6. Eoorthis shakuotunensis Sun 

This formation is characterized by two new species of Ptychaspis and certainly 

belongs to the Upper part of the Cambrian. The Lower and the Middle Cambrian are 

absent in this region and the Shakuotun limestone lies disconformably upon the pre- 
Cambrian (Sinian) rocks. 

The subdivisions of the Cambrian of N. China are as follows: 
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F AR 

SHANTUNG CHIHLI FENGTIEN 

* TAIAN REGION CHANGHIA REGION KAIPING BASIN CHINHSTHSIEN 
a 

: F 2, =) ; 
U. ©. Kaolishan limestone = Orthoceras Zone € Fengshan limestone Shakuotun limestone 

Chaumitien as si ; o : 
limestone? a Chaumitien limestone a Changshan series 

M. ©. Kushan formation 5 Kushan formation a ushan shale 
=] z ‘ 

Gy auiletnwaemagsluneas marke v Changhia limestone 3 Changhia limestone 

ie) 
L. €. Manto shale Manto shale Manto shale 

From the lithological, and stratigraphic relations, and the Paleontology, it is clear 

that the early Middle Cambrian sea, must have been free from mechanical sediments to 

permit the formation of oolitic limestone and then become gradually shallow in the late 

Middle Cambrian and the Upper Cambrian time permitting the formation of shales and 

intraformational conglomerates. 

The Lower Cambrian sea of China had no connection with the Atlantic or the 

Boreal province; but the Middle Cambrian was to some extent confluent with the Boreal 

and west American Provinces, and more particularly was this the case in Upper Cambri- 

an time. 

A number of American genera, and even species are found in this country, 

though, on the whole the faunas are quite distinct. 

DESCRIPTION OF SPECIES 

Class GRAPTOZOA Grabau 

Genus CLONOGRAPTUS Hall 

Clonograptus? Cambria Sun (sp. nov.) 

Plate I. Fig. 1. 

This species is only represented by one stipe slightly curved. 

Stipe somewhat rigid and slender. Thece fifteen to sixteen in 10 mm., slender 

tubes inclined 30° or more. Apertural margins concave oblique, conspicuously mucro- 

nate. Each theca averages 1.5 mm. in length and 0.5 mm. in width. Maximum width 

of stipe about 1 mm. 

Tn form this species resembles Clonograptus tenellus from the Dictyonema shale 

of Sweden and England; but it differs in that it has 15 or 16 thecee in 10 mm. while in 

C. tenellus only 10 thece are found in 10 mm. As the generic determination is mainly 
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based on the number of stipes, and only one stipe of this species is known, the generic 

determination of this specimen is still somewhat doubtful. 

This species occurs in a thin slab of gray limestone which was collected several 

years ago by Mr. kK. W. Hsu ((@f#) of National South Eastern University. 

Horizon anp LocaLity: Upper Cambrian; Kaolishan limestone of Tai-An, 

Shantung. 

Clas ANNELIDA 

Cenns CLIMACTICHNITES Logan 

ClimactichnitesZjmathieui Sun (sp. nov.) 

Plate I. Fig. 2. 

One specimen from Luanchou contains the trails of an annelid, which apparently 

belongs to Climactichnites. The trails of Climactichnites were also found in the Upper 

Cambrian of New York and Wisconsin, N. America. 

Woodworth suggests that the animals which made these trails were mollusks ca- 

paple of crawling up from the water at low tide, while Walcott thinks the trails were 
certainly made by annelids. 

T agree with Dr. Walcott, because many annelids have been found in the Cam- 

brian strata. 

The Chinese form is represented by an impression of the trails on the under side 

of the rock, which clearly shows the character in relief, 

It is small, being only 3.5 mm. in width having 8 grooves in 1 em, indicating 

that it was the trail of an annelid of ordinary size. 

This species is quite distinct from any known foreign species. I take pleasure in 
naming it in honor of Dr. F. F, Mathieu, geologist of the Kailan Mining Administration. 

Measurements : — 

Average width of groove with very narrow ridges 

Beet IN ssc casas 95 Sa Spatecubeanaedetediceh aeuAA “eet teenae ones 1 mm. 

Horizon aAnp Locauity: Lower Cambrian, Manto shale of Luanchou; collected 

by Dr. F. F. Mathieu. 
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Clas BRACHIOPODA Duméril 

Genus OBOLUS Eichwald 

Obolus (Westonia) leei.Sun (sp. nov.) 

Plate I. Fig. 3a-3e. 

Shell of medium size, depressed convex; general form broadly ovate, almost sub- 

quadrate, with the pedicle valve obtusely acuminate. The frontal margin nearly straight, 

both sides are nearly parallel, regularly and gently rounded; posterior margins straight on 

both sides of the beak, meeting at the latter at an angle of about 125°. Shell little 

longer than the wide. 

Surface marked by coarse concentric lines of growth and the characteristic orna- 

mentation. This appears to be formed of a very fine network of oblique depressed lines 

which divide it into minute diamond-shaped spots, a surface which resembles, under a 

strong lens, the texture of finely woven cloth. 

This species is represented by only one valve of the sheil; the measurements are 

as follows: 

LGN G ths op soe cpenpaedias eases ee er rer eee 9.0 mm, 

WW 10 GUE ceusa neuer coi aaunsaaae acu sieaiwatuaion eae eaetoncouasee 8.5 mm, 

Horizon anp Locantity:—Cambrian: from purple shale of Luan-Chou. Collected 

by Dr. F. F. Mathieu, geologist to the Kailan Mining Administration of Tang-Shan. 

This species is named after Prof. J. S. Lee 4/956 of the National University. 

The surface-ornamentation of this species is not unlike that of Obolus (Westonia) 

stoneanus (Whitfield) from the Upper Cambrian sandstone of Sauk county Wisconsin 

(U.S. A.) but it differs in the broad form of the shell, and also in size. 

This species is characterized by its subquadrate form and reticulated structure of 

the surface, which is a feature quite distinct from that of any known Chinese species, 

Obolus mollisonensis? Walcott 

Plate I. Figs. 4a, 4b. 

1912 Obolus mollisonensis Walcott, Cambrian Geology and Pal. (Smiths. Miscell. coll. Vol. 57) Vol. II 

No. 7; p. £81, pl. 35, figs. 10-12. 

1938 Obolus moilisonensis Walcott, Sun. Bull. Geol. Soc. of China. Vol. II No. 1-2 p. 94 (listed). 
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Shell small, of subovate outline; moderately convex, length and width subequal. 

Posterior border nearly straight meeting at the beak and forming an obtuse aagle 

(110°). Anterior lateral borders rounded, frontal margin more gently rounded. Con- 

vexity most pronounced near the umbonal region, the shell becoming flattened towards 

the front, 

Surface uneven, marked by fine irregular, concentric line of growth, and a few 

coarse concentric wrinkles. 

This shell shows almost exactly the characters. of the species described under 

Obolus mollisonensis by Walcott from the Lower Ordovician of Mount Mollison British 

Columbia, and although the interior characters are not known, I tentatively refer it to 

that species because of the agreement in form. 

This shell also resembles Obolus (Broggeria) saltert (Holl) of the Upper Cam- 

brian and Lower Ordovician of north western Europe, but the surface features of Obolus 

(Broggeria) salteri are absent in our specimens; and the agreement is closer with the 

Mount Mollison specimen. Only two specimens of this species have been found in China, 

one of which is poorly preserved. 

A comparison of the measurement of our best specimen.(Fig. 4 a) and of W. 

American and European forms give as follows: 

Chinese specimen fig. 4a Walcott type 0. (Broggeria) salteri 

Length 5.6 mm, 5.2 mn. 6.0 mm. 

Width 6.0 mm. 5.6 mm. | 6.8 mm. 

Horizon anp Lecanity:—Harly Upper Cambrian: from purple shale of Chang- 

shan formation of Chao-kou-chuang, Luan-Hsien, Chihli: collected by Survey Expedition. 

Obolus linyuensis Sun (sp. nov.) 

Plate I. Fig. 5. 

Shell small, oval; moderately convex, length slightly greater than the greatest 

width. Posterior borders nearly straight meeting at the beak approximately in an angle 

of 80°. Antero-lateral borders rounded. 

Surface marked by lines of growth which are regular, giving a smooth and glis- 

tering appearance, but becoming more coarse in the anterior part. 

This species is represented by only one specimen and characterized by its small 

glistening shell with concentric lines of growth regularly arranged. 
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Measurements :— 

TOOT wystdedsueng Lote d ceed aghern hey sue amaumanesewenioes 4.0 mm. 

B.S b's eee ere On a Pee ME Seon AAA AEM ON RE aR ester econ Tye 3.8 mm. 

This species resembles Obolus willisi Walcott from the Upper Cambrian and Mid- 

dle Cambrian of Alabama, in form, but differs in the absence of the punctate character of 

the surface and also in the character of the umbo and in size. 

Horizon anp Locanity: —Cambrian: from limestone inter-bedded in Manto 

shale of Hung-shan-T‘ou, #1W98 Lin-Yu Hsien: collected by University excursion in 1923 

under the direction of the author. 

Obolus taianensis Sun (sp. nov.) 

Plate I, Fig. 6a, 6 b. 

Shell small, ovate in form, pedicle valve obtusely rounded; valves moderately 

convex, the convexity increasing gradually from the margins to the umbonal portion of 

the shell. | 

Surface marked by concentric lines: when the outer layer of the shell is exfolia- 

ted, numerous radiating strize will appear on the surface. The shell is formed of lamel- 

lose layers, which make a strong thick shell. 

Measurements :— 

TOW ui u core c duaneata ern meenuyeneuaecua Diep aers 8,9 nam, 

Width ........ PE EER aN RRNA Re A ANERS NESTE OEEATEEET eee ST nee 6.4 mm. 

The shell figured by Walcott on Plate II fig. 2, from Kaolishan and provisionally 

referred to O. matinalis Hall may belong to this species, agreeing with it in general 

form and size, though the length of Walcott’s specimen is slightly greater than the 

width. 

This species is distinguished by its oval shape, moderate convexity of the shell 

and the lamellose character of the shell surface. It is represented by many individuals 

which oceur abundantly in that zone, 

Horizon any Locatity:——Upper Cambrian: associated with Ptychaspis subglobosa 

Grabau in the upper beds of Kaolishan limestone (Coll. Y. C. Sun). 

Obolus luanhsiensis Grabau (mss.) (sp. nov.) 

Plate I, Figs. 7 a-7 ¢. 

1883 Lingulelia sp. Kayser in Richthofen China, Vol- pl. 111, fig. 2. 
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1919 Obolus? sp. indet. Walcott, Cambrian Brachiopoda p. 62. 

1992 Obolus iuanhsiense Grabau (mss. ) 

1923 Obolus luanhsiense Grabau, Sun. Bull. Geol. Soc. China, Vol. IT, p. 98 (listed). 

‘Shell moderately large of subtriangular outline and moderate to strong con- 

vexity; length slightly less than the greatest width which is in the anterior third of the 

shell. Posterior borders nearly straight meeting at the beak approximately in a right 

angle. Antero-lateral borders rounded, front straight or more rarely faintly sinuate. 

Convexity most pronounced in the umbonal region, the shell becoming flattened towards 

the front. 

“Surface marked by lines of growth which are fine and regular in the young 

shell giving the surface a smooth appearance, but become coarser and more of the nature 

of faint concentric wrinkles in the adult portion, where the shell is also sometimes charac- 

terized by a few faint radiating wrinkles. Exceedingly fine radiating lines are shown 

under a high power lens on the young shell. 

“Dimensions. Three individuals measure respectively: length 7.6 mm., 5.6 mm., 

6.4 mm., width 8. mm., 5.1 mm., 6.5 mm. 

Horizon and Locatity:—Associated with Lingulella kayseri Grabau in the thin- 

bedded limestone layers of the Féngshan formation of Upper Cambrian age at Yeh-li, 

Luan-Hsien, Chihli; collected by H. C. T’an, 

‘This species is not unlike Lingula petalose Hicks from the Arenig of Whitesand 

Bay (Davidson: Silurian Brachiopoda, pl. XLIX, fig. 30, p. 837). That species is 

described as broadest in the middle, but some of the xpecimens figured by Davidson 

show the greatest width in the anterior third. In this respect, as well as in general 

shape and in size, they agree fairly well with our species.’’ (Grabau). 

Genus LINGULELLA Salter 

Lingulella dimorpha Sun (sp. nov.) 

Plate I, Fig. 8a-8b. 

Shell of medium size, and subrectangular form; length and width approximately 

as six to five. Sides of shell nearly parallel, but gently curved, frontal margin rounded 

at the sides, straight in the center; posterior margins straight on either side of the beak, 

meeting at the latter at an angle of about 150°. 
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Surface marked by two stages of growth lines. The young stage is characterized 

by its undulating growth-lines, while the adult stage is marked by ordinary growth-lines 

crossed by very fine radiating strie. A triangular median depression is slightly marked, 

and outlined by two slightly elevated broad and low ridges which are only seen on the 

perfect specimen of the shell. 

This species resembles Lingulella kayseri Grabau in form, but differs in the char- 

acter of the growth-lines, in the more obtuse beak and also in size. 

This species is characterized by two different stages of growth lines, subrectan- 

gular form, and the obtuse angle of the beak of the shell. 

I 2 

Measurements :— Luanchou Yehli 

eneth icp tks abuegeeecseees 12.00 {bos 

WGC anther tions 10.50 12.8 

Horizon anp Locatrrizs:—Upper Cambrian: from thin-bedded clayey limestone 

of Luan-chou. Collected by Dr, F. F. Mathieu. Also in lower part of Féngshan forma- 

tion near Yeh-li. Coll. by Y. C. Sun, 

Lingulella liui Sun (sp. nov.) 

Piste I, Figs. 9a-9c. 

Shell small, elongate egg-shaped with both posterior and anterior end obtusely 

rounded: depressed-convex, the frontal margin obtusely rounded; width gradually 

increases from the frontal margin to the middle ofthe shell. Beak obtuse with an angle 

of 110°; greatest width is in the middle of the shell. 

The outer surface usually has a glistening appearance and is marked by regular 

fine but sharp concentric strice and coarser lines of growth at frequent intervals. When 

the outer shell is exfoliated, it is distinctly marked by many elongated pustules, and the 

frontal margin by very fine radiating striw. 

This species is represented by three specimens all apparently ventral valves. It 

presents quite distinct a form from any known Chinese species. 

This species resembles Lingulella ferruginea Salter in general appearance, but 

differs in the character of the shell, in the more elongated form, and in the absence of 

the distinct radiating striw. Three specimen measure respectively; length 5.5 mm. 4.9, 

5.5, width 3.5, 3.3, 8.4, 
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Horizon anp Locarrry:—from the Cambrian purple shale of Juan-Chou: 

collected by Dr. F. F. Mathieu. The specific name is given in honor of Mr. ©. P. Liu, 

#IJE# dean of the Geological Department of the National Normal College of Peking. 

Lingulella kayseri Grabau (mss.) (sp. nov.) 

Plate I, Figs. 10 a-10c 

[883 Lingulella sp. Kayser, in Richthofen. Vol- IV, p. 35, pl. IIT, fig. =. 

1919 Lingulella davisii Walcott (non McKoy) Cambrian Brachiopoda p. 489, pl. NXX, figs. 2, 2a; pl. 

XXXI, figs. 6, 6a-h. 

1932 Lingulella kayseri Grabau (mss. ) 

1423 Lingulella kayseri Grabau, Sun. Bull. Geol. Soc. China, Vol. II. p. 98. (listed) 

“Shell of medium size and subrectangular form; length and width approximately 

as five to four, Sides of shell nearly parallel and only gently curved, frontal margin 

rounded at the sides, straight in the center; postericr margins straight on either side of 

the beak, meeting at the latter at an angle of about 125". 

‘Surface marked by growth lines and at intervals by faint concentric wrinkles. 

Crossing these are radiating striae which on the posterior lateral margins, where they ave 

most strongly marked, have an obliquely outward and backward direction, giving a 

pronounced ornamentation to the surface, 

“Dimensions. The following dimensions show the rate of variation in the length 

and width of the shell in millimeters. 

1 2 Richthofen’s, specimens 

Length 10.0 18 11.5 17.0 13.0 

Width ae 8.5 9.0) 13.5 10.5 

“This species appears to be the same as the specimens noted and figured as 

Lingulella clr. nathorsti Linnarson by Kayser, and which were obtained by von 

Richthofen in a greenish-gray thin-bedded or somewhat slaty limestone from Sai-ma-ki 

f34@ Liau-tung, Manchuria. There that species is associated with another shorter and 

rounder form (Qbolus) which appears to be identical with the smaller form associated 

with our species. The associated trilobites in the Liau-Tung region comprise Conoce- 

phalites frequens, Anomocare latelimbatum, Agnostus chinensis. The last two species are 

referred by Walcott to the Middle Cambrian whereas our specimens are associated with 

Upper Cambrian trilobites. It is not impossible that the specimens described by Kayser 
belong to distinct species, They are larger than our specimens and apparently without 

their ornamentation but agree closely with them in form and proportions. 
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‘Horizon and Locatity:—In the Upper Cambrian Féngshan formation of 

Yeh-li: collected by Mr. H. C. T’an” (Grabau). 

Dr. Walcott referred the specimen figured by Kayser to Lingulella davisia 

(McCoy), from which however our species is quite different. McCoy’s species is charac- 

terized by relatively greater width, by a more nearly rectangular umbonal region, and 

by the lack of the characteristic ornamentation found in our species, though this may 

also be absent in the specimens figured by Kayser. 

Genus ACROTHELE Linnarson 

Acrothele cheni Sun (sp, nov.) 

Plate I, Figs. J1a-11b. 

All the specimens representing this species are flattened by compression on the 

argillaceous shale, and are also more or less distorted. 

General form subcircular except for the straight posterior margin. Pedicle valve 

flat due to compression with the apex 2.5 mm. from the posterior margin. A triangular 

false area extends from the apex to the margin; it is defined by a slight depression and 

a low ridge at the outer edges; surface marked by numerous more or less regular lines of 

growth, but not marked by radiating lines. 

Nothing is known of the interior characters, 

This species is characterized by its subcircular form, numerous concentric growth 

striee and the position of the apex. 

A shell 10.5 mm. in width has a length of 9.5 mm, while another measures 9 mm. 

in length and 9.3 in width. 

Horizon and Locauity:—Middle Cambrian: from Changshan shale of Chao- 

kuo-chuang, Luan-Hsien, Chihli. Collected by 8. Chen PR i of class 1925 of the 

Geological Institute of the National University. 

Genus NISSUSIA Walcott 

Nissusia hayasakai Sun (sp. nov.) 

Plate I, Fig. 12. 

Shell semioval with the hinge line a little shorter than the greatest width of the 

shell; surface of shell marked by radiating ribs and also hy a few concentric lines, 
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Pedicle valve convex, ribs become more pronounced in the frontal part of the 

shell. Ribs increase by bifurcation and with nodes on their crests; they are broad, the 

interspaces being narrower than the ribs. A median sinus moderately distinct extends 

from the umbo to the frontal margin of the shell. 

The plications of the shell and the form suggest Huenella; but the nodes on the 

crests of the ribs serve to distinguish it. All species of Huenella except etheridgia are 

from the Upper Cambrian. 

Nothing is known of the interior of the shell. 

This species is characterized by its transverse form. broad radiating ribs with 

nodes on their crests and the less pronounced median sinus. 

Meusurements : — 

Jig BE ie stash hated sector nang Cee van erucmomed an came anaes pau ioc 6 mm 

Wid tlt ele oelai sete Ron ected ors Pecan Shenton 9 mm 

Horizon anv Locarrry:—Middle Cambrian: from Changhia limestone of Chéng- 

shan, 2 li from Luan-Hsien, Chihli (Coll. K. 8. Hsu @ 3688). 

This species is named after the Japanese Paleontologist Dr. I. Hayasaka. It is 

represented by several crushed valves. It is associated with Damesella blackweldert var 

minor, Dorypyge richthofeni ete. 

Genus EOORTHIS Walcott 

Eoorthis shakuotunensis Sun (sp. nov, ) 

Plate I, Figs, 18a-13b. 

This species is represented by a number of the pedicle valves and one interior of 

the pedicle valve. 

“hell moderately convex, subquadrate in outline with angular cardinal extremi- 

ties. Hinge line usually forming the greatest width of the shell. Posterior margin on 

both sides of beak straight, forming an angle of 160 degrees. Median fold faint on the 

ventral valve. 

Surface marked by a few rounded radiating ribs, which where farthest apart 

measure 3 in 2 mm; there are 4 or 5 fine striw between each pair of larger ones. The 

ribs increase in number by interpolation and may appear at any distance from the beak, 

usually becoming coarser near the frontal margin, 
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The associated interior of a pedicle valve (Fig. 13 b.) shows the cardinal area, 

muscular impression and the fracturing and the deflection of the striations along the 

margin of the interior of the valve. 

This species is characterized by a long hinge line, a subquadrate form, and the 

rounded ribs with -t or 5 fine ones between. 

Measurements : — 

Pedicle valve Interior of the pedicle valve 

Length 13.5 mm. 13.0 mm, 

Width 14.5 mm. 14.5 mm. 

Horizon anp Locatrry:—Upper Cambrian: from the Shaokuot’un limestone of 

Chin-Hsi-Hsien, Féngtien; collected by Dr. J. G. Andersson. 

Eoorthis sp. indt. 

Of this species only a broken specimen was found in the purple shale of the 

Chang-shan group. It is marked by transverse form, distinct round ribs with broad 

interspaces, four ribs occupying a space of 2.5 mm. near the frontal margin. 

Horizon anp Locarrtry:—Early Upper Cambrian’ from purple shale of Chang- 

shan group of the Kaiping Basin. Associated with this are Changshania conica, and 

Changshania? truncata: Collected by Dr. F. F. Mathieu and Y. C. Sun. 

Genus SYNTROPHIA Hall and Clarke 

Syntrophia orthia Walcoit 

Plate 1, Figs. 14a-14b. 

1913 Syutrophia orthia Walcott, Research in China. Vol. III. p. 85, pl. 4, figs. 1, la, 1b. 

Dr. Walcott described and figured the external shel] of both valves of this spe- 

cies. His full description is as tollows:— 

‘General form irregularly oval with the ventral view obtusely angular toward 

the apex; rounded, biconvex, with a deep mesial sinus on the ventral and a strong 

median fold on the anterior half of the dorsal valves. 
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“Surface smooth, with the exception of a few concentric striae and lines of 

growth. 

“The ventral valve has a strong median sinus that occupies about one-third 

of the width of the valve at the anterior margin and projects forward to fit into the fold 

in the front of the margin of the dorsal valves; the sides of the median sinus are elevated 

and, with the downward curving lateral slopes, form a strong rounded ridge on each side 

of the sinus; none of the specimens in the collection show the area, but from the profile 

of the valve it must have heen of moderate height, with a rather short apex curving over it. 

‘Dorsal valve with a minute apex from which a narrow, slightly developed 

median fold extends out to about the center of the shell, where it becomes elevated and 

projects forward to the front margin; the remaining portions of the surface are uniformly 

convex, sloping away from the median fold to the margin of the valves’’ (Walcott 

1923). 

In our collection, an internal mold of the ventral valve was discovered. I add to 

the original description the following: 

Othoid form, moderately convex, with a strong median sinus which occupies 

about one third the width of the valve at the anterior margin; the sides of the median 

sinus are elevated, and with the downward sloping lateral slopes form a strong, rounded 

ridge on each side of the sinus. 

Spondylium free not supported by median septum and marked by subparallel 

ridges, merging into the median sinus. Hinge line long forming about the greatest width 

of the shell; postero-cardinal angles angular. 

Surface anteriorly marked by a few indistinct strong lines of growth and especial- 

ly characterized by radiating striz on both lateral slopes. 

Measurements : Ventral valve Interior of ventral valve 

TsO H1e iia cuay ak parce tthe eayes PO Tie wa eroten wa: ma eemnenenees 6.5 mm. 

Wadthyis.chcesiwenaee ee, nas By See TA). acon ceeatceean ee doutict: 7.6 mm. 

Horizon and Locatrry:—From the Kaolishan limestone of Tai-An-Fu. (Coll, Y, 

C. Sun). 

class TRILOBITA Walcott 

Genus AGNOSTUS, Erongniart 

Agnostus cyclopygeformis Sun (sp. nov.) 

Plate II, Figs. la-h. 

Cephalic shield moderately convex, width and length subequal, semicircular in 

outline and slightly contracted at the postero-lateral angles; rim narrow with uniform 
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width ; dorsal furrow shallow and distinct; frontal groove shallow and distinct connecting 

the frontal rim and the glabella. 

Glabella cylindrical, about one-third the width of the cephalon, contracted at the 

middle by slight incurving of the sides. It is divided hy two slightly impressed backwards 

curving furrow into three lobes. The second lobe is distinctly marked hy an elongated 

tubercle; frontal groove shallow and distinct; two small triangular lobes at the postero- 

lateral margin of the glabella. 

Thorax unknown, 

Caudal shield moderately convex, little wider than long, with uniformly elevated 

rim. Axial lobe short, about one third the total length, pentagonal in outline bounded 

laterally by two strong oblique furrows and posteriorly by two slightly impressed curving 

furrows which meet at an obtuse reéntrant angle. <A large, distinct and elongated tubercle 

is situated at the middle of the margin of the axial lobe, Lim) moderately convex, marked 

by a median groove from the median tubercle of the axis near to the posterior margin. 

On cither side of the median tubercle and the caudal groove is a row of nine foramina in 

the form of an elongated elliptical ring. This feature is beautifully shown. 

This species is very closely related to Agnostus cyclopyge Tullberg of Europe. The 

cephalic groove of the head, short pentagonal shaped axial lobe suggest A. cyclopyge; 

but it differs in the absence of the distinct lateral spines and the presence of the elliptical 

ring of foramina of the pygidium. 

This is the first species of Agnostus found in the Upper Cambrian of China, and it 

is significant that it is very closely related to 4d. cyclopyge Tullberg, an index fossil of the 

Upper Cambrian of Europe. 

JMfeasurements : | No. 501 |; No. 502 | No. 503 | No. 504 

Cephalon 

| Length 4.0 4.4 4.8 2.5 

Width 4.0 4.4 4.8 2.5 

Length of the glabella 3.1 3.1 3.51 0.75 

Length of the first lobe | oe 1.0 1.0 0.5 

Length of the second lobe we 0.8 U8 0.5 

Length of the third lobe 1.3 1.3 1.45 0.75 

Width of the glabella at base. 2,0 2.5 oe | Let 
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Pygidiwm No. 507 | No. 508 | No. 509 | No. 510 

Length 5.0 3.1 3.0 3.0 

Width 5.2 3.4 3.2 ee 

Length of the axial lobe es L.0 1,3 1.4 

Frontal width of the axial lobe 2.3 1.6 1.5 1.5 

Posterior width of the axial lobe 1.75 1.2 lel 1.1 

LocaLity anpd Horizon:—Upper Cambrian: lowar part of the Kaoli limestone 

of Tai-An-Fu, Shantung. (Y. C. Sun Coll.) 

Agnostus hoi Sun (sp. nov.) 

Plate II, Figs. 2 a-d. 

1923 Agnostus hoi Sun, Upper Cambrian of Kaiping Basin, Bulietin of the Geological Society of China. 

Vol. II, No. 1-2, p. 98. (listed) 

Head shield round, gently convex forming about two-thirds of a circle; slightly 

contracted at base. Glabella conical gently convex, with tivo small transverse triangular 

lobes forming the postero-lateral portion of the glabella on each side. 

A shallow glabellar furrow curves backwards and separates the small anterior lobe 

and a large posterior lobe; and immediately in front of ttis furrow, is situated a small 

but distinct median tubercle. Dorsal furrow deep and distinct converging toward the 

front. 

Limb of the cephalon moderately convex, sloping down regularly on all sides to 

the margin and marked by a slightly impressed frontal groove in the front of the glabella. 

Border of head shield narrow, rounded, and separated by the strong marginal groove. 

Thorax unknown. 

Pygidium semicircular usually wider than long, moderately convex. 

Axis broad and long, about two thirds the width of the pygidium, laterally cir- 

cumscribed on each side by one strong deep furrow, It is divided by one nearly trans- 

verse furrow into two lobes; the anterior lobe is distinctly marked by the median 

elongated tubercle, especially pronounced near the posterior margin of the lobe; one pair 

of broad transverse furrows opposite the median tubercle outlines four tubercle-like por- 

tions one on each corner of the lobe, 
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The posterior or second lobe, moderately convex in the anterior portion and 

sloping down near to the broad groove; and also marked by one pair of oblique crescentic 

short, broad and.slightly impressed furrows. oe 

Limb very narrow, separated from the axis by a very strong deep Anno broad 

in the inidalo part just opposite the transverse furrow which separates the anterior 10be 

from the posterior lobe. 

Pygidium bordered by a very broad groove and very narrow rim with a pair 

of very short, backwardly projecting spines on the postero-lateral margins, 

Measurements :— 

No, 513 No, 514 
Cephalon - | 

Length 2.4 mm. 2.0 mm. 

Width 2.3 mm. 1.9 mm. 

Length of glabella 1.6 mm, 1.5 mm. 

Width of glabella at base 1.3 mm. 1.2 mm. 

Pygidium 

No. 515 No. 516 
Length 2.5 mm. 2.0 mm. 

Width 2.9 mm. 2.6 mm, 

Length of axial lobe 2.0 mm. 1.7 mm. 

Width of axial lobe 1.5 mmm. 1.4 mm. 

The general appearance of the cephalon, and the large axis of the pygidium 

suggest A. chinensis Dames, but it differs from this in the more conical glabella and the 

detailed character of the axis of the pygidium. Our species, however, is very closely 

related to that species as figured by Walcott, (Research in China, Vol. ITT, pl. 7, fig..5 a) 

but is nevertheless distinct. 

I take pleasure in naming this new species in honor of prof. C. Ho, J 7 dean 

of the Geological Department of the National University. 

Horizon anp Locaniry:—Early Upper or late Middle Cambrian; abundantly 

found in the purple shale of the Changshan formation. Collected by Prof. A. W. 

Grabau and Dr. F. F. Mathieu. 

Genus DORYPYGE Dames 

Dorypyge richthofeni Dames 

Plate TI, Figs. 3a, d. ea ae 

1883 Dorypyge richthofeni Dames, China, Richthofen, Vol. IV. p. 24, plate 1, fig. 1-6. © 9. St 
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1913 Dorypyge richthofeni Dames, Walcott, Research in China, Vol. III, p. 108-169 pl. 8 fig. 31 a-f. 

Doctor Dames gives a detailed description of this species. This species is most 

common, being found everywhere in the Changhia limestone of North China. 

Doctor Walcott points out the following differences between Olenoides and. 

Dorypyge: 

(a) The glabella of Olenoides expands toward the front, while that of Dorypyge 

contracts in front of the pits in the dorsal furrow. 

(b) The pleural lobes of the pygidium of Olenoides have broad, shallow 

furrows with sharp, narrow ridges separating them, while those of Dorypyge have narrow 

furrows with broad, rounded ridges between them. The type of Olenoides, O. nevadensis, 

has a finely granulated surface, and the type of Dorypyge a coarsely granulated surface. 

This species is characterized by a high arched glahella, narrow uptuned frontal 

border, presence of a large distinct occipital node, pustulose character of the surface; and 

a pygidium with spinose margin and with two large strong outward and backward poin- 

ting spines of the postero-lateral margin. 

Measurements : — 

Cranidium 

NGs BLY No. 519 

Length of cranidium 10.0 mm. 13.0 mm. 

Anterior width of cranidium —_ 12.0 mam, 

Posterior width of cranidium 15.2 mm. 20.0 mm. 

Length of glabella 7.5 mm. 10.0 mm. 

Width of occipital’ ring 2.0 mm. Z2- WOT, 

Pygidium 

No. 518 No. 520 

Length 7.5 mm. 10.0 mm. 

Anterior width (exclusive of spines) 13.0 mm. 15.5 mm. 

Posterior width (exclusive of spines) 8.0 mm. 10.5 mm. 

Length of axial lobe 6.5 mm. 8.5 mm. 

Horizon anp Locaniry:—Middle Cambrian: from Changhia limestone of 

Chéng-shan, 8 li from Chao-Kou-Chuang. Collected by University excursion in 1923 

under the direction of the author. 
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Genus TEINISTION Monke 

Teinistion subconica Sun (sp. nov.) 

Plate II, Figs. 4. 

cfr. 1903 Teinistion lansi Monke. Jahrb. Kénigl. Preuss. Geol. Landesanstalt und Bergakademie 

Vol. XXIII, Pl. 1, p. 117, pl. 4, figs. 1-17; plate 9, fig. 3. 

ofr, 1913 Teinistion /ansi Monke Walcott, Research in China, Vol. 3, p. 110, pl. 9, fig, 3. 

This species is only represented by a fragmentary cranidium and an associated 

pygidium. Cranidium moderately convex; glabella strongly elevated, contracted in the 

upper part, with the sides curving inward, very broad at the base nearly twice the width 

of the frontal portion, frontal portion regularly rounded; it is not marked by glabellar 

furrows, but pustuled by scattered granules; occipital furrow very shallow slightly 

impressed. 

Fixed cheeks very broad behind nearly the basal width of the glabella, nearly 

flat, scarcely rising from the dorsal furrow; palpebral ridge well marked, extending 

inward and forward from the palpebral lobe to the front of the glabella. Palpebral lobe 

not well shown in our specimen; frontal border narrow, slightly contracting backward in 

the front of the glabella. Facial suture cutting the anterior border at a point in front of 

the anterior base of the palpebral lobe, thence forming a signoid curve to the eye lobe; 

arching about the palpebral lobe they extend outward and nearly parallel to the posterior 

margin, then abruptly backward cutting the posterior rim. Dorsal furrows deep and 

distinct; occipital ring wide separated from the glabella by a very slightly indicated 

forward-arching occipital furrow; the center of occipital ring broader than the sides. 

Associated pygidium referred to this species transversely semicircular, marginal 

border spinose with the anterior pair of spines very strong and long, gently curved 

backwards. 

This species resembles Teinistion lansi Monke in form, but the subconical gla. 

bella, the narrow frontal border, the proportionally broader flxed cheeks and the pustu- 

lose character of the surface serve to distinguish it from Monke’s species. 

Measurements: —(Cat. 521) 

Length of eranidivm, csniaeucs sansa noes eca eatacewn ta tie 2.8 mm. 

Length. of glabella and occipital T0@.. i410 soscsecsoansess 2.5 mm. 

Width of the glabella at the base wisiweccsierresdueveanwresvces 2.0 mm, 

Horizon anp Locanity:—Middle Cambrian: from Kushan formation of Lin- 

cheng, Chihli. Collected by Y. T. Chao and C. C. Tien. 
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Genus STEPHANOCARE Monke 

Stephanocare richthofeni Monke 

Plate IT, Figs. 6a-c. 

1903 Stephanocare richthofeni Monke, Jahrb. Konigl. Preuss. Geol. Landesanstalt, und Bergakademie, 

Vol. XXIII, pt. 1, p. 136, plate 7, fig. 1-17, plate 8 fig. I-11. (Species described and discussed 

as a new species and the genotype). 

1905 Damesella chione Walcott, Proc. U.S. Nat. Mus., Vol. XXIX, p- 40. (species described and referred 

to Damesella). 

1913 Stephanocare richthofeni Monke Walcott, Research in China, Vol. 3, p. 114, Pl. 7, fig. 17, I‘a-f. 

Drs. Monke and Walcott described this species very fully. From the Lincheng 

material only one large cranidium, one hypostoma and a small pygidium probably of this 

Species are known. 

Cephalon transversely semicircular, moderately convex, Glabella convex, trun- 

cato-conical, slightly rounded in the front, the length is slightly greater than the width 

at the base; a posterior pair of glabellar furrows strong and deep extending obliquely 

inward and backward; a second pair of glabellar furrows very slighly impressed and 

short; the space between the second pair of furrows and the posterior furrows is a little 

wider than that between the first pair and the second pair, A third pair is faintly indi- 

cated. Occipital furrow narrow, transverse, clearly defined; occipital ring not well 

shown owing to the strongly weathered character of the specimen; dorsal furrow narrow 

and distinct. 

Fixed cheeks less than one half the width of the glabella at the base, and moder- 

ately convex; they round up from the dorsal furrow to the palpebral lobe; back of the 

line of which they slope gently to the furrow of the postero-lateral limb, and to the front 

furrow within the frontal margin. Palpebral lobe not shown. Postero-lateral limb nar- 

row and extending over a considerable distance to a rather blunt, rounded end; frontal 

rim in the form of a straight strongly scalloped ridge, with broadly rounded concave 

scallops pointing forward and separated by spine-like ridges which project at right angle 

to the frontal margin and are usually seven in number on the cranidium; frontal ‘margin 

separated from the glabella and fixed cheeks by a narrow furrow which is scalloped for- 

ward in conformity with the scallops of the frontal rim. In front of the palpebral lobe 

the facial suture extends forward and slightly outward to the frontal margin. Postero- 

lateral furrows broad and distinct. Posterior rim scarcely scalloped. 

An associated hypostoma referred to this species is very marked. Central por- 

tion subovate and convex; bordered by a narrow ridge on the side and the posterior por- 
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tion, frontal rim flat and marked by short spines. The posterior third seems to be 

defined by broad shallow slightly arched backward converging transverse depressions. 

Associated pygidium transversely semicircular, with a spinose margin and 

strongly convex axis narrowing backwards at a moderate rate, and devided by shallow 

but sharp transverse furrow into four rings and a broader terminal lobe. Only part of 

the first anterior ring is shown, and the other rings are not well defined. 

Limb almost flat except for abruptly decending marginal portion, the furrows 

crossing the axis prolonged on the limb deviding it into a corresponding number of 

segments, each of which terminated in the marginal spine, those of the last pair being 

shorter than the preceeding ones, 

Surface of cranidium, hypostoma and pygidium marked by numerous depressed 

pustules. 

Associated with this species are Blackwelderia tieni, Blackwelderia cilix var. lin-: 

chengensis, Wongia triangulata, and Teinistion swbconica ete. 

Measurements : — 

Cranidium (eat. 522 a) 

Tose Ot SUAS yes veut earoos ee ree 6.3 mam, 

Wrouited ably OF CEN DeN Oo cuacs's ccogarstecssestie decanter Quast « 3.5 fim. 

Basak: wid lwsor ele ala conc aas ds cuscadeetesnraueandan sense Recess 6.0 mm. 

Width, GE trontal DOrder a viscscis tigatsnnconocta uicenns oxvaurce desde 1.3 mm. 

Distance between two spines of the frontal margins......... 1.0 mm. 

Hypostoma (associated) (cat. 522 b) 

TAO Gh. vapsaldiau« censinvenesee os Sateen mentee 3.7 mm. 

WEED: Sochdive dese SeacenasnadnieGt mad tanawenmenncactpaen ale were 30 mm. 

Pygidium (associated) (cat. 522 ¢) 

Tori 2. aipanayesadenden vice vewes semdonian suemee ve evanlensvad es paminesidans 3.0 mri: 

Anterier Width § i2.cien Gis MAG we ee DI, 

Genus BLACKWELDERIA Walcott 

Blackwelderia sinensis va‘ linchengensis Sun (var. nov.) 

Plate II, Figs. 6a-d. 

cfr. 1913 Blackwelderia sinensis Walcott, Research in China Vol. 3, p- 121-1238, pl. 9 figs. 5, 5a-g. 

This species is represented by several cranidia, separated free cheeks, one 

segment of the thorax and an associated pygidium. 
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Cephalon transversely semicircular, moderately convex, strongly elevated near 

the palpebral lobes, frontal margin straight. 

Glabella large, truncato-conical in outline, moderately convex, marked by three 

pairs of glabellar furrows; the posterior pair of furrows very broad extending obliquely 

inward; the second pair short and slightly impressed; the anterior pair usually not shown 

on the specimens. Occipital furrow transverse slightly arching forward near the center, 

broad in the center and slightly impressed at both sides. Dorsal furrow clearly defined 

extending from the frontal rim to the postero-lateral furrows. 

Fixed cheeks nearly two-thirds the width of the glabella opposite the palpebral 

lobe. They rise from the dorsal furrow to the palpebral lobes and slope with a gentle 

curvature downward both to the frontal limb, and somewhat more abruptly to the pos- 

terior margin, Palpebral lobe strongly elevated, its length nearly equal to the frontal 

width of the glabella; postero-lateral limbs wider than the width of the glahella at its 

base ; occipital ring transverse with uniform width throughout. The frontal border turn- 

up into a narrow elevated rim without line of demarkation from the frontal limb, 

Facial suture decends to the anterior part of the palpebral lobe directly backward 

but slightly inward; then, curving around the latter, passes obliquely outward, and 

backward, cutting the border of the cephalon a little back of the  postero- 

lateral angle. 

Associated free cheek about the same width of fixed cheeks opposite the palpe 

bral lobe with a strong backward extending spine: the body of the cheek rises with a 

gentle covexity to the hase of the eye-lobe. 

The associated thoracic segment has a convex axis about the width of the flat 

surfaces of the pleural Johe on either side, the outer half of the pleural lobe is abruptly 

bent downwards forming an angle of about 120 degrees with the inner portion; surface of 

pleurse marked hy a broad and deep pleural groove which is wider on the flat part than 

on the depressed part. 

Associated pygidium semicircular in outline, with a spinose margin; axial lobe 

strongly convex, subconical, with a narrow and round posterior end: it is divided hy 

transverse furrows into four rings and a wider terminal portion, which has a faint fifth 

depression, indicating a fifth ring; the posterior portion of the axis slopes rather rapidly 
down to the margin; dorsal furrows distinct. Pleural lobes very gently convex for the 
inner halt, the outer portion descending down abruptly. Surface marked by three rela- 
tively deep and |road furrows on either side, and one short shallow furrow slightly 
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impressed in the posterior part; the segments defined by the furrows are broader than the 

furrows, strongly convex at the center and flattened at the margin. 

The border is practically a continuation of the slope of the segments and furrows 

of the pleural lobes; it is marked opposite the segments by short, backward-pointing flat, 

broad spines not clearly defined, due to the strong weathering of the specimens, and 

diagonally opposite the lateral angle of the axis by two long, strong, backward-extending 

and little outward diverging thick and round spines. 

All the cranidia, and the associated free cheek are strongly marked by pustules 

throughout. 

The associated pygidium referred to this species was also strongly pustulose, but 

because of the weathered character of the surface, the pustules are only found in a few 

places. The cranidium of this variety is rather similar to that of B. sinensis in form, but 

it differs from the latter in its conical glabella, in the narrower fixed cheeks, in the strongly 

pustulose character of the whole surface, in the narrow elevated frontal rim and in the 

character of the pygidium. 

The main difference is that in the postero-lateral angle of the glabella the dorsal 

furrows separate the fixed cheeks from the glabella whereas that of Blackwelderia sinensis 

is replaced by a low ridge which connects the fixed cheeks and the glabella in the form 

of a small triangular lobe. 

The associated pygidium of this species resembles more closely that of B. ciliz; 

but it differs entirely from the latter in the strongly pustulose character of .the surface, 

number of axial rings, in the narrow rounded terminal ring and in having the long 

spines close together at the margin and diverging outward instead of being parallel, 

‘This variety is characterized by its proportionally narrow fixed cheeks, strongly 

pustulose character of the surface, well defined dorsal furrows, and the postero-lateral angle 

of the glabella, 

Measurements :-— 

Cranidium No. 523 a-b No. 524 No. 525 

Length of cranidium 9.0 mm. 8.3 mm. 8.0 mm, 

Width of cranidium at the palpebral lobe 12.5 mm. 10.0 mm, 16.6 nim, 

Width of fixed cheeks at palpebral lobe 3.5 mm. 3.0 mm. 3.2 mm. 

Length of Glabella 6.8 mm. 6.0 mm. 6.0 mm. 

Width of glabella at the base 6.0 mm. 5.2 mm. 5.2 mm, 
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Width of occipital ring 1. mim, 1.0 mm. 1.0 mm. 

Width of frontal rim 1.0 mm. 0.8 mm. 0.8 mm. 

Pygidium (associated ) 

Length 6.2 mm. 

Width 31.0 mm. 

Horizon anp Locatity:—Late Middle Cambrian: from thin-bedded limestone in 

Ikushan shale of LLin-Cheng, collected by Y. T. Chao and C. C. Tien. 

BLACKWELDERIA TIENI Sun (sp. nov.) 

Plate II, Figs. 7 a-c. 

efr. 1905 Olenoides (?) cilix Walcott, Proc. U. S..Nat. Mus., Vol. XXIX, p. 27, (described and dis- 

cussed as a new species). 

efr. 1906 Blackwelderia cilir (Walcott), idem, Vol. XXX p. 578, (description of species extended and 

more throughly discussed ). 

efr. 1913 Blackwelderta cilty (Walcott), idem. Research in China, Vol. HT p. 119. 

This is the most common species of the Lincheng material. It is represented hy 

many cranidia, separated free cheeks and the associated pygidia. 

Cephalon transversely semicircular and rather strongly convex. Glabella trun- 

cato-conical in outline and marked by three pairs of furrows. Posterior furrow is 

strongly marked and broad, extending obliquely inward and backward. The second 

furrow is slightly indicated by short faint lateral impressions and the anterior furrow is 

sometimes shown only by very faint indications. Frontal limb broad and concave; 

frontal rim very narrow and sharply elevated; occipital furrow strongly marked broadly 

curving forward at the center; occipital ring broader than the furrow and convex, slightly 

arching forward at the center; dorsal furrows distinct. 

Fixed cheeks narrow, their width being somewhat more than two thirds the 

width of glabella opposite the palpebral lobe, rising regularly from the dorsal furrow to the 

palpebral lobe; facial suture cuts the frontal border about at aright angle, extending 

straight back to the palpebral lobe; palpebral lobe small and elevated, 

Associated free cheek subtriangular in outline and divided into an interior 

convex body and the border, a sharp long genal spine very marked; inside of which 

the margin of the cheeks forms a broad second spine with the facial suture. 

Pygidium semicircular in outline modeiately convex and with spinose margin ; 

axial lobe conical with pointed terminal portion nearly reaching to the margin 
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of the pygidium. Posterior margin with two backward pointing spines, next outer pair 

only slightly longer. 

Surface pustulose under a strong lens. 

This species differs from B. ciliz Walcott in the comparatively narrow frontal 

limb, in the absence of distinct first and second glabellar furrows, in the pustulose charac- 

ter of the surface, in the absence of the longitudinal ridge and in the conical terminal 

portion and the comparatively uniform spinose character of the pygidium. 

Moreover, the facial suture cuts the front of fixed cheeks nearly at right angles, 

being approximately parallel to the corresponding portion of the other suture, whereas 

the facial suture of B. cilia cuts the fixed cheeks obliquely toward the anterior palpebral 

lobe. 

This species is named after Mr. C. C. Tien in recognization of the fine collec- 

tions made by him. 

Measurements :— No. 526 

Cranidium 

Length of cranidium 10.0 mm, 

Width of cranidium at the palpebral lobe 10.0 mm. 

Length of glabella 6.5 mm. 

Length of frontal limb and rim 1.6 mm. 

Width of occipital ring 1.6 mm. 

Pygidium (Associated) 

Length 10.5 mm. 

Anterior width of pygidium 18.0 mm. 

Horizon anp Locatrry:—Late Middle Cambrian: from thin-bedded limestone of 

Kushan horizon of Lin-Cheng, Chihli (Y. T. Chao and C. C. Tien Coll .). 

BLACKWELDERIA GIGAS Sun (sp. nov.) 

Plate II, Figs. 8. 

One pygidium was obtained by the University Excursion from the Kushan for- 

mation of Ku-Shan, Shantung. This is the largest pygidium of Blackwelderia so far 

found in China, and deserves to be designated by a separate name. 

Semicircular in outline, moderately convex, and with a spinose margin; axis 

moderately convex, conical, tapering to its posterior end; it is divided by four clearly 
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marked broad and arched transverse rounded furrows into four transverse rings and a 

long terminal portion which has a slight fifth depression, indicating a fifth ring; the pos- 

terior portion of the axis slopes gradually down to the margin. 

Owing to strong weathering and abrasion of this specimen, the presence or 

absence of two long, strong, backward-extending spines can not be determined. 

Dorsal furrow shallow and distinct. Pleural lobes flat for a short distance from 

the axis, and then curve gently downward to the border; they are separated by four 

shallow furrows which divided the limb into five corresponding segments. The spines of 

the border are practically continuations of the pleural lobes, 

The most interesting fact is that this pygidium occurs in a bed of conglomeratic 

limestone from the uppermost part of the Kushan formation, Certainly it represents the 

latest type of the Middle Cambrian, 

Measurements :— NO, @27 

Length of pygidium 25 mm. 

Anterior width or greatest width 40 mm. 

Horizon anp Locantity:—Middle Cambrian: from conglomeratic limestone of 

Kushan formation of Kushan; ly collected by C. C. Tien and Y. T. Chao who were 

in my party during the University Excursion. 

Genus DAMESELLA Walcott 

Damesella blackwelderi Walcott var. minor Sun (var, nov.) 

late IT, Figs. 9 a-c. 

efr, 1995 Damesella blackweldert Waleott Proc. U. 8. Nat. Mus., Vol. XXINX, p. 35. 

cfr. 1913 Dameseila blackweideri Walcott, Research in China, Vol. IV,{p. 125-128, plate 10, fig. 1. 

This variety is represented by several cranidin. 

The type species is fully described by Dr. Waleott as below. 

“Glabella large truncato-conical in outline, and marked by three pairs of short 
furrows, the posterior pair of furrows forms a rounded pit near the margin, and continues 
obliquely outward as a shallow furrow to the central third of the glabella, separating a 
short, rounded lobe on each side, the middle pair of furrows is short and very slightly im- 

pressed; the anterior pair of furrows is indicated hy a short, smooth narrow space at the 
anterior fourth of the glabella; occipital furrow of medium width, rounded at the bottom, 
and rather deep; it curves backward slightly at the sides and then arches gently forward 
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at the middle; occipital ring of medium width, curving slightly backward at the ends and 

forward at the center, rounded on top; dorsal furrow strongly marked all about the gla- 

bella and passing posteriorly into a narrow but well-defined furrow within the posterior 

margin of the postero-lateral limh; the front of the glabella almost overhangs a strong 

furrow within the frontal border, that separates the frontal border from the fixed cheeks; 

frontal border or rim strong, rounded, and arching slightly upward in front of the 

glabella. 

“Fixed cheeks a little more than one half the width of the glabella; they slope 

gently back to the furrow on the postero-lateral limb and rather rapidly downward, in 

front of the palpebral lobe, to the furrow within the frontal border; a clearly defined, 

low, rounded palpebral ridge extends opposite the anterior fourth of the glabella to the 

palpebral lobe, into the rim of which it merges; postero-lateral limb about one and one-third 

times as long as the width of the glabella at its base, and back of the palpebral lobe about 

one third the length of the cephalon elevated at the outer rim, and rather narrow. The 

facial sutures cut through the rounded frontal margin of the cephalon obliquely and 

then extend around backward, passing almost directly to the anterior margin of the pal- 

pebral lobe; curving around the rather small eye lobe, they pass obliquely outward and 

backward, cutting the border of the head a little back of the postero-lateral angle’’. 

This variety differs from the type species figured by Dr. Walcott in the shorter 

glabella, narrow fixed cheeks, less distinct palpebral ridge, the more convex glabella, 

comparatively broader frontal border, and also in the small size. This variety is partic- 

ularly characterized by its small form with broad truncato-conicai glabella, 

Measurements :— var, minor B. blackwelderi 

NO. A286 8 No, 529 NG. ba 

Length of cranidium 6.5mm, 4.5 mm, 20.0 min. 

Width of cranidium at palpebral lobe 8.6 mm. 5.5 mm, —- 

Length of glabella 4.5mm. 3.2mm. 14.0 mm. 

Anterior width of the glabella o.0 Wim, 2.2 min, 9.4mm. 

Width of glabella at its base 4.5mm. 3.0 mm, — 

Width of frontal rim 1.0mm. 0.8 mm. 3.0 mm, 

Width of occipital ring 10mm. 0.8 mm. me 

Width of fixed cheeks on 

each side at the palpebral lobe 2.5mm, 1.5 mm. ee 

Horizon anp Locanrry:—Middle Cambrian: from massive Changhia limestone 

of Chao-Kou-Chuang, Luan-Hsien, Ghibli, Collected by University Excursion under my 

direction (K. H. Hsii #¢%8 Coll.). 



(iv) 40 Paleontolagia Sinied Ser. B. 

Genus PryCHOPARIA Corda 

Ptychoparia fongi Sun (sp nov.) 

Plate II, Figs. 10a, b. 

This species is represented by several dorsal shields and the cranidia associated 

with them. 

Cranidium moderately convex; length and width are subequal. Glabella moder- 

ately convex, becoming narrower toward the front, the front part regularly rounded; it is 

marked by three pairs of distinct glabellar furrows; the anterior pair (first pair) short, 

broad and transverse, extending a very short distance from the dorso-lateral furrows; 

the second pair about the same length and nearly prrallel to the first pair, but compara- 

tively broad; the third pair (posterior pair) broad and oblique extending backwards and 

inwards, 

The occipital furrow very deep and very pronounced, transverse and connecting 

the postero-lateral furrows at both sides. The occipital ring inoderately convex, very 

broad at the center, becoming narrower toward both sides, 

Fixed cheek broad about two-thirds the width of the glabella opposite the palpe- 

bral lobe; palpebral ridge distinct extending the anterior part of the palpebral lobe nearly 

to the antero-lateral angle of the glabella; dorso-lateral furrows rounded and distinct. 

Frontal limb flat or slightly convex and separated from the frontal rim hy a 

shallow transverse furrow; frontal rim elevated and upturned from the marginal furrow 

to the margin; its frontal edge very slightly round; its width about the same as the 

frontal limb. 

The facial suttie cuts the frontal rim and then turns directly backward and slight- 

ly inward toward the palpebral lobe, and curves around this lobe, and finally extends 

backward and outward to cut the free cheek from the postero-lateral limb which is dis- 

tinctly marked by a pronounced postero-lateral groove, 

The thorax of a small associated individual has thirteen or fourteen segments with a 

narrow axial lobe and wide pleural lobes. The pleural furrow starts on the inner front 

side of the pleural lobe of each segment and, widening nearly to the width of the seg- 

ment, begins to narrow at the point of geniculation and terminates near the posterior 

margin at the somewhat abrupt falcate termination of the pleure, 

Pygidium small with a broad axis and pleural lobes indistinctly segmented. 

The form of the glabella and the character of the glabellar furrows suggest, P. 

granosa Walcott from the Manto shale of Shantung, but the comparatively narrow frontal 

linb, the more conical glabella, and the character of the surface serve to distinguish it. 
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This differs also from P. yohi in the shorter and less conical glabella, presence of 
three distinct glabellar furrows and also in the upturned frontal rim. 

This species is characterized by the subconical glabella distinctly marked by three 
pairs of furrows, comparatively narrow frontal limb and the wide fixed cheeks. It 
is named after Mr. K. L. Fong if, dean of the Geological Department of Chun- 
Chow University Jk, Honan. 

Measurements : — 10a 10 b 

Length of cranidium 8.5 mm. 6.5 mm, 
Frontal width of cranidium 8.0 mm. 6.2 mm. 

Posterior width of cranidium 1.3 ih, 1.0 mm. 

Length of glabella 5.0 mm. 3.8 mm. 

Anterior width of glabella 3.2 mm. 2.5 mm. 

Posterior width of glabella 4.5 mm. 3.5 mm. 

Width of frontal rim 1.56 mm, 1.2 mm. 

Width of frontal limb {0 mom, 0.9 mm. 

Width of occipital ring 1.4 mm. 1.1 mam, 

Horizon anv Locaniry:—Lower Cambrian: from Manto shale of Chéngshan, 

8 li east of Chao-Kou-Chuang, Chihli. (Coll. F. F. Mathieu and Y. C. Sun). 

Ptychoparia leichuangensis Sun (sp. nov.) 

Plate II, Figs. 11a, b. 

This species is represented by two small fragmentary cranidia. 

Head-shield semicircular, usually much wider than long. Glabella short and 

broad, subconical, rounded in front, decreasing in width anteriorly, its length about one 

half the length of the head-shield: convex and marked with three pairs of short horizon- 

tal distinct glabellar furrows, occipital furrow transverse and distinct; occipital ring broad 

in the center, becoming narrow at both sides; dorsal furrows deep and well marked. 

Fixed cheeks gently convex about two thirds the width of the glabella opposite 

the palpebral lobe; palpebral ridge distinct and horizontal, extending from the anterior 

furrow to the palpebral lobe. Frontal limb moderately convex, about one-third the 

length of the glabella, and separated from the frontal rim by a distinct marginal furrow. 

Frontal rim narrow and elevated about two-thirds the length of the frontal limb. 

The facial suture, after cutting the frontal border, diverges slightly outward down 
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to the palpebral lobe, curves around this lobe and finally cuts the fixed cheeks in an 

outward direction. Postero-lateral limb large and marked by a broad postero-lateral 

furrow. 

This species is characterized by its small form, short very broad subconical gla- 

bella, convex frontal limb, and the comparatively narrow fixed cheeks. 

Measurements :— lia It b 

Length of cranidium iy 2.0 

Greatest width of cranidium 2.8 39 

Horizon and Locauiry:—Late Lower Cambrian: from Manto shale of Lei- 

Chuang, 3 #f Luan-Chou; collected by Dr, F. F. Mathieu. 

Ptychoparia yohi Sun (sp. nov.) 

Plate Il, Fig. 12. 

This species is represented only by one crushed cranidium slightly broader than 

long. 

Glabella moderately convex, subconical in outline, the front part regularly 

round; posterior width broad, It is marked by three pairs of very slightly impressed 

glabellar furrows. Occipital furrow transverse, shallow and very slightly impressed, 

Occipital ring very broad at the center and becoming narrower at both sides. 

Fixed cheek about the same width of the glabella opposite the palpebral lobe; 

palpebral ridge distinct from the anterior part of the palpebral lobe near to the antero- 

lateral portion of the glabella. The facial suture cuts the frontal border to the anterior 

part of the palpebral lobe in a convex curve, bends around the latter and finally cuts 

the free cheeks from the postero-lateral limb, also with a convex curve. 

Frontal limb flat, slightly broader than the frontal rim; frontal rim elevated and 

with regularly arched outline. 

Surface apparently smooth. 

The general form of the cranidium resembles that of P. fongi Sun, but the diffe- 

rences between them are mentioned after the description of that species. 

This species is characterized by the smooth conical glabella with a broad base, 

comparatively broader fixed cheeks, and less distinctly defined occipital and glabellar 

furrows. This species is named after Mr. S. S. Yoh #4984 who accompanied me in that 

region during the University Excursion, 
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Measurements : — 

Length of cranidium 8.5 

Width of cranidium opposite the palpebral lobe 10.0 
Length of glabella 5.0 

Anterior width of glabella 2.7 

Posterior width of glabella 5.0 

Width of fixed cheek at the palpebral lobe 2.8 

Width of occipital ring 2.0 

Width of frontal limb and frontal rim combined 24, 

Horizon anp Locarrry:—Lower Cambrian: from light micaceous purple shale of 

Chéng-Shan, 8 li from Chao-Kou-Chuang, Luan-Hsien, Chihli (Coll. Y. C. Sun), 

Ptychoparia (Emmerichella) chengshanensis Sun (sp. nov.) 

Plate III, Figs. 1a, b. 

This species is represented by several cranidia and associated pygidia probably of 

this species. 

Cranidium usually broader than long, and apparently smooth. 

Glabellar moderately convex, short and broad, slightly narraw toward the front; 

the anterior part regularly rounded. Occipital furrows shallow but distinct, merging 

into the postero-lateral furrow at both sides. 

Occipital ring transverse and comparatively narrow, only slightly broader in the 

central portion. 

Fixed cheek broad, about the same width as the glabella opposite the palpebral 

lobe; slightly convex near the palpebral lobe and becoming flat toward both the front 

and the postero-lateral furrow. Palpebral ridge very slightly indicated. The facial 

sutures first cut the frontal border directly backward to the anterior part of the palpebral 

lobe; curve around this and then cut the free cheek from the postero-lateral limb with a 

convex arc, Palpebral lobe of medium size. 

Frontal limb flat and somewhat broader than the frontal rim from which it is 

separated by a shallow marginal furrow. Frontal rim slightly elevated, broader at the 

center, becoming narrower toward each side; the frontal margin gently rounded. 

The associated pygidium is rather transverse; axial lobe very broad, cylindrical, 

divided by three indistinct furrows into four transverse rings and one terminal portion; 

pleural lobe.also divided by four distinct furrows into five segments. 
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Surface apparently smooth. 

This species is distinguished by its smooth character of the cranidium, short and 

broad glabella, narrow occipital ring, comparatively narrow frontal limb, and by its 

transveise form. It differs from P. fongi Sun in the absence of distinct glabellar furrows, 

in the shorter and broader glabella, and the more transverse form. It also differs from 

Ptychoparia yoht Sun in the more transverse form, the shorter and broader glabella and 

the absence of the glabellar furrows. 

Measurements :— 

Cephalon 

Length of cranidium 5.5 2.% 

Frontal width of cranidium 5,5 2.7 

Posterior width of cranidium g.2 4.0 

Length of glabella a2 1.6 

Greatest width of glabella 3.2 1.7 

Width of fixed cheek 2.0 1.0 

Width of frontal rim 1.0 0.5 

Width of frontal limb 0.5 0.35 

Width of occipital ring 1.0 0.50 

Horizon ann Locariry:— Lower Cambrian: from micaceous purple shale of 

Chéng-Shan, 8 li from Chao-Kou-Chuang, Chihli. (Y. C, Sun Coll.) 

Genus Changshania Sun 

1223 Changshania conica Sun and Chanshania truncata Sun, Bulletin of the Geological Society of 

China Vol. II, No. 1-2. 

Cephalon semicircular in outline, exclusive of genal spine, gently convex, 
Frontal rim rather narrow about the same width as the postero-lateral limb, Glabella 
slender, truncato-conical or conical and smooth; occipital furrow straight and distinct : 
occipital ring nearly transverse and of uniformly width; dorsal furrows shallow and 
distinct. ° 

Fixed cheeks narrow, the facial suture cuts the frontal border slightly inward and 
backward straight to the anterior part of the palpebral lobe curves around the latter; and 
then extends obliquely outward directly to the postero-lateral margin. Palpebral lobe 
long about two-third the length of the glabella, outlined by the intra-curving furrow, 
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Frontal limb broad flat. or gently concave, its margin slightly rounded. Postero-lateral 

limb very short and marked by the transverse postero-lateral furrow extending trans- 

versely to both extremities. 

Free cheeks broad with uniformly narrow border extending into a slender curving 

genal spine; cheek body flat and broad. An associated hypostoma elongate ovate with a 

distinct posterior curving furrow. 

Only the pleurse of the thorax are known, these being flat and of uniform width, 

and separated from each other by parallel furrows. 

Pygidium transverse, with uniform narrow border. Axial lobe conical marked 

by four transverse furrows into four transverse rings and one terminal section which is 

situated near to the posterior border of the pygidium. Pleural lobe also segmented. 

Antero-lateral angle extending into a round extension. 

The truncato-conical glabella, broad frontal limb and the transverse form of the 

pygidium may suggest Ptychoparia (Hmmerichella), but the conical glabella, the ratio of 

the anterior width to the posterior width of the cranidium, comparatively narrow fixed 

cheeks and the antero-lateral extension of the pygidium serve to distinguish it. 

Genotype—Changshania conica Sun. 

Changshania conica Sun (sp. nov.) 

Plate III, Figs. 2 a-k. 

1923 Changshania conica Sun. Bulletin of the Geological Society of China Vol. II, No. 1—2 (listed). 

The generic description of Changshania is based on this species. 

This species is represented by several cranidia, separated free cheeks, an hypos- 

toma, pleurze of the thorax and by a number of pygidia. 

This species is characterized by its subconical smooth glabella, narrow anterior 

width of the cranidium, long palpebral lobe, comparatively narrow fixed cheeks and the 

pygidium with round antero-lateral extensions. 

Horizon aNp Locauiry:—Early Upper Cambrian: from Changshan shale of 

Chao-Kou-Chuang. 

Measurements :-— 

Cranidium A B C D 

Length 9.0 mm. 7.5mm. 6.5mm. 6.5 mm. 

Anterior width 7.5 mm. 5.6 mm. 5.0 mm. 5.0 mm. 

Posterior width 17.8 mm. — 12.5 mm. — 



(iv) 46 Palzontologia Sinica Ser. B. 

2a 20 2¢ 2d 

Length of glabella 5.5mm. 4.5mm. 4.0mm. 4.0 mm. 

Basal width of glabella 4.5mm. 3.6mm. 3.0mm. 3.0 mm. 

Width of frontal rin 1.0mm. 0.8mm. 0.75 mm. 0.75 mm, 

Width of frontal limb 1.9mm, 1.5mm. 1.0mm. 1.1 mm. 

Width of occipital ring 1.0mm. 0.9mm. 0.8mm. 0.9 mm. 

Hypostoma ae 

Length 6.5 mm. 

Width 4,0 mm. 

Pygidium a 26 2h 24 

Length 5.0mm. 4.2mm. 5.0mm. 4.5 mm. 

Width atthe union with thorax 12.8mm. 10.0mm. 12.6mm. — 

Anterior width of the axis 3,0 1mm, 2.6mm. 3.2mm, 8.5 mm, 

Changshania? truncata Sun (sp. nov.) 

Plate ITI, Figs. 3. 

1923 Changshania truncata Sun. Bulletin of The Geological Society of China Vol. II, No. 1-2 (listed). 

This species is represented by several cranidia, free cheeks and pygidia probably 

of this species. 

Cephalon semicircular in outline, with genal angles (of free cheeks) prolonged 

into slender spines bending inward to the body. Glabella truncato-conical, apparently 

smooth; occipital furrow slightly curved and distinct; occipital ring of uniform width 

throughout. 

Fixed cheeks very narrow, about one half the width of the glabella at the palpe- 

bral lobe. The facial suture cuts the frontal border slightly obliquely to the anterior part 

of the palpebral lobe, curves around the latter and then extends outward to the postero- 

lateral margin. Palpebral lobe long and marked by infracurving furrow; postero-lateral 

limb narrow and marked by a distinct postero-lateral furrow. 

Free cheeks and pygidia apparently of the same type as in Changshaniu conica Sun, 

This species is characterized by its broad truncato-conical glabella, narrow fixed 

cheeks and slightly curved occipital furrow and the transverse pygidium with conical axis 

and antero-Jateral rounded extensions, 

This species differs from Changshanta conica Sun in the broad truncato-conical 

glabella, comparatively narrow fixed cheeks, and narrow postero-lateral limb. Its form 

lies between Hmmerichella and Changshania and I provisionally place it under Changshania, 
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because it has narrow fixed cheeks, large palpebral lobes, and the antero-lateral extension 

of the pygidium. The specific name is given in reference to its truncated glabella. 

Horizon ann Locariry:—Associated with the preceeding. 

Measurements :— 

Cranidium 

Length 8.0 mm. 

Width at the palpebral lobe 8.2 mm. 

Length of glabella 5.5 mm. 

Anterior width of glabella 3.0 mm. 

Posterior width of glabella 5.0 mm. 

Width of frontal border 2.0 mm. 

Length of palpebral lobe 2.8 mm. 

Width of occipital ring 1.0 mm. 

Width of fixed cheek at the palpebral lobe 2.0 mm. 

Genus CGNOKEPHALINA Brogger 

Conokephalina kaipingensis Sun (sp. nov.) 

Plate ITI, Fig. 4 a-b. 

This species is represented by several fragmentary central portions of the cephala, 

Cephalon semicircular, moderately convex. Glabella subrectangular, becoming narrower 

anteriorly, front margin slightly rounded; antero-lateral angles alsorounded. Itis marked 

by three pairs of the glabellar furrows; the posterior pair distinct, obliquely extending 

backward and inward from the dorsal furrow; the second pair very short and horizontal 

opposite to the anterior edge of the palpebral lobe, the anterior pair slightly impressed 

rarely shown in the specimens. Occipital furrow distinct, bending slightly backward ; 

occipital ring broad in the center, becoming narrow at both sides and also apparently 

marked by a node at its center. 

Fixed cheeks very narrow, less than one half the width of the glabella at the 

palpebral lobe. The facial suture decends with a convex curve to the anterior edge of 

the palpebral lobe, curves around the latter and finally extends outward to outline the 

short postero-lateral limb. Palpebral lobe elongate, separated from the fixed cheek by a 

curving furrow, and situated opposite the posterior furrows; dorsal furrows rounded and 

distinctly marked; palpebral ridge indistinct extending obliquely from the anterior part 

of the palpebral lobe near to the frontal margin of the glabella. Frontal limb narrow and 
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separated from the frontal rim by a shallow forward curving furrow, frontal rim about 

the width of the frontal limb, slightly elevated and with regularly rounded margin. 

Only one segment of the thorax is known. Axial and pleural segments are both 

strongly marked by distinct grooves. 

Surface marked by strong pustules. 

In form this species is similar to C. vesta Walcott of Fang-Lan-chén, Shansi, but 

differs from the latter in the narrow occipital ring, distinct glabellar furrow, indistinct 

palpebral ridge and the pustulose character of the surface. 

The pustulose character of the surface and the narrow fixed cheeks suggests Cono- 

kephalina belus Walcott from Tai-An, Shantung, but it differs from the latter in the 

narrow occipital ring and in having the palpebral lobe placed further back and opposite 

the posterior pair of glabellar furrows. 

This species is characterized by the subrectangular glabella, distinct glabellar 

furrows, pustulose character of the surface and the palpebral lobe placed back of the 

center of the glabella. 

Measurements :-— 4a 

Length of cranidium 8.5 mm. 

Width of cranidium at the palpebral lobe 9.5 mm. 

Length of glabella 5.5 mm. 

Width of glabella 5.0 mm. 

Width of frontal limb 1,0 tm. 

Width of frontal rim 1.0 mm. 

Width of occipital ring 1,2 mom. 

Horizon anp Locaurry: —Late Lower Cambrian: from Manto shale of Chao- 

Kou-Chuang, Luan-Hsien, Shantung. Collected by H. T. Yu (4e#f 4b). 

Conokephalina gerardi Sun (sp. nov.) 

Plate III, Figs. 5 a-c. 

This species is represented by several fragmentary cranidia and associated 

pygidia probably referable to it. 

Cranidium gently convex, subquadrilateral in outline, exclusive of free cheeks. 

Glabella subquadrilateral, slightly narrower in front, frontal part rounded, marked by a 
distinct longitudinal ridge; occipital furrow narrow shallow, slightly curved backward ; 
occipital ring broad in the center, becoming narrow at both sides, 

® 
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Fixed cheeks little wider than one half the width of the glabella opposite the 

glabella and nearly flat from the dorsal furrow to the palpebral lobe. Palpebral lobe large 

about one half the length of the cephalon and situated a little back of the central portion 

of the glabella; palpebral ridge strong and prominent merging into the anterior edge of 

the palpebral lobe from the dorsal furrow. Frontal limb flat, of medium width, and 

separated from the frontal rim by a shallow distinct furrow. Frontal rim about one half 

the width of the frontal limb and of uniform width throughout, slightly elevated. 

The associated pygidium, probably of this species, is small with convex broad 

axial and segmented pleural lobes. 

In form this species resembles Conokephalina vesta Walcott from the Middle Cam- 

brian of Shansi, but the broad frontal limb, the absence of the distinct glabellar furrows 

and the more rounded frontal margin of the glabella serve to distinguish it. 

This species is named in honor of Mr. Jacques Gerard engineer and geologist of 

the Chao-Kou-Chuang Mines. 

This species is characterized by the acutely rounded frontal margin of the gla- 

bella, the smooth surface of the glabella, presence of the longitudinal median ridge, large 

and long palpebral lobe and the small pygidium with broad convex axial lobe and 

segmented pleural lobe. 

Measurements :— 6a 6b Ge 

Length of cranidium 8.0 5.4 8.0 

Width of cranidium at the palpebral lobe 8.0 6.2 ie 

Length of glabella 5.5 3.0 5.5 

Width of glabella at base 5.0 3.0 4.5 

Width of frontal limb and rim 1.5 ea La 

Width of occipital ring seal 0.8 def 

Horizon anp Locatiry:—Manto-formation of Chéng-Shan, Chao-Kou-Chuang. 

Collected by University Excursion in 1923 (H. T. Yu 4#f@h Coll.). 

Genus CREPICEPHALUS Owen. 

Crepicephalus sp. indt. 

Plate III, Fig. 6. 

This is only represented by one pygidium. 

Quadrilateral in outline, exclusive of lateral spines. Axial lobe very convex, 

cylindrical, with three transverse rings and one terminal ring which is again divided into 

one transverse ring and one terminal portion, far apart from the posterior margin. The 
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sides nearly parallel, contracting slightly at the middle, by incurving of the sides. Pleu- 

ral lobe gently convex, also segmented by furrows. The postero-lateral and posterior 

margins flat and broad; lateral spines broad. 

Width 5mm. Length 4.4 mm. 

Horizon and Locauity:—Middle Cambrian: from Changhia limestone of Chéng- 

shan, 8 li from Choa-Kou-Chuang, Chihli. Collected by University Excursion. 

Genus MANSUYIA Sun (gen. nov.) 

This genus differs from Crepicephalus in having very narrow fixed cheeks, in 
the absence of the palpebral ridge, in having very deep distinct dorsal furrows and in the 

short oblong form of the glabella. 

The general form of the cranidium suggest Anomocare and Anomocarella, but the 
pygidium of this genus serves to distinguish it. 

The associated pygidia of this genus are of the type of Ceratopyge, but the present 
genus differs greatly from that one in the cranidium. 

Genotype: Mansuyta orientalis (Grabau) Sun. 

This genus is characterized by its short oblong glabella, narrow fixed cheeks, and 
absence of the palpebral ridge. The pygidium has two inward-curving slender lateral 
spines which spring out from the second segment of the pleural lobe of the pygidium. 

Mansuyia orientalis (Grabau) Sun 

Plate III, Figs. 7 a-j. 

1922 Ceratopyge orientalis Grabau (Mss. ). 

1923 Ceratopyge orientalis Sun. Upper Cambrian of Kaiping Basin. Bulletin of the Geological So- 
ciety of China Vol. II, No. 1-2, p. 98. (listed). 

This species is represented by many cranidia and the associated pygidia. 
Glabella moderately convex, oblong in form, the front part slightly rounded; 

marked by three pairs of shallow broad short pits slightly impressed; occipital furrow 
rounded, and distinct; occipital ring uniform in width throughout, dorsal furrows and 
frontal furrow in the front of the glabella deep and clearly defined; frontal limb narrow 
slightly convex and elevated, separated from frontal rim by a shallow broad groove: 
frontal limb narrow in the middle, becoming wider toward each ends, and sloping 
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down anteriorly to the broad shallow groove in the front of the glabella; frontal rim mo- 

derately convex, broad in the middle, becoming narrower towards each sides. 

Fixed cheeks very narrow; eye lobe of medium size, centrally placed. 

The associated pygidium is of about the size of that of Ceratopyge forficula. It is 

broader than long with a well-defined convex median axis gently tapering backwards to 

within a short distance of the posterior margin of the pygidium where it is bluntly 

rounded. Median axis or axial lobe subconical and long with a very gentle rate of 

tapering, divided by seven transverse shallow distinct furrows into seven rings and one 

terminal portion which is again divided by shallow transverse furrows into two portions. 

The pleural lobes, in like manner, are also divided by five shallow slightly impressed 

furrows into six segments, the second being the broadest. Antero-lateral margins of limb 

rounded. 

Lateral or side spines of pygidium slender long curved inward in the free part. 

The spine springs out from the broadest second segment of the pleural lobe which 

extends forward at an angle of about 45° with the median line, to about the position 

between the second and third ring of the axis. 

In the majority of specimens from Chihli, this continuation of the spine and the 

segmentation of the axis and the pleure are not readily noted because of the worn or 

crushed character of the specimen. 

Surface apparently smooth or slightly pustulated. 

This species is characterized by its deep dorsal furrows and frontal furrow which 

separates the frontal limb and the glabella, short oblong glabella, narrow fixed cheeks, 

medium eye lobe and the strong lateral spines of the pygidium which spring out from 

the second segment. It is associated with Kaoliskania pustulosa, ete. 

Horizon anv Locatiry:—Upper Cambrian: from Kaolishan limestone of Tai- 

An, Shantung (Y. C. Sun Coll.), also found in Féngshan limestone of Luan- Hsien, 

Chihli by Mr. H. C. T’an of the Survey. More than thirty specimens examined, 

Measwrements :— 

Cranidium 7a 7b Te viel Te 

Length of cranidium 15.0 mm. 11.0 mm. 9.0 mm. 10.2 mm, 13.2 mm. 

Width of cranidium at 

the palpebral lobe 13.5 mm. 10.5 mm. 8.1mm. 10.0mm. — 

Length of glabella 9.5mm. 6.7mm.5.5mm. 6.0mm. 8.0mm. 

Width of glabella opposite 

the palpebral lobe 8.0mm. 5.7mm. 5.0mm. 5.5mm. 7.0 mm. 

Width of frontal limb 23mm. 1.8mm.1.5 mm. 1.8mm, 2.5 mm. 
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Width of frontal rim 18mm. L3mm. 10mm. 1.6mm. 1.6mm, 

Width of occipital ring 2.0mm. 1.7mm. 1.4mm. 1.5mm. 2.0mm. 

Pygidium ti 7g th 7i tj 

Length 9.0 mm. 9.0 mm. 10.56 mm. 10.0 mm. 8.5 min. 

Width 14.5 mm. 14.2 mm. 15.5 mm. 12.5 mm. 13.0 mm. 

Length of axial lobe 8.5mm. 8.2mm. 10.0 mm. 9.0mm. 8.0 mm. 

Average width of the 

transverse rings fi mm, 1,1 ai, 12 atm, = saa 

Length of side spines (mea- 

sured on curvature ) 16.0 mm, 12.0 mm. 7.5 mm, 8.0mm. 5.0 mm. 

Genus Kaolishania Sun (gen. nov.) 

General form subquadrangular, moderately convex; axial and pleural lobes 

strongly defined. 

Cephalon wider than long, subsemicircular in outline; glabella truncato-conical, 

moderately convex and marked hy three pairs of the lateral furrows, the posterior pair 

deep and broad, obliquely extending backward, the second pair deep and short, and slight- 

ly extending obliquely backward, and the anterior pair marked by a very slight trace ; 

occipital furrows strong and distinct, occipital ring broad in the center, becoming narrow 

toward each side. A median longitudiual ridge extends from the front border of the gla- 

bella to the occipital furrow. The straight frontal part of the glabella and the fixed 

cheeks are separated from the frontal border by a strong and deep groove; frontal border 

narrow, slightly rounded in the front and turning up from the deep strong frontal groove 

to the frontal margin. 

Fixed cheeks slightly convex and rising from the dorsal furrow, about one half 

the width of the glabella; palpebral ridge extending backward and outward from the 

dorsal furrow to the anterior part of the palpebral lobe; palpebral lobe of medium size. 

Free cheeks moderately convex, elongate, broad at the anterior end where they 

join the fixed cheeks and the frontal border, and narrow at the posterior, ending ina 

slender rounded lateral spine; the cheek-body broad and moderately convex, separa- 

ted from the slightly elevated narrow border by a distinct curving furrow. 

The facial suture cuts the outer postero-lateral side of the genal angle, and 

passes almost directly inward to the base of the eye lobe, arching around the latter, it 

passes with a slight convex curve directly forward to the front margin. 
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Only one part of the fragmentary segment is known; the axial segment is moder- 

ately convex and marked by a strong groove; the pleural segment more or less flat and 

also marked by a broad distinct groove which gradually tapers to a point before the 

pleural segment reaches its end. 

Pygidium large subquadrangular in outline; the axial lobe narrow and slender, 

divided by six distinct transverse furrows into five rings and one terminal section which 

is usually again divided by a shallow furrow into one ring and the terminal portion, and 

nearly reaches to the border; the pleural lobes broad, divided by five distinct furrows 

into six segments. ‘The first two furrows descend with curving outline; while the other 

three extend obliquely backward to the border, usually short and slightly curved. The 

largest segment is the second segment from which the lateral spine springs out. The 

posterior border is narrow, separated from the pleural lobe by the posterior marginal 

groove, slightly convex and regularly rounded, and also slightly contracted at the posterior 

margin of the pygidium. Lateral spines about the same length as the pygidium, pointing 

directly backward but slightly outward. 

Surface strongly marked by high pustules. 

Genotype: Kaolishania pustulosa Sun. 

This very remarkable trilobite resembles the genus Blackwelderia in the form of 

the glabella, but the strong side spines of the pygidium serve to distinguish it. 

Kaolishania pustulosa Sun (sp. nov.) 

Plate III, Figs. 8 a-h. 

The description given of the genus Kaolishania includes what is known of the 

species. 

This species is characterized by its truncato-conical glabella, narrow and concave 

frontal border, the distinct palpebral ridge, the short broad side-spine of the pygidium, 

the strongly pustulose character of the surface and the subquadrangular form of the 

pygidium. 

This is the most common species in the collection from Tai-An. It is associated 

with Mansuyia orientalis (Grabau) Sun, Chuangia bata Walcott etc. 

Measurements :— 

Cranidium 8a 8 b 

Length of cranidium 11.0 mm. 12,5 brik. 

Length of glabella 8.0 mm, 9.5 mm. 
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8a 8b 

Width of cranidium at palpebral lobe 13.0 = 

Frontal width of glabella 4.5 5.0 

Basal width of glabella 7.5 8.5 

Width of frontal border 1.0 1.5 

Width of occipital ring 2.0 2 

Pygidium 8e 8 f 8g 8h 

Length 10.5 8.0 70 8.5 

Width LO 14.0 12.5 14.0 

Length of axial lobe 8.5 es 7,0 iD 

Anterior width of axial lobe 5.5 4.0 4.0 4.4 

Horizon anp Locatitry:—Upper Cambrian: from massive gray limestone of 

Kaolishan from which the generic name is derived (Y. C, Sun Coll.). 

Genus LISANIA Walcott 

Lisania ? hsuchiachuangensis Sun (sp, nov.) 

Plate IV, Fig. 1 a-b. 

Cranidium subquadrilateral in outline, exclusive of the free cheeks. Glabella 

strongly convex subrectangular; antero-lateral angle rounded; apparently smooth; occipi- 

tal furrow shallow but distinct; occipital ring narrow at both sides, becoming broader 

toward the center marked by a distinct central occipital node. Dorsal furrow narrow and 

clearly defined. 

Fixed cheeks narrow, little more than one third the width of the glabella, sloping 

anteriorly to the frontal border and backward to the postero-lateral limbs; palpebral lobe 

about one-third the length of the cephalon; palpebral ridge distinct; frontal border 

slightly convex rounded in front very broad at the middle and separated from the gla- 

bella and the fixed cheeks by a narrow deep and distinct furrow. Postero-lateral limbs 

narrow about one half the width of the glabella and pronounced. 

This species may be compared with L. agonius Walcott from the lower shale 

member of the Kiu-lung group of Yen-Chuang £& #£, Shantung, but differs from the 

latter in the more rectangular form, comparatively narrow occipital ring and in its 

shorter palpebral lobe. 

Horizon and Locauiry:—Middle Cambrian: from the Changhia limestone of 

Chéng-Shan, near Hsu-Chia-Chuang RAE, Luan-Hsien, Chihli. (Coll. K.S. Hsu PRICE), 
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Measurements :— la 1b 

Length of cranidium 6.5 mm. 4.0 mm. 

Width of cranidium 6.0 mm. 4.0 mm. 

Length of glabella 4.8 mm. 3.0 mm. 

Width of frontal border 0.9 mm. 0.5 mm. 

Width of occipital ring 1.0 mm. 0.5 mm. 

Lisania rectangularis Sun (sp. nov.) 

Plate IV, Fig. 2 a, b. 

This species is represented by two broken central portions of the cephalon. Gla- 

bella moderately convex, subrectangular in outline; frontal margin rounded, apparently 

smooth; occipital furrow transverse and distinct; occipital ring broad at the center be- 

coming narrow toward the sides. 

Fixed cheeks narrow, less than one half the width of the glabella, the facial 

suture cut the frontal border slightly outward, backward to the anterior edge of the palpe- 

bral lobe; and thence curves around this lobe near to the occipital furrow; palpebral 

lobe large about one half the length of the cephalon, slightly convex. 

Frontal border slightly convex with curving rounded margin, broad at the mid- 

dle, becoming gradually narrow at the sides. 

This species resemble Lisania cf bura (Walcott) from the Middle Cambrian of 

Changhia, Shantung, but differs in the subrectangular glabella, the large palpebral lobe 

and the course of the facial suture. 

This species is characterized by its subrectangular glabella, narrow fixed cheeks, 

large palpebral lobe and the comparatively broader frontal border. 

Horizon anp Locatiry:—Middle Cambrian: from Changhia limestone of Chéng- 

Shan near Chao-Kou-Chuang, Chihli. Collected by Mr. K. 8. Hsu #R968&, of Class 1925 

of the Geological Institute of National University. 

Measurements :— Qa 2b 

Length of cranidium 3.5 mm. 3.3 mm. 

Length of glabella 2.5 mm. 2.0 mm. 

Width of glabella at palpebral lobe 1.7 mom, 1.5 mm. 

Width of frontal limb Ot SM 0.6 mm. 

Width of occipital ring 0.5 mm. 0.6 mm. 

Width of fixed cheek at the palpebral lobe 1.0 mm. 1.0 mm. 
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Genus SOLENOPLEURA Angelin 

Solenopleura nodosa Sun (sp. nov.) 

Plate IV, Figs. 3a, b. 

General form of cranidium transversely subrhomboidal, convex Glabella as long 

as the width at its hase, the sides converging from the base towards the rounded front, so 

as to narrow the glabella about one fourth; anterior portion of the glabella very convex; 

three pairs of glabellar furrows, the posterior furrow distinct extending obliquely inward 

and backward and making an angle 45° with the dorsal furrow; the second and anterior 

pairs short and shallow in the form of pits; occipital furrow broad and well defined by 

the downward curyature of the posterior margin of the glabella and the rising of the sur- 

face of the uccipital ring; occipital ring broad at the center, becoming gradually wider 

towards the sides, with a distinct median node at the posterior margin, dorsal furrow deep 

and well defined. 

Fixed cheeks very convex at the center and sloping down toward the front 

groove and the postero-lateral groove, about one half the width of the glabella; palpebral 

lobe small and situated about in the middle of the glabella. Palpebral ridge moderately 

distinct, extending from the anterior part of the palpebral lobe, toward the dorsal furrow 

in front of the second furrow of the glabella. Postero-lateral limbs unknown; frontal 

limb very narrow and convex in front of the glabella and separated from the frontal rim 

by the broad and shallow frontal groove; frontal rim convex, rounded, about the width 

of the frontal limb and frontal groove combined, and of uniform width, with a straight 

frontal margin. 

Surface marked by large pustules uniformly scattered. 

This species is represented by two specimens of the cranidia, 

This species is characterized by the presence of the small occipital node, palpe- 

bral ridge and also by the straight frontal margin of the frontal rim, and by the large uni- 

formly scattered pustules. 

Horizon anp Locanrry :—Middle Cambrian; from the massive cliff-making lime- 

stone of Chao-Kou-Chuang, Luan-Hsien, collected by National University Excursion 

under my direction in September 1923. 

Measurements : — 2 o ki 

Length of cranidium 12.5 mm. 6.6 mm. 

Length of glabella 7.5 mm, 3.8 mm. 

Width of glabella at base 7.2 mam. 3.5 mm, 

Width of occipital ring at the center or) iJ mm. 

Width of fixed cheeks at the palpebral lobe +.0 mim. “0 mm, 
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Width of frontal limb 1.4 mm. 0.8 mm, 

Width of frontal rim 1.4 mm. 0.9 mm. 

In form this species resembles Solenoplewra bere Walcott from Yen-Chuang, 
Shantung; but it differs in the presence of the distinct occipital ring and also of the pal- 
pebral ridge. 

The presence of the palpebral ridge and the distinet occipital node suggest Suleno- 
pleura holometopa Angelin, but the position of the palpebral lobe and the proportionally 
shorter glabella serve to distinguish it. In this species the length of the glabella and its 

width at the base are subequal, while in the Swedish species the glabella is usually longer 
than wide. 

Moreover, the palpebral ridge of our species extends from the anterior part of the 
palpebral lobe to the dorsal furrow, just a little in front of the second furrow of the gla- 

bella, while in S. holometopa it is distinctly marked and extends to the dorsal furrow one 
sixth the length of the glabella from the frontal margin of the glabella. 

Genus CHUANGIA Walcott 

1911 Chuangia Walcott, Smithsonian Miss. Coll., Vol. 57, No. 4, pp. 83-84. 

1913 Chuangia Walcott, Research in China, Vol. 3, pp. 170-172. 

Original description: ‘This genus is proposed for a group of Upper Cambrian 

trilobites in which the cephalon has a truncato-conical or sub-quadrangular glabella; a 

narrow, concave frontal limb and so far as known, a smooth test. 

‘The associated pygidium is large, with a strong axis, broad pleural lobes, and 

few indications of segments”. (Walcott 1913 pp. 170-172). 

Doctor Walcott compared the genus with Anomocare and Ptychoparia on account 

of the likeness of the general form of the cranidium. He also states under the description 

of the genus, that the characteristic frontal limb of Chuangia serves to distinguish it from 

the other two genera; and the genus Chuangia is characterized by the concave frontal 

limb which meets with the rim to form an angle and the rim does not rise above the 

dupwar sloping surface of the frontal limb. 

In the Tai-An material collected hy the college excursion, the outer shell of this 

genus was discovered and the shell or test is strongly marked by fine pustules; when the 

outer shell is exfoliated, the cranidium appears smooth. 

Genotype-—Chuwangia batia Walcott. 
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CHUANGIA BATIA Walcott 

Plate IV, Figs. 4 a-e. 

1905 Ptychoparia? batia walcott, Proc. U. 8. Nat. Mus., Vol. XXIX, p. 75. 

1911 Chuangia batia waleott, Smithsonian Mise. Coll., Vol. 57, No. 4, p. 84, pl. 15, figs. 8, 3 a. (Refer- 

red and figured as genotype of new genus Chuangia). 

1913 Chuangia batia walcott, Research in China, Vo!. III pp. 170-171, plate 17, figs. 20, 20 a-d. 

Cephalon, exclusive of the free cheek, subrhomboidal, moderately convex. 

Glabella truncato-conical; marked by three pairs of glabellar furrows very faintly shown; 

the posterior pair shallow, broad and slightly impressed extending from the dorsal furrow 

backward and inward; only faint traces of the broad second and anterior pairs of glabel- 

lar furrows are shown; occipital furrow nearly straight, rounded and very shallow; occi- 

pital ring strong, very slightly convex and slightly wider at the center than at the ends 

and marked by a minute node at the center near the occipital furrow; median longitudi- 

nal ridge distinct from the frontal margin of the glabella to the occipital furrow, dorsal 

furrow distinct but not strongly marked. 

Fixed cheeks slightly convex, about one half the width of the glabella at the pal- 

pebral lobe, and curved downward in front to the frontal rim and backward in the furrow 

within the posterior margin; palpebral ridges distinct from the anterior part of the palpe- 

bral lobe to the dorsal furrow opposite the first pair or anterior glabellar furrows. Palpe- 

bral lobe small, and situated a little back of a transverse line drawn through the center of 

the cephalon; anterior lateral angle of the cranidium regularly rounded, 

The facial suture converges on both sides from the anterior margin down to the 

anterior part of the eye, curves around the lobe and finally decends obliquely outward to 

the posterior corner. 

The frontal margin of the cranidium forms a regular low are, and is strongly bent. 

up forming a high rim. Postero-lateral limb large, and marked by a strong and broad 

furrow within the elevated posterior margin. The front of the glabella and of the fixed 

cheeks curves down into a shallow furrow, from which the frontal rim rises before curving 

over to form a thick frontal margin. 

An associated hypostoma, 9 mm. wide and 11 mm. long, is probably of this species. 

Shell strongly marked by fine pustules. 

Measurements :— 4a 4b 4¢ 4d 

Length of cranidium 10.7mm. 8.5mm. 8.7mm. 13.5 mm. 
Anterior width of cranidium 9.7mm. 8.0mm. 8.0mm. 12.5 mm. 

Posterior width of cranidium 15.0mm. — 12.6mm. — 

Length of glabella 6.3mm. 5.5mm. 6.0mm. 9.0 mm. 
Basal width of glabella 5.8mm. 4.5mm. 4.5mm. 7.0mm. 
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Width of occipital ring 1.3mm. 1.0mm. 1.0mm. 1.5 mm. 

Width of frontal border 2.7mm. 2.3mm. 2.8mm. 3.0 mm. 

Horizon anp Locatity:—Upper Cambrian: from the lowest horizon of the Kao- 
lishan limestone. Associated with this are Mansuyia orientalis (Grabau) Sun, Kaolishania 
pustulosa Sun, Syntrophia orthia Walcott ete. (Coll. Y. C. Sun). 

This species is represented by many cranidia and associated pygidia; and is really 
one of the most common forms of {ao-Li-Shan. 

The Kaolishan specimens differ from the type species in the presence of the melian 

longitudinal ridge, in its distinct palpebral ridge and broader frontal border, longer gla- 

bella and comparatively narrow fixed cheeks. The course of the facial suture is also 
different from that in Walcott’s specimens, converging slightly on both sides from the 

frontal margin to the eye, while in our material the facial suture converges rapidly on 

both sides from the frontal margin to the palpebral lobe. 

This form is characterized by its concave frontal border, truncato-conical glabella, 

absence of the distinct glabellar furrows, distinct longitudinal median ridge, and palpe- 

bral ridge; and the finely pustulose character of the outer shell. 

Genus CHANGIA Sun (Gen. nov.) 

1923 Changia Sun, Bulletin of the Geological Society of China, Vol. II, No. 1-2 (listed). 

General form elongate oval, moderately convex. Glabella of cylindrical form con- 

tracted in the middle by incurving of the sides opposite the palpebral lobe ; marked by three 

pairs of short, slightly impressed furrows; occipital furrow distinct; occipital ring uniform 

in width throughout. Dorsal furrow deep broad and round; frontal furrow broad and deep. 

Fixed cheeks very narrow; palpebral lobe of medium size and elevated; the 

facial suture cuts the frontal border with convex arc to the anterior part of the palpebra 

lobe, curves around the lobe and finally extends outward to the margin of the postero- 

lateral limb. Frontal border slightly convex, very broad, sloping down from the frontal 

groove in the front of the glabella to the rim of the border; antero-lateral angles rounded. 

The postero-lateral limb narrow, marked by a broad, shallow groove extending from the 

dorsal furrow to the extremities of the limb. 

Free cheeks large ending into a strong genal spine which has about the same 

length as the cheek, body border narrow and depressed; cheek-body slightly convex, 

forming a triangular depressed area inside the posterior margin. 

Thorax unknown, 

Pygidium large with a strong central axis that terminates within a broad flatten. 

ed border, Central axis divided by broad, deep and round furrows into six or more 
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transverse rings; pleural lobes also marked by broad furrows opposite the transverse rings 

of the central axis, but much flattened. 

Surface apparently smooth under the lens. 

The incurving sides of the glabella, the broad and flat frontal border and narrow 

fixed cheeks suggest the genus Sawkiv, but our genus differs from the latter in its longer 

glabella, three pairs of short slightly impressed glabellar furrows, and also in the position 

and the comparatively small size of the palpebral lobe. 

This genus is the most common one in the upper zone of the Upper Cambrian of 

Chau-Mi-Tien and belongs to the family Dikelocephaline. 

This genus is characterized by its broad, slightly convex frontal border, subrectan- 

gular glabella with both sides contracting in the middle, narrow fixed cheeks, large free 

cheeks, comparatively small palpebral lobe which is centrally placed, and the large 

pygidium with flattened border. 

The generic name is given in honor of Dr, H. T. Chang #2], former president 

of the Geological Society of China. 

Genotype :—Changia chinensis Sun. 

CHANGIA CHINENSIS Sun (sp. nov.) 

Plate IV, Figs. 5 a-g. 

General form large elongate and oval, moderately convex, cephalon transversely 

semicircular with genal angles extended into a strong spine. Glabella moderately convex, 

elongate, subcylindrical, contracting opposite the palpebral lobes hy incurving of the 

sides of the glabella; marked by three pairs of short glabellar furrows, the posterior pair 

broad and short extending obliquely backward; the second pair of furrows parallel to the 

posterior one but short and also slightly impressed, the anterior pair very short and very 

slightly impressed; occipital furrow broad and shallow arching forward in the middle, 

occipital ring moderately convex broad in the middle and arching forward. 

Frontal limb very broad, slightly convex, separated from the glabella by a strong 

distinct groove in the front of the glabella, the frontal margin slightly curved and the 

antero-lateral angles rounded. Dorsal furrows deep and distinct. 

Fixed cheeks very narrow, slightly convex; the facial suture cuts the frontal 

border slightly outward and than inward toward the anterior part of the palpebral lobe, 
curves around the latter and finally extends outward and hackward, outlining the postero- 

lateral limb. Palpebral lobe of medium size and elevated. Postero-lateral limb narrow, 
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triangular in outline; marked by a broad postero-lateral furrow extending outward but 

slightly backward to both extremities. 

Free cheeks very large, subtriangular in outline, exclusive of genal spine, with 

a narrow depressed flat border; cheek-body slightly convex and broad, ending in a long 

genal spine. 

Pygidium transverse, large and with a strong central axis that terminates within 

a broad flattened border. It is marked hy clearly defined transverse rings that extend 

out in the pleural lobes to the border, 

Surface smooth. 

This species is characterized by the elongate cylindrical glahella, broad frontal 

border and also small palpebral lobe centrally placed, It is represented by several crani- 

dia, free cheeks and pygidia. 

Horizon anp Locatiry:—Upper Cambrian: Upper zone of the Upper Cambrian 

of Chau-Mi-Tien region, Shantung. Collected by university expedition. 

Measurements : — 

Cephalon 

Cranidium (a-c) 5a an Be 

Length of cranidium Zo. 10.0 10.0 

Front width of eranidium 18.0 7.0 7.9 

Length of glahella 15.5 6.5 6.0 

Width of glabella opposite the palpebral 

lobe 8.0 4.0 4.0 

Width of frontal border 6.5 2.3 2.6 

Width of occipital ring ee) 20 2.0 

Free cheeks (d-f) 5d 5e ami 

Length of cheek 37.0 35.0 12.5 

Width of cheek 15.0 15.0 6.2 

Length of genal spine (preserved) 10 32.0 6.5 

Pygidium (g) 5g 

Length 30.0 

Width 50.0 

Genus QUADRATICEPHALUS Sun (gen, nov.) 

General form elongate oval; moderately convex. Cephalon transversely semi- 

ovate with genal angles extended backward in a strong spine. 
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Cranidium subrectangular in outline, exclusive of postero-lateral limb, Glabella 

moderately convex, sub-cylindrical with both sides parallel, slightly rounded in the front. 

Tt is marked by three pairs of glabellar furrows; the posterior pair shallow, distinct, 

extending obliquely inward and backward and connecting in the middle; the second pair 

short and shallow, being parallel to the posterior pair; the first or anterior pair very 

short about one fifth the width of the glabella; a median longitudinal ridge very pro- 

nounced, extending from the frontal furrow to the occipital furrow. Occipital furrow 

broad and rounded, slightly narrow in the center; dorsal furrow broad deep and rounded ; 

frontal groove or furrow rounded and distinct; occipital ring transverse and of nearly 

uniform width. 

Fixed cheeks very narrow, about one fourth the width of the glabella at the 

palpebral lobe; palpebral lobe very small and situated opposite the second furrow of the 

glabella and a little in front of the center of the glabella. The facial suture curve slightly 

outward from the frontal margin, thence curves inward to the anterior angle of the palpe- 

bral lobe and around it, and finally extends obliquely outward to outline the free cheeks 

from the postero-lateral limbs. 

Frontal border slightly convex or flat with antero-lateral angle rounded, very 

broad, of uniform width throughout, about one fourth the length of the cranidium, the 

middle part of the border very slightly impressed. 

An associated free cheek probably of this species, is large and broad with flat 

broad border and ending in a strong genal spine. 

Surface strongly punctate, 

This genus is entirely distinct from any other known in the Upper Cambrian of 

China and evidently belongs to the family Dikelocephaline. Quadraticephalus differs from 

Saukia in the longer subrectangular glabella with subparallel sides and straight frontal 

margin, small eye lobe and the punctate character of the surface. 

\ Quadraticephalus differs from Dikelocephalus in the position of the palpebral lobe 

situated in the front of the middle of the glabella, longer glabella and also in the glabellar 

furrows. Other differences may be found in future when more complete specimens are 

obtained. 

This genus is similar to the genus Chuangia in form, but the presence of the 

median longitudinal ridge, subrectangular glabella with subparallel sides and punctate 
character of the surface serves to distinquish it from that genus which is found in the 

Chau-Mi-Tien region of Shantung. The subrectangular glabella, pronounced median longi- 

tudinal ridge, small eye lobe opposite the second pair of furrows, narrow fixed cheeks and 

the punctate character of its surface are characteristics of this genus. 
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Genotype :—Quadraticephalus walcotti Sun. 

Quadraticephalus walcotti Sun (sp. nov.) 

Plate IV, Figs. 6 a-d. 

This species is represented by several cranidia and separated free cheeks asso- 

ciated with it, 

The generic description of Quadraticephalus is based on this species, and there- 

fore nothing need be added here. 

The species is characterized by the broad, slightly convex frontal border of the 

cephalon, small eyelobe placed opposite the second pair of the glabellar furrow, subrect- 

angular glabella with a pronounced median longitudinal ridge, the presence of a depres- 

sion dividing the frontal limb on the median line of the glabella and the free cheeks with 

their very broad strong genal spines. 

The specific name is given in honor of Dr. C. D. Walcott in recognition of the 

great work done by him on the Cambrian Faunas of China. 

Horizon anp Locatiry—Upper Cambrian: from Kaolishan limestone of Tai- An, 

just below the foot of the Pagoda, i.e. the highest bed in that region (Coll. Y. C. Sun). 

Measurements : — 6a eb 6c 

Length of cranidium 15.5 mm. 14.8 mm. 10.0 mm. 

Frontal width of cranidium 11.0 mm. 11.0 mm. -— 

Length of glabella 9.6 mm. 9.8 mm. 6.5 mm. 

Width of glabella opposite the pal- 

pebral lobe 6.2 mm. 6.5 mm. 4.0 mm. 

Width of frontal border 4.0 mm. 3.4 mm. 2.0 mm. 

Width of occipital ring 2.2 mm. 2.0 mm. 1.3 mm. 

Quadraticephalus ? convexus Sun. (sp. nov.) 

Plate IV, Fig. 7. 

This species is represented by a broken central portion of the cephalon, Glabella 

quadrate in form very convex; it is distinctly marked by a longitudinal ridge extending 

from the furrow in the front of the glabella to the occipital furrow. It is also marked by 

two pairs of the glabellar furrows, The first or anterior pair faintly impressed and twisted ; 
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the posterior pair shallow and slightly impressed extending from the dorsal furrow to the 

median ridge where they unite. 

Occipital furrow shallow and broad, merging into the dorsal furrows on both 

sides, 

Fixed cheek very narrow, about one fourth the width of the glabella, Frontal 

border convex and inarked by the broad groove which separates the frontal border from 

the glabella, 

Surface finely punctate. 

I place this species under (Juadraticephalus because of the quadratiform outline 

of the glabella, the presence of a distinct longitudinal median ridge, the narrow fixed 

cheek and the fine punctate character of the surface, although the frontal border is quite 

different. This species differs from (. wulcotti in the narrow frontal border, short and 

broad convex glabella and the glabellar furrows. When a perfect specimen is discovered, 

other differences may be found, 

Measurements :— 7 

Length of cranidium 14.5 mm. 

Length of glabella 10.0 mm. 

Width of fixed cheeks opposite the palpebral lobe 2.0 mm. 

Width of frontal border 2.6 maint, 

Horizon anp Locatrry:—Upper Cambrian: from conglomerate limestone of 

of Kao-Li-Shan (Coll. Y, GC. Sun). | 

Genus PTYCHASPIS Hall 

Ptychaspis chinhsiensis Sun (sp. nov.) 

Flate IV, Figs. 8 a-f. 

1923 Ptychaspis chinhsihsiensis Sun, Upper Cambrian Fossils from Féngtien. Bulletin of the Geological 

Society of China Vol. II, No. 1-2 p. 101 (listed). 

This species is represented by several cranidia, separated fixed cheeks, and asso- 

ciated hypostoma and pygidia. 

Dorsal shield elliptical in outline, moderately convex, with a large genal spine 

on each side. 

Glabella moderately convex, the greatest convexity in the anterior lobe; it is 

divided by a broad distinct backwards arching transverse furrow into one long anterior 

lobe and one narrow transyerse lobe. Anterior lobe very long, marked by two pairs of 
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furrows, the posterior pair very short and broad and the anterior pair slightly impressed, 

rarely distinct; the second lobe rather transverse, narrow at the center, becoming wider 

at the sides; occipital furrow distinct and broad arching forward at, the center; occipital 

ring moderately convex, broad at the center and narrow at both sides. 

Fixed cheeks very narrow, about one half the width of the glabella at the palpe- 

bral lobe; convex near the palpebral lobe, becoming more gentle both in the front and 

at the back of the palpebral lobe. Palpebral lobe distinctly elevated and separated from 

the fixed cheeks by an outward bending palpebral furrow, which extends from the 

posterior furrow of the anterior lobe to the front of the occipital furrow; dorsal furrows 

rounded and distinct in confluence with the postero-lateral furrow; postero-lateral limb 

narrow, the outer ends bending slightly backward; postero-lateral furrows distinctly 

marked, very broad near the dorsal furrow, becoming narrower toward the end. 

The facial sutures first cut the front border, then extend inward and backward to 

the anterior part of the palpebral lobe, curve around this lobe and finally extend back- 

ward and outward to cut the posterior border of the cephalon. 

Frontal border gently convex, broad at the middle and becoming gradually 

narrow ov. both sides, separated from the glabella and the fixed cheeks by a shallow 

furrow. 

Free cheeks exclusive of the genal spine, subtriangular in, outline; the border is 

well defined and extends to the facial suture; the body of the cheek moderately convex; 

genal spine about the same length as the cheek, pointing backward and slightly outward; 

the body as well as glabella separated from the border by a distinct groove; the border of 

uniform width, marked by several irregular striations. 

The associated hypostoma is subrectangular in outline, with obtusely rounded 

posterior border; the central portion or body strongly convex, marked by a pair of the 

posterior furrows which extends obliquely inward and backward and are nearly parallel 

to the margin of the central body. Posterior rim very narrow and elevated, separated 

from the central portion by a broad posterior groove. 

Fragmentary segments of the thorax are known with the axis gently arched and 

marked by a distinct groove; pleurze about the same width as the axis, flat and marked 

by grooves narrowing toward the sides before reaching the end, 

Pygidium subsemicircular in outline and transverse; the central axial lobe very 

convex and conical near to the posterior margin of the pygidium, divided by five distinct 

furrows into five transverse rings and one long terminal ring; the pleural lobes broad 

marked by nine or more furrows into ten or more segments which extend up to the 

flat planulate margin of the pygidium. 
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Cranidia, free cheeks, hypostoma and pygidia appear granulated under a strong 

lens. 

This species is characterized by its finely granulated character, rather short 

second lobe, broad flat frontal border, absence of pustules and the conical axial lobe of 

the pygidium. 

The form of the glabella and its size suggest P. acamus Walcott, but it differs 

from the latter in the comparatively narrow second lobe, in the absence of a marked 

pustulose and punctate character and in the broad frontal border. When the entire 

specimen of P. acamus is found, other differences will be found. 

The largest specimen (c) 17 mm. in width has a length of 16 mm. 

Measurements :— 

Cephalon 8a 8b 

Length of cranidium — 11.0 mm. 

Width of cranidium of palpebral lobe — 11.5 mm. 

Length of glabeila 5.5 ram. 7.5 mm. 

Width of glabella at palpebral lobe 4.0 mm. 5.5 mm. 

Width of anterior lobe 4.5 mm. 6.0 mm. 

Width of second lobe LO Tar, 1.3 Tat. 

Width of occipital ring 1.1 mm. 2.0 mm, 

Hypostoma Sd 

Length 6.5 mm. 

Width 6.0 mm. 

Free cheeks Se 

Width of cheek body at palpebral lobe 3.5 mm. 

Width of border of free cheeks 2.0 min. 

Pygidium Sf 

Length 5.0 min. 

Width — 

Length of axis 4.5 mm. 

Anterior width of axial lobe 2.0 mm. 

Horizon anp Locatiry:—Upper Cambrian: from thin bedded argillaceous 
limestone of Sha-Kuo-Tun, Chin-Hsi-Hsien (#099) from which this species is named. 
Collected by Dr. J. G. Andersson. 
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Ptychaspis angulata Mansuy var. chinensis Sun 

Plate V, Figs. 1 a,b. 

1915 Ptychaspis angulata Mansuy. Faunes Cambriennes du Haut-Tonkin, p. 25 pl. IIT, fig. 2 a-v. 
Mém., Serv. Géol. de l’Indochine. Vol. IV, fase. IT, 

1916 Ptychaspis angulata Mansuy. Faunes Cambriennes de L’Extréme-Orient Mériditional, pl. V, fig. 12 
a-e- Pl. VI, fig. 1 a-d. 

Mansuy described this species very fully, the translation of his description being 
as follows: 

“The glabella is subrectangular, a little larger at the base than at the anterior 

extremity. The anterior lobe is roundly arched; the dorsal furrows, deep and narrow, 

are faintly sinuous. The first lateral furrows, well marked, very oblique behind, spread 

over two-thirds of the width of the glabella; they seem really to represent a second pair, 

the first pair of lateral furrows being frequently erased in species of this genus. The 

following furrows (transverse furrows) very deep, parallel to the preceding lateral ones, 

are continuous, Occipital furrow sinuous. The lower edge of the head, the occipital 

furrow, the lateral furrows and the anterior edge of the glabella are about equidistant in 

both varieties. In the middle of the occipital ring, a striking tubercle is noticeable in 

most samples; this tubercle, often broken at the top, gave rise to a spine more or less 

developed. 

“Fixed cheeks very narrow, with a variable convexity, usually fairly well 

marked, Ocular lobes about semicircular, sinuous anteriorly, are contiguous to the gla- 

bella and join it in a very short ocular line. Frontal limb narrow, almost flat with a 

large arched tubercle in the middle; its width equal to that of the marginal rim, which is 

larger in the middle than laterally, and is separated from the limb by a large but not deep 

furrow. The anterior edge of the head is not curved but forms a very open obtuse angle. 

The sutures, very oblique in their posterior portion up to the ocular lobes, are sinuous; 

after having passed these occular lobes they become rectilinear and parallel to the axis of 

‘the glabella before reaching the anterior margin. The free cheeks though dissociated, 

are easily differentiable one from the other according to width. The surface is regular- 

ly convex, with the maximum convexity at the center. The marginal rim, large and 

elevated, with curved section, enlarges more and more until it reaches the genal angle. 

The posterior rim of the cheeks is much narrower. The genal spine, long, strong, acicular, 

with circular section, is nevertheless at its base much smaller than the peripheric rim. 

The lower edge of the free cheeks forms a concave are with large radius near the genal 

angle. 

“The dissociated thoracic segments show that the rachis was salient, with curved 

section, The pleure are large and are traversed by a well-marked, slightly oblique 

furrow; the pleural ends are inflected backwards. Some of the pygidia are arched, others 
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semicircular, It is probable that the longest belonged to the long variety and the shorter 

ones to the short variety. In all other characteristics they do not differ in any way. The 

axis is salient, truncato-conical, it is formed by seven segments; the terminals are obso- 

lete. The lateral lobes have six furrowed segments, separated from the edge by an 

oblique and flattened limb.”’ 

Mansuy compared this species with P. campe Walcott from the Upper Cambrian 

of Chau-Mi-Tien of Shantung; and he also mentioned that this species differs from Wal- 

cott’s species in the angular anterior edge of the frontal rim and also in the small eye 

lobe. 

Two varieties were described by him. The width of the glabella equals 84 

hundredths of the length in one variety, while in the other variety the width does not 

represent more than 60 hundredths of the length. He also mentioned that the short 

glabella is higher and more incurved longitudinally than the long glabella. 

In the Kaolishan material four cranidia are represented. 

This new variety differs from the type species in the anterior lobe enlarging forward 

in the presence of very broad rounded frontal groove separating the frontal rim from the 

glabella, and in the distinctly punctate character of the surface. 

This variety is rather similar to Ptychaspis acamus var. punctata both in the form 

of the glabella and the surface character, but it differs from the latter greatly in the 

angular edge of the frontal rim which has a very obtuse angle. 

Measurements :— 1a ibd 

Length of cranidium 9.4 mm. — 

Length of glabella 6.4 mm, 6.5 mm. 

Frontal width of glabella 4.0 mm. 5.0 mm, 

Width of anterior lobe 4.6 mm. o.A) aint, 

Width of second lobe 1.5 mm. 1.4 mm. 

Width of frontal rim and groove combined 1.5 mm. 1.6 mm. 

Anterior angle of frontal rim 135° 185° 

Horizon anp Locariry:—Late Upper Cambrian: from the uppermost part of the 

Kaoli formation in the conglomerate limestone of Tai-An, Shantung. (Y. C. Sun Coll.) 

Ptychaspis walcotti Mansuy 

Plate V, Figs. 2 a. 

1915 Ptychaspis Halcotti Mansuy. Faunes Cambriennes du Haut-Tonkin, p. 22, pi. 11, fig. 1 6a, b 

pl. IL, fig. 1 a-z. Mém. du Serv. Géol. de L’Indochine. Vol. IV, fase. II. 



Vol. I. Sun— Cambrian Fauwnas of North China (iv) 69 

1916 Ptychaspis Walcotti: Faunes Cambriennes de I.’Extréme-Orient Méridional, pp. 33-34, pl. V, 

fig. 10 a-j, fig. 11 a-b. 

Dr. Mansuy Described this species very fully and the translation of the deserip- 

tion is as follows: — 

“The two species attributed to the genus Ptychaspis Hall found in the Cambrian 

of Upper Tonking, are very imperfectly known, being represented only by fragments of 

heads, by a few free cheeks and thoracic segments, and by pygidia which seem to be 

closely related to the forms of the same genus described by Mr. Walcott from the 

Cambrian of Shantung and of Shansi. 

‘“The species herein described is represented by two varieties, well differentiated 

in their proportions, one with a longer glabella the other with a shorter glabella; the 

glabella of the first is somewhat contracted. These differences in the length and width 

of the glabella, separating these two forms, seem furthermore to represent only individual 

variations, for, as we will see later, very characteristic details of organization of specific 

order are common to both. Ptychaspis angulata nov. sp., described further on, found in 

another locality than P#. walcotti nov. sp., is also represented by two varieties differentiat- 

ed in the same degree and possessing common specific characteristics as strong as those 

observed in both varieties of the preceding species. In both Pt. walcotti and Pt. angulata 

the two varieties differ in certain parts but are similar in their fixed common charac- 

teristics. If we add that no intermediate variety has been observed, with one partial 

exception, in spite of the large number of specimen gathered, we are forced to the deduc- 

tion (with due reservations) that the two varieties of our species are perhaps but the 

expression of sexual differences. 

“‘We will describe in the first place the long variety of Pt.walcotte (nov. sp. ). 

The glabella of the long variety of this species is subrectangular, the anterior side and the 

posterior side measuring in a large individual 11 mm. and 15mm. The convexity is 

fairly well marked without reaching the high relief shown by certain species of the same 

genus. The longitudinal incurvation becomes progressively accentuated from the middle 

of the length and ends anteriorly in a rather abrupt curve. Dorsal furrows large and 

very deep, their depth being increased by the increased height of the fixed cheeks. The 

occipital furrow, equally well marked, deeper laterally and inflected backwards in the 

same parts, is slightly sinuous in the middle. Anterior lobe rectangular, the anterior 

edge of the glabella being almost straight, very gently convex. It is much wider than 

long and limited backwards by transverse marginal furrows, not very noticeable. The 

second lateral furrows, are still very oblique backwards, deeply furrowed, are separated 

one from the other by an interval equal to their length. The third lateral furrows are 
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still more marked than the preceeding ones and with the same obliqueness at their ends, 

are continuous, The second and third lateral furrows as well as the occipital furrow, are 

separated by almost equal intervals. The occipital ring, in the same relief as the glabella, 

is large, with curved are section, its width is greater in the middle than at the ends; on 

its posterior margin is inserted a strong occipital spine of which only the base, having 

the appearance of a large tubercle, is visible. The fixed cheeks, incomplete in all our 

specimens, are narrow and show a convexity almost as marked as that of the glabella; 

The rim which bounds them posteriorly is smaller than the occipital ring. Ocular lobes 

small, raised in the vertical plane and almost parallel to the dorsal furrows of the glabella. 

The width and the convexity of the frontal limb are almost equal to the width and 

convexity of the fixed cheeks; Its surface blends laterally and backwards in the surface 

of the fixed checks, in such a way that the glabella is surrounded by a perfect rectangular 

frame, which gives to the cranidium of our specics a very individual appearance. The 

whole surface is covered by little tubercles, either subcircular or elliptical, drawn close 

together and sometimes mingling and scattered without symmetry. 

“The free cheeks, the thoracic fragments and the separated pygidia which 

accompany the heads described above, are simply mentioned here, with all reservations 

as to their belonging to one or the other of the two varieties of Pt. walcott?, The free 

cheeks are large, one of the specimens is a little smaller than the others and this 

peculiarity allows us to suppose that it belongs to the long and narrow variety rather than 

to the short variety of Pt. walcotti, the glabella of this one being much larger than that of 

the long variety. The genal angles are not raised, they are situated in the prolongation 

of the posterior edge of the head. The genal spine is not very long but wide and robust, 

very diverging. It makes way without any deviation to the marginal rim. The thoracic 

fragments observed on the same fragments of shale, are much mutilated, with furrowed 

pleure and rounded arched axis. No other characteristic is noticeable. 

“All the pygidia are of the same type and identical, «ne with the other. They 

are particularly remarkable because of their very transverse form and the strong inflection 

of the upper edge. The entire marginal region of these pygidia are thrown backwards 

and form a very obtuse angle sometimes even, in certain specimens, showing a rectilinear 

trace (perhaps as the result of a slight deformation). The rachis, with semicircular 

section, truncato-conical, is composed of five larg: segments, rounded and separated by 

deep furrows. The posterior segment, larger than the preceding ones, joins the 

posterior edge hy an abrupt inflexion, On the lateral lobes can only be distinguished 

the proximal end of two upper segments, the following ones leing entirely erased; the 
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whole surface of these lobes is covered by fine sinuous lines, drawn close together, 

resembling cracks, interrupted or joining, whose general direction is parallel to the 
edge. 

“The glabella of the second variety of Pt. walcotti, of almost equal length and 
breadth, shows a subtrapezoidal contour; its longitudinal inflection becomes abruptly 
accentuated towards the anterior third of its length. The length and obliqueness of the 

anterior lateral furrows, the anterior concavity of the third lateral furrows, continuous, 

reproduce all the traits of the corresponding parts of the long variety. The marginal 

anterior rim is equally very wide, erched and contiguous to the glabella, This glabella 

of the short form, seem to represent the glabella of the long form but shortened, as if 

contracted with a stronger incurvation., 

‘“‘SIMILARITIES AND DIFFERENCES. The 14 species of Upper Cambrian trilobites 

from Shantung and from Shansi, attributed to the genus Ptychaspis Hall, by Mr, 

Walcott, are all as poorly represented as are ours, by very mutilated heads, sometimes 

reduced to internal moulds of dorsal teguments from the glabella and from the fixed 

cheeks, by a few incomplete free cheeks and by three pygidia. From such insufficient 

material we may only venture on some limited comparisons, all conclusion being 

forbidden, particularly as we foresee that a revision of these forms based on the study 

of less fragmentary specimens, will modify in a large measure the interpretation which 

has heretofore been given, either by the reduction of the number of species already 

described, or by the reference of some of them to other genera. 

‘“Among the Chinese species, Pt. walcotti (nov. sp.) represents closer affinities 

with Ptychaspis acamus Wale. from the Upper Cambrian limestone of the Chau-Mi-Tien, 

in Shantung. The glabellx of Pt. acamus joins intermediate proportions to those of the 

two varieties of Pt. walcotti; its anterior edge is more convex. The occipital ring is 

smaller; finally in the Tonking species, the convexity of the long variety, in its anterior 

half, is much fainter, while it is more marked in the short variety. The granulations 

which cover the surface of our species, are bigger and closer and through the superficial 

structure of the integuments, Pt. walcotti draws closer to Pt. cadmus Walc. a species from 

the same locality as Pt. acamus; besides, Pt. acamus, Pt. cadmus and Pt. campe Walc. 

from Shantung, resemble each other closely. The differences in the proportions of the 

glabella, in the height and in the relative development of the frontal lobe and the lateral 

lobes, in these species, are faint, they vary in fact, very little from Pt. walcotti, and the 

comparison of the figures given by Mr. Walcott with those representing Pt, walcotti in 

the same work, will give a more exact notion of the similarity of these three Chinese 

species between them, and with the Tonking species, than the best description. 
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“Ptychaspis walcotti differs in both varieties from Pt. angulata characteristic 

of a little older horizon from the Cambrian of the region of Yen-minh, by the more 

clearly rectangular contour of the glabella and by its fainter convexity. The marginal 

anterior rim, in Pt. walcotti is large and continuous to the glabella, while a narrow limb 

separates it in Pt. angulata. These notable differences are also noticeable between the 

pygidia found with the fragments of heads of these two species, The pygidia associated 

with the cranidia of Pt. angulata are bounded by a smooth limb all over their 

circumferencial contour. The segments of pleural lobes are very apparent; it has been 

noted that on the pygidia found with Pt. walcotti, they are almost entirely erased.’’ 

One cranidium from Sha-Kuo-Tun probably belongs to the long variety of 

the Tonking species. It has a broad occipital ring, a straight anterior edge of the 

anterior lobe, moderately convex rectangular anterior lobe and large elliptical tubercles. 

In these respects, as well as in size, our specimen agrees fairly well with Mansuy’s 

species. This is the first example of this species found in China, although it occurs 

abundantly in the Upper Cambrian of Tonking. This suggests that the Shakuotun 

limestone of Féngtien is equivalent to the zone of Ptychaspis walcotti, the uppermost 

zone of the Upper Cambrian of Tonking. 

MEASUREMENTS : — 

Length of cranidium 9.5 mm. 

Length of glabella 6.5 mm. 

Antero-posterior width of anterior lobe 5.2 mm. 

Width of second lobe 1.5 mm. 

Width of occipital ring 2.0 mm. 

Width of frontal rim 1.2 mm. 

Horizon and Locaurry:— Upper Cambrian: from Shakuotun limestone, 

Sha-Kuo-Tun, Chin-Hsi-Hsien, Féng-Tien. Collected by Dr. J. G. Andersson, 

Ptychaspis subglobosa Grabau (Mss ) (sp. nov.) 
Plate V, Figs. 3 a-d 

1928 Ptychaspis subglobosa (Grabau), Sun. Bulletin of the Geological Society of China Vol. II No. 1-2 

(listed ) 

‘This species is represented by four glabellas with parts of fixed cheeks attached 
(one of the specimen is shown from the under side and two are very imperfect), 
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Associated with these is a large number of free cheeks and genal spines which apparently 
belong to this species. 

“Glabella large, almost paratiel-sides except for the slightly wider subglobose 
anterior lobe, which is strongly convex and but slightly wider transversely, its antero- 
posterior dimension somewhat less than half the length of the entire glabella, Anterior 
glabellar furrow complete slightly less pronounced in the center and very gently arcuate; 

second furrow more strongly deflected backwards and faint in the center; occipital furrow 

similar to the anterior furrow but broader at the sides and somewhat fainter in the center; 

the convexity of the posterior segments somewhat less than that of the anterior lobe. Oc- 

cipital segment slightly broader than second and third segments which are of equal width. 

‘Fixed cheeks flat or very gently convex; their width somewhat more than 

half the width of the glabella, broadly grooved posteriorly by the lateral extension of the 
occipital furrow. 

‘“‘The associated free cheeks are large and extended into a long gently curved 

genal spine. The outer contour is gently and regularly convex, and the inner side 

contracts rapidly to the very gently tapering genal spine, which has a subcircular or 

broadly ovoid section with the narrow end on the inside. It is marked by subequally 

spaced, rather distint and more or less continuous longitudinal striz. The length of the 

genal spine is considerable, being much greater than that of the glabella; its terminal 

end tapers rather more rapidly. 

‘‘Surface apparently smooth, though in one specimen there is a suggestion of 

faint discontinuous and concentrically placed wrinkles on the anterior lobe of the 

glabella, 

‘‘The specimens occur in a limestone conglomerate (intraformational) with large 

worn limestone pebbles. The slender genal spines are by far the most numerous, and 

they are mostly fragmentary, the anterior expansion of the free cheek being shown only 

in afew specimens. They are very like the genal spines of some species of Paradoxides, 

but more curved, and they are longer and more slender than those of any other species 

of Ptychaspis from the Cambrian of China, They are also much longer proportionately, 

more cylindrical and less rapidly-tapering than are those of P. minicaensis Owen, the 

type species of the genus, from the St. Croix beds of Wisconsin. 

“This species approaches Ptychaspis calyce Walcott, from the Upper Cambrian 

Ch’aumitien limestone of Shantung, in the form of the glabella but the anterior lobe is 

longer more nearly subglobose while the second furrow is more deflected backwards 
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medially and less continuous than in that species, The Féngshan specimens are also 

uniformly larger. The free cheeks of our species are very distinct. 

“Measurements: The length of the most perfect glabella is 25.5 mm., width of 

anterior lobe (longitudinal) 12.5 mm., width of central part of glabella 13.5 mm. The 

diarneter of the median portion of the genal spines varies from 3.5 to 4 mm, 

‘Horizon and Locality: The specimens occur in a limestone conglomerate of 

Upper Cambrian collected by Dr. J. G. Andersson at Luan-Hsien, Chihli province.” 

(Grabau Mss.) 

Five more cranidia of this species were obtained from the Koa). limestone. Two 

large ones occur in the same limestone conglomerate and are essentially of the same type 

as those of the Féngshan limestone. Three other small specimens were found in the 

crystalline limestone full of Obolus, 2 or 3 meters below. The Shantung specimens 

are well preserved especially in the fixed cheeks, eye lobes and the surface while the 

Chihli specimens are nearly worn away and difficult for description. 

Fixed cheeks flat, moderately convex near the palpebral lobe and sloping down 

the postero-lateral portion; triangular in outline, exclusive of the palpebral lobe, very 

broad in the posterior part about the width of the glabella and becoming narrow 

gradually toward the front; marked posteriorly by a broad and distinct groove, which 

extends outward from the furrow a little below the occipital furrow to the postero-lateral 

extremities and broadens slightly outward. It is also marked by distinct raised 

undulating ridges which are the characteristic feature of this species. 

Palpebral lobe small, elongate, situated just opposite the first glabellar furrow 

and separated from the fixed cheeks by an incurved furrow and elevated. The occipital 

ring usually broader than the third lobe, slightly narrow in the center, becoming broad 

at both sides. It is distinctly marked by a median node. 

The facial sutures cut the antero-lateral portion with a regular convexity to the 

anterior part of the palpebral lobe; and curving around this lobe, extend outward 

and backward to the postero-lateral extremities, forming angles of 45° with the posterior 

margin. 

Surface strongly marked by elevated ridge, and wrinkles and also punctate, 

The concentric wrinkles of the anterior lobe, and the general form of the 

cranidium suggest P. ceto Walcott from the Upper Cambrian Chaumitien limestone of 

Chau-Mi-Tien, Shantung, but our species differs in the longer subglobose form of the 

anterior lobe of the glabella, the punctate surface with distinct wrinkles and ridges, and 

also in the greater deflection of the transverse furrow of the glabella, 
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MEASUREMENTS: — 

a b c d 
Length of cranidium 20,0 tam, Om, seces 6.0 mm. 
Width of cranidium at the palpebral lobe... 17.0mm. 12.2mm. 7.0 mm. 
Length of glabella 21.8mm. 16.0mm. 9.0mm. 5.0mm. 
Antero-posterior dimension of anterior lobe 12.5 mm. 10.3 mm. 5.0mm. 3.0 mm. 
Width of glabella 14.2mm. 10.5mm. 6.2mm. 3.5mm. 
Width of the second lobe (antero-posterior) 4.8mm. 3.5mm. 2.0mm. 1.3mm. 
Width of the third lobe sis Pe 40mm. 3.4mm. 1.5mm. 1.0mm. 
Width of occipital ring ae Ya; aces SU Uy: Goa 1.0 mm. 
Length of palpebral lobe eae 3.0mm. 2.0 mm, 

Horizon anp Locaurry:—Late Upper Cambrian: from the conglomerate 

limestone and crystalline limestone of Kaolishan formation of Tai-An, Shantung. (Y. 

C. Sun Coll.): also the upper Cambrian of Luan-Hsien, Chihli (J. G. Andersson Coll.). 

PTYCHASPIS SUNI Grabau (mss.) (sp. nov.) 
Plate V, Figs. 4a, b. 

1923 Ptychaspis suni (Grabau) Sun, Bulletin of the Geological Society of China, Vol. II, No. 1-2 p. 98. 

“Only the cephalon exclusive of the free cheeks is known but one free cheek, 

probably of this species is associated with this, Glabella with parallel sides, moderately 

convex, the greatest convexity apparently in the anterior lobe, though this is worn. 

Anterior and second lobe separated by a very faint furrow which is transverse; the width 

(longitudinal) of the two lobes combined being equal to the width of the glabella which 

in the specimens described is 5.75 mm. The second furrow is more pronounced, and more 

concave forward, the third or occipital furrow is strong and transverse. Length of 

entire glabella, 9 mm; width of occipital ring 1.7 mm. 

‘‘Fixed cheeks half the width of the glabella, subsemicircular in outline, with a 

pronounced narrow palpebral lobe defined by a well-marked furrow. 

‘‘Entire surface of cranidium strongly pustulose except where worn. 

‘‘The associated free cheek has about the width of this fixed cheek at the center 

of the occular lobe. Behind this it curves outward at first obliquely then abruptly 

ending in a narrow gently tapering genal spine of subcircular section and forming nearly 

half the length of the cheek, Anterior portion terminating in an angle of about 45°. 

Outer edge of free cheek gently but regularly curving from anterior end to the tip of the 

genal spine. 
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“This species resembles Ptychaspis campe Walcott from the Upper Cambrian 

Ch’aumitien limestone of Shantung in the form of the glabella, fixed cheeks and 

palpebral lobes, and in the pustulose character of the carapace. The occipital furrow of 

our species is however very much deeper than in that species, being moreover 

continuous, while it is interupted in the center in the Shantung species. Our species is 

more over nearly twice as large as P. campe. 

‘“fortzon And Locatiry: In the thin-bedded argillaceous limestone of 

Féngshan formation of Yeh-Li, Luan-Hsien, Chihli, Collected by H. C. T’an. The 

species is named after Mr. Y. C. Sun, of the National Geological Survey.’’ 

PTYCHASPIS ACAMUS Var. PUNCTATA Sun (var. nov.) 

Plate V, Figs. 5a-d. 

1905 Piychaspis acamus Walcott, Proc. U.S. Nat. Mus., Vol. XXIX, p. 69. 

1913 Ptychaspis acamus Walcott, Research in China Vol. III, p. 179, pl. 16, Fig. 18, 18 a. 

1923 Ptychaspis acamus Walcott, Sun; Bulletin of the Geological Society of China. Vol. II, No. 1-2 p. 

101 (listed). 

This variety is represented by six cranidia, and associated free cheeks. 

Glabella strongly convex on the frontal lobe, but moderately convex at the back; 

Subrectangular in outline with two sides parallel to each other; frontal margin of the 

glabella very straight and separated from the uniformly narrow border by a straight 

pronounced groove. Anterior lobe quadrate in form, marked by two pairs of short 

slightly impressed glabellar furrows; the posterior pair little longer than the posterior 

ones, extending backward and inward for very short distance; second lobe very narrow 

antero-posteriorly about as wide as the occipital ring and separated from the large longer 

anterior lobe by a broad strong backward arching furrow. 

Fixed cheeks very narrow about the same width as the frontal border. Dorsal 

furrow deep and distinct. 

Frontal border narrow elevated and straight, of uniformly width throughout, 

Occipital ring narrow of uniform width throughout. 

Surface strongly marked by very large pustules and also finely punctated. 

As only the glabella of the type species is known, the detail comparison is not 

possible. 
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This variety differs from type species in the distinctly punctate character of the 

surface, straighter frontal edge of the glabella, in the narrower anterior lobe and in the 

free cheeks. 

The general form of the cranidium and the pustulose and distinctly punctate 
character of the surface suggest Pt. angulata, but it differs greatly in the straightened 

margin of the frontal border instead of the angular one. 

This variety was obtained from the highest cambrian beds of Chau-Mi-Tien five 
meters above the Orthoceras horizon. It is associated with Changia chinensis. 

Measurements : — 

a b c d 

Length of glabella 8.8mm. 8.0 mm. 7.5mm. 12.0 mm. 

Width of glabella 6.0mm. 6.0 mm. 6.0mm. 8.5 mm. 

Width of anterior lobe 7.0mm. 6.0 mm. 7.0 mm. 9.5 mm. 

Width of second lobe 1.5mm. 1.57mm. }.5 mm. 2.0 mm. 

Width of occipital ring 2.0 mm. 

Width of frontal border ...... 1.5 mm. 1.5 mm. 

Horizon anp Locaniry: Uppermost Cambrian: from the upper limestone at 

Chau-Mi-Tien, Shantung. I tentatively put it in the Féngshan horizon, separating these 

beds from the Chaumitien limestone. Collected by University Excursion of 1923. CY. T. 

Chao, K. M. Wang, C. C. Yang and C. C, Tien Coll.) 

ANDERSSONIA Sun, subgenus of PryCHASPIS (Subgenus nov.) 

Cranidium gently convex, the width at the palpebral lobe and the length 

subequal. Glabella moderately convex, short, usually broad opposite the palpebral lobe 

by outcurving at the sides of the glabella, the front narrowly rounded, A very distinct 

backward-curving posterior furrow separates the anterior lobe and the narrow transverse 

lobe; the anterior lobe laterally extended at the base becoming less so toward the front, 

marked by one pair of very short and distinct furrows extending obliquely inward and 

backward; the second lobe slightly narrow in the middle, becoming wide at the sides, 

separated from the occipital ring by a transverse occipital furrow; occipital ring little 

wider than the second lobe and of uniform width; dorsal furrows rounded, distinct and 

subparallel. 
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Fixed cheeks very narrow, about one half the width of the glabella, slightly 

convex; the facial suture first cuts the posterior border and then bends inward to the 

base of the palpebral lobe, curving around it and finally extending outward and forward, 

and then inward again to cut the frontal border; frontal limb narrow slightly convex 

separated from the narrow elevated frontal rim by a very narrow distinct transverse 

furrow, frontal rim very narrow, extended transversely with a uniform width throughout. 

Palpebral lobe large and long extending from the very faint anterior furrow of the 

anterior lobe nearly to the occipital furrow, and separated from the fixed cheeks by 

an incurving furrow. 

Associated free cheeks large with slender genal spine. 

An associated segment of the thorax, probably of this subgenus is known. Axial 

lobe and pleural lobe subequal in length; axial lobe convex; pleural lobes of nearly 

uniform width throughout except the pleural end. 

An associated pygidium transverse, with the narrow conical axis and flattened 

margins, 

This new subgenus is included in the subfamily Dikelocephalinw and is 

characterized by its slight, convex frontal limb, large and elongate palpebral lobes, 

narrow fixed cheeks and the narrow elevated frontal rim. 

The narrow frontal limb, elongate palpebral lobe and the form of the glabella 

suggest the genus Conokephalina, but the strong lateral furrows, absence of the palpebral 

ridge aud the broad form serve to distinquish it. 

It differs also from Ptychaspis in the presence of the frontal limb and in the form 

of the glabella which is broad in the middle. 

This new subgenus ix named in honor of Dr. J. G. Andersson, who collected 

these specimens, 

PTYCHASPIS (ANDERSSONIA) FENGTIENENSIS Sun (subgen. and sp. nov.) 

Plate V, Fig. 7a-c 

This species is represented hy three fragmentary cranidia, and separated free 

cheeks, segment of thorax and pygidia associated with it. 

The subgeneric description of -lnderssonia is based on this species and the 
specific name is derived from Féngtien where it was found. 
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Horizon anp Locarrry: This species is associated with Pty. chinhsiensis, Pty. 
walcottt and Eoorthis shakwotunensis ete. in the Shakuotun limestone of Féngtien. 

Measurements : — 

Cephalon 7a Tb 
Length of cranidium 6.5mm. 4.5 mm. 

Width of cranidium 6.5mm. 5.5 mm. 

Length of glabella 4.3mm, 2.9mm. 

Width of glabella opposite the palpebral lobe 3.5mm. 2.5 mm. 
Width of anterior lobe (antero-posterior) °3.5mm. 2.0 mm. 

Width of second lobe 1.0mm. 0.7 mm. 

Width of occipital ring l.imm. 0.9 mm. 

Width of frontal limb 5.5mm. 0.5 mm. 

Width of frontal rim 0.6mm. 0.5 mm. 

Length of palpebral lobe 2.0mm. 1.8mm. 

Pygidiwm (associated ) Te 

Length 4.0 mm. 

Anterior width 6.0 mm. 

PTYCHASPIS (ANDERSSONIA) TANI Sun (sp. nov.) 

Plate V, Fig. 6. 

This species is represented by one broken portion of the cephalon. 

Glabella moderately convex; divided by two backward arching transverse 

furrows into One large transverse lobe and two narrow transverse lobes; the combined 

width of the two narrow transverse lobes being nearly as great as that of the anterior 

lobe. Occipital furrow distinct. 

Fixed cheeks narrow, about one half the width of the glabella at the palpebral 

lobe; palpebral lobe very large, extending from near the anterior part of the glabella to 

the occipital furrow, and separated from the fixed cheeks by an infra-curving furrow. 

Frontal rim elevated and of uniform width, separated from the glabella by a broad 

concave limb. 

Surface strongly marked by pustules and irregularly curving ridges but not. 

punctate. 
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This species resembles both Pt. calyce Walcott and Pt. ceto Walcott in the 

transverse form of the anterior lobe, but differs greatly from both in having a very large 

palpebral lobe, narrow fixed cheeks and also in the presence of the frontal limb. 

The large palpebral lobe and the pustulose character of this species suggest Pt. 

campe from Chaumitien limestone of Chau-Mi-Tien, but the distinct, continuous 

arching transverse furrow and the concave frontal limb serve to distinguish it. 

This species is characterized by the transverse form of the anterior lobe, large 

palpebral lobe, concave frontal limb and pustulose and ridged character of the surfaces. 

It is named after Mr. H. C. T’an, (ii$3) geologist of the Survey, in recognition of 

the geological work done by him in Shantung. 

Measurements : — 

Length of glabella 3.9 mm. 

Width of Anterior lobe (longitudinal) 2.3 mm 

Width of second lobe 1.0 mm. 

Width of third lobe 1.0 mm. 

Width of frontal limb and rim combined 1.0 mm. 

Horizon and Locartiry:— Upper Cambrian: from the Upper Cambrian 

limestone of Chau-Mi-Tien. Collected by University Excursion. 

Genus ANOMOCARE Angelin 

ANOMOCARE FLAVA Walcott 

Plate V, Figs. 8a-d. 

1906 Anomocare flava Walcott, Proc. U. S. Nat. Mus., Vol. XXX, p. 583. 

1913 Anomocare flava Walcott, Research in China. Vol. IIT, pp. 190-191, pl. 18; figs. 8; Sa-c. 

This species was found by Willis and Blackwelder in the Kichou formation of 

Shansi and very fully described by Walcott. In the collection from the Kaiping Basin it 

is represented by more than 50 individuals and certainly is one of the most common 

species in the Changhia formation of North China, It is associated with Dorypyge 

richthofeni, Solenopleura nodosa, and two species of Lisania. 

It is characterized by its quadrilateral cranidium, short and moderately convex 

glabella with slight indications of glabellar furrows, shallow occipital furrow, low and 

broad palpebral ridge, slightly convex, broad frontal rim, presence of the occipital node ; 

and by a pygidium with a broad, planulate margin and with a narrow convex axis, 

slightly segmented. 
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Measurements :— 

Cranidium 8a 8b 

Length of cranidium 6.0mm. 5.5 mm. 

Width of cranidium at palpebral lobe 6.2mm. 5.6mm. 

Length of glabella 3.6mm. 3.4 mm. 

Width of occipital ring 1.0mm. 1.0 mm. 

Width of frontal limb 0.4mm. 0.4 mm, 

Width of frontal rim 1.0mm. 1.0 mm. 

Pygidium 8¢ 8d 

Length 5.0 mm. 6.0 mm. 

Width 8.0mm. 9.5 mm, 

Horizon and Locauity: Middle Cambrian: from the cliff Jimestone of 

Cheéngshan, 8 li from Chao-Kou-Chuang, Chihli. Collected by University Excursion 

(K. S. Hsu #9688 Coll. ), 

1905 

1906 

1900 

1913 

Genus Dolichometopus Angelin 

Dolichometopus deois Walcott 

Plate V, Fig. 9. 

Dolichometopus deois Walcott, Proc: u.s. Nat. Mus. Vol. XXIX, p. 94. 

Bathyuricus asiaticus Lorenz, Zeitschr. deutsch geol. Gesellsch., Vol. LVIII, pt. 2 p. 78, Pl. V, 
fig. 1-5. (species characterized and illustrated) 

Amphoton steinmanni Lorenz, idem., Vol., LVIII, pl. 2, p. 75, plate IV, figs. 15-17. (Species 

characterized and illustrated). 

Dolichometopus deois Walcott, Research in China, Vol. III, pl. 21, figs. 18, 13 a-d., Plate 22, 

figures 1, 1 a-h, 2, 2a-b. 

Dr. Walcott gives a full description of this species. 

This species is characterized by its prominent glabella diverging anteriorly with 

three pairs of rather short, very faintly impressed furrows; the presence of a small 

backward pointing occipital spine; narrow fixed cheeks; long palpebral lobe; and short 

and slightly convex frontal limb. 

Dr. Walcott compared this species with D. svecicus Angelin and mentioned that 

this species differs from the latter in the greater convexity of the glabella, more convex 

frontal limb, and other minor details of the glabella and the fixed cheeks. 
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This species is represented by only one ecranidium in the Luan-Chou (421) 

material, Our specimens agrees closely with the type of the species figured by Walcott 

both in form and size. 

Horizon ann Locariry:— Middle Cambrian: from Changhia limestone of 

Kwan-Hsi-Ying (BHj##), Luan-Chou. Collected by Dr. J. G. Andersson. 

Jleaswrements :— 

Length of cranidium 11,0 mre. 

Width of cranidium at palpebral lohe 9.8 mm. 

Length of glabella 8.5 mm, 

Basal width of glabella 2.0 mm. 

Genus ILLAENURUS Hall 

Ill2enurus pagoda Sun (sp. nov.) 

Plate V, Figs 10a-c. 

Of this species only three pygidia are known. 

Pygidium subtriangular in outline, usually broader than long, moderately 

convex. 

Shell perfectly smooth without segmentation of the axis except at the frontal 

part where it is more strongly rounded. One specimen with a part broken away shows 

very slight axial segmentation in the cast of the interior. This may be one of Walcott’s 

pecies. On account of the strong forward-projection, I refer it for the present, to a 

snew species—IJllenurus pagoda. 

~ 
i. 

J 3 ] lV re q Ln Three specimens measure respectively: length 7.5 mm., 7.5 mm., 8.0 mm.; 

width 10 mm., 10 mm., 12.0 mm. 

Horizon And Locauity:— Upper Cambrian: from the conglomerate limestone 

of Kao-Li-Shan, Tai-An, Shantung (Y. C. Sun Coll). 

Several pygidia of this type have been obtained from the Fengshan limestone of 

Chihli by Mr. H.C. T’an, They may belong to this species but on account of their weat- 
hered character precise identification is not possible. This species differs from the similar 
pygidia described by Walcott mainly in the absence of distinct demarkations of the axis. 
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Genus TAIANOCEPHALUS Sun (gen. nov.) 

Cephalon semielliptical in outline, very transverse. The greatest convexity lies 

in the central posterior portion, sloping down both to the frontal margin, and to the 

antero-lateral angles, 

Glabella truncato-conical, with broad base, the front about two-thirds of the 

basal width of the glabella; slightly contracted just opposite the palpebral lobes by a 

slight incurving of the sides. It is marked by two pairs of very broad shallow and short 

glabellar furrows in the form of shallow basin-like depressions, extending obliquely 

backward; A median longitudinal ridge extends from the frontal margin nearly to the 

occipital furrow. The occipital furrow is represented by one pair of broad Jens-shaped 

depressions separated from each other by a broad space about equal in length to the 

depression. 

Fixed cheeks narrow in the front and becoming very broad in the posterior 

parts. Dorsal furrows shallow and distinct; palpebral area at fixed cheek opposite the 

palpebral lohes moderately convex. Palpebral lobe small and situated nearly at the 

antero-lateral margin of the cephalon. 

The facial suture cuts the frontal border and extends along the palpebral lobe and 

then backward and outward to the extremities of the postero-lateral limbs, 

Postero-lateral lim} triangular in outline and marked by a distinct shallow groove 

confluent with the dorsal furrow, and becoming gradually broader up to the postero- 

lateral margin. 

Surface marked by pustules visible under a lens, outer test not known, 

This genus is distinct from any known in China and characterized by its semiel- 

liptical cephalon, truncato-conical glabella, marked by two pairs of broad shallow 

depressions and the shallow occipital furrow separated by a broad central space, and the 

large triangular postero-lateral limb. 

Probably it represents one form of the order Proparia with extended postero- 

lateral limbs. 

This genus is represented by only one specimen, and associated with Kaolishania 

pustulosa, Mansuyia orientalis, etc. 
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Genotype: Taianocephalus qrabaui Sun, 

The specimen representing this genus was obtained from Iao-Li-Shan of the 

Tai-An region from which the generic name is given, 

Taianocephalus grabaui Sun (gen. and sp. nov.) 

Plate V, Fig. 11. 

The generic description is based on this species. 

‘This species is characterized by a large triangular postero-lateral limb, absence of 

the distinct frontal limb, the elevated palpebral area near the autero-lateral angle, and 

the truncato-conical glabella marked by a pair of glabellar depressions and the occipital 

furrow in the form of very broad, shallow pits. 

Thorax and pygidium unknown. 

Measurements :— 

Length of cranidium 12.) mm, 

Width of cranidium at the palpebral lobe 12.0 mim, 

Length of glabella 9.0 mm, 

Anterior width of glabella 5.2 aii. 

Posterior width of glabella 8.8 mm. 

Width of postero-lateral limb 11.0 mun. 

This species is named in honor of Prof. A. W. Grabau, Chief Paleontologist of 

the Survey. 

Horizon anp Locatiry:— Upper Cambrian: Kaolishan limestone of Tai-An 

region (Collected by Y, C, Sun). 

Genus WONGIA Sun (gen. nov.) 

Cranidium subtriangular, exclusive of genal spine; glabella truncato-conical, 

moderately convex, not marked by glabellar furrows; occipital furrow very shallow and 

broad slightly arching backward. Occipital ring moderately convex, its transverse dimen- 

sion about one half the length of the glabella and of about the same width throughout. 
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Fixed cheeks very broad, the greatest width of the fixed cheeks opposite the 

palpebral lobe is nearly equal to the frontal width of the glabella; they rise up 

moderately from the dorsal furrow to the palpebral lobe; dorsal furrow deep and distinct. 

Frontal border with the same convexity as the fixed cheeks, with a regularly 

rounded frontal margin and separated from the glabella by a distinct frontal groove. 

The course of the facial suture is rather remarkable, it curves first from the middle 

part of the frontal border with a regularly rounded arc to the anterior part of the 

palpebral lobe, and curving around this extends outward and backward so as to cut the 

free cheeks from the genal spine of the cranidium. 

The postero-lateral iLmb becomes abruptly depressed, forming a subtriangular 

area, Genal spine pronounced, long and slender extending outward at about an angle of 

45° with the longitudinal axis and forming a part of the fixed cheeks. 

Thorax, free cheeks and pygidia are not known. 

Cranidium faintly marked by pustules under a strong lens. 

Because this form has the genal spines or genal angles on the fixed cheeks, it 

belongs to the order Proparia. 

The members of this order are very common from the Ordovician onwards but 

are rarely found in the Cambrian strata. 

Dr. C. D. Walcott mentioned that two Chinese Cambrian genera-Damesella and 

Stephanocare-have the characters of the order Proparia. But in the typical form of this 

order, the genal spines and the genal angles coincide and form one part of the fixed 

cheeks. Probably Damesella and Stephanocare may belong to a suborder of the Proparia; 

but the genus Wongia is quite distinct and certainly belongs to the typical form of the 

order Proparia. 

I take extreme pleasure in naming this new genus JV’ongia in honor of Prof. W. 

H. Wong, President of the Geological Society of China and Director of the national 

Geological Survey. 

Genotype-Wongia triangulata Sun. 

Wongia triangulata Sun (gen. sp. nov.) 

Plate V, Figs. 12a-b. 

This species is represented by four individuals in one fossil band; only cranidia 

are known. 
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The description of the genus is based on this species and therefore nothing needs 

be added except the measurements of the type specimen. 

Length of cranidium 

Width of cranidium at the palpebral lobe 

Length of glabella 

Width of glabella at the base 

Width of frontal border 

Width of fixed cheeks at palpebral lobe 

2.8 

3.0 

1.5 

1.4 

0.8 mm, 

0.95 mm. 

This species is characterized by its triangular cranidium, the long curved lateral 

spines and the course of the facial suture. 

Horizon anp Locatrry:— Late Middle Cambrian: from the thin platey lme- 

stone in Kushan shale of Lincheng, Chihli. 

Collected by Y. T. Chao and C .C, Tien. 
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List of Localities referred to, arranged Alphabetically under Provinces. 
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Chihli GAt4 

Chang-Shan peal} * 2. Chao-Kou-Chuang #i#i£ 

Chéng-Shan FS * 4. Féng-Shan youl) 

Jén-Chuang EHF * 6. Kwang-Hsi-Ying Bley eS 

Lei-Chuang BgHE * 8, Lin-Cheng Fe 

Lin-yu Tafa ARR 

Shantung WA 

Chang-Hia ike BL * 11. Chau-Mi-lien TOKE 

Kao-Kia-Pu LE * 13. Kao-Li-Shan By 

Ku-Shan Fail 15. Lien-Hua-Shan SHE 

Sin-Tai i 17. Ta-Wen-Kou AAO 

Tsing-Chou-Fu NE 19. Tsing-Lung-Shan #f Ail 

Wang-Chuang Fat 21, Yen-Chuang BUIE 

Yen-Tsy-Yai HEF HB 

Shensi PRGA 

Ch’ou-P’ing-Hsien #78 R 

Shansi Wa 4 

Fang-Lan-Chen DF IE 25. Ting-Hsiang-Hsien £HE 

Tung-Yu HE (HB) 27. Yau-To’ bewi| 

Féngtien KF 

Fu-Chou pM * 99. Sha-Kuo-Tun ait 

Sai-Ma-Ki FENG 31. Ta-Ling KA 

Tschang-Hsing-Tao kis 33. Wa-Fang-Tien RAS 

Wu-Lo-Pu TYR 

(iv) 89 

* Localities which have furnished material described in this memoir. 
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Big, 1, Clonoovaptus? GageO Pid Uae. c6cces epicnayoed send stuns eed aes pee ares oe p. 

1 one stripe x 3 

Upper Cambrian, Kaolishan limestone, MKao-Li-Shan, Tai-An, 

Shantung (Coll. K. W. Hsu. Holotype, G. 8. Ch. Cat. No. 629). 

Fig. 2. Oi aetiohietes mii rena PNM i ci unicaais soxcinekononks eeudessons tragaaeie aware senses p. 

2 an impression of the trails on the under side of the rock, show- 

ing the character in relief. 

Lower Cambrian, Manto shale, Luan-Chou, Chihli (Coll. F. F. 

Mathieu. Holotype, CG. 8S. Ch. Cat. No. 680). 

His Ge: ions Veet onan, Ween Us: carga riveoths sane dete eee cce mann venues eaumnmbeauaseuderee Dp. 

3a exterior of the ventral valve x 3 

3b counter-part of the same x 3 

3c portion of the surface character 8 times enlarged. 

Cambrian, from purple shale of Luan-Chou, Chihli (Coll. F. F. 

Mathieu. Holotype, G. 8. Ch, Cat. No. 631). 

Wins al. “Obales gollisopeneie WaleGul (7) ievcversnpuutu sau esssiverceun @iesweiunorye dePineennres p. 

4a crushed valve x + = 4b crushed valve of another individual x 4 

Early Upper Cambrian, Changshan Shale, Jen-Chuang, Luan-Hsien, 

Chihli (Coll. A. W. Grabau, F. F. Mathieu, G. 8. Ch. Cat. No. 632 a, b). 

Fig 5s., boas Tames TAU 55 acnicoswercose seed hveas bed ala esoameapeumeneenthabatasainapsands p. 

5 exterior of ventral valve x 6 

Lower Cambrian, Manto shale, Hung-Shan-T’ou, Lin-Yu-Hsien, 

Chihli (Coll. University Expedition. Holotype, G. 8. Ch. Cat. No. 633). 

PUT Gs, AUR eres SS “es 2's ee sac noo tw ee eens anh evan eas Somcsauan ena p. 

6a one portion of limestone with several individuals of this species, 

natural size (Paratypes and Holotype). 

6b one valve enlarged x 5. (Holotype). 

Upper Cambrian, Kaolishan limestone, Kao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. Sun. Cotype, G. 8. Ch. Cat. No. 634). 

Hig ts, “Deis sie AL, 5 ccna dene eo kenwaecnnnacaeterisbareavanceedsnnuses ove p 

PLATE I. 

Cambrian Brachiopoda ete. from North China. Drawings by K. C. Liu (21366) 

9 7a exterior of a ventral valve x 3 

7b exterior of another valve x 3 

7c exterior of the crushed ventral valve x 3 

Upper Cambrian, Fengshan limestone, Yeh-Li, Luan-Hsien, Chihli 

(Coll. H. C. Tan, Cotypes, G. §. Ch. Cat. Nos. 635, 636, 637). 

15 

16 

if 

17 

19 

rae 
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ee IB. Tomer e ie HOT ING UNM rota iien co ssisetiagme nd casings may ex oepmuws Weabaeae in graeuen eae) p. 

8a exterior of the shell from Luan-Chou x 3 (Holotype). 

8b exterior of the shell from Yeh-Li x 3 (Paratype). 

8c portion of the shell of Fig. 8a enlarged x 8, showing its undulating 
growth lines. 

Upper Cambrian, from Féngshan limestone (Coll. F. F. Mathieu 

and Y. ©. Sun. G. 8. Ch. Cat. Nos. 638, 639.). 

TE i Li Lae OE 5 ares it ncaa h dat abba eh sso Na sheahentican ae’ wt Se a ea p. 

9a exterior of a ventral? valvex6; 9b exterior of a dorsal? valve x 6 

9¢ exterior of another ventral? valve x 6 

Cambrian from purple shale of Luan-Chou, Chihli (Coll. F. F 

Mathieu. Cotypes, G. 8. Ch. Cat. Nos. 640, 641, 642.). 

Hig 10): Dagens, dousers Cra Massacre, « cevapruidbencuaniade ves Wieaieeccudeanios p. 

10a exterior of a characteristic shell x 8 
10b exterior of a slightly larger shell x 8 

10c exterior of an imperfect shell x 3 

Upper Cambrian, Féngshan limestone, Yeh-Li, Chihli (Coll. H. C. 

T’an. Cotypes, G. S. Ch. Cat. Nos. 648, 644, 645.). 

|v aged Ie: grote Acer ete) cs ee ee nce ee ete rhe arte acer en AMA PO NT eon tr p. 

11a external mold of a crushed valve x 2 

11b an imperfect crushed valve x 2 (the figure is drawn somewhat 

too narrow). 

Late Lower Cambrian, from Manto Shale, Chéng-Shan, Luan-Hsien, 

Chihli (Coll. 8. Chen. Cotypes G. 8. Ch. Cat. Nos. 646, 647.). 

Pig. ee Asset: AOYOSERAG BOT neice vou cavewer sr nonenevtetndses edeersenaraiaederendanes ee evess p. 

12 exterior of the brachial valve x 38 

Middle Cambrian, from Changhia limestone, Chéng-Shan, Luan- 

Hsien, Chihli (Coll. K. 8. Hsu. Holotype, G. 8. Ch. Cat. No. 648 ). 

Figs 1a: Jegarinds Sian ents Sly ike gcacessennstorneouienc ORs aes eee eas snovaseseatanied: p. 

13a exterior of a pedicle valve x 25 

13b interior of another pedicle valve x 2 

Upper Cambrian, from Shakuotun limestone, Chin-Hsi-Hsien, 

Féngtien (Coll. J. G. Andersson. Cotypes, G. 8. Ch. Cat. Nos. 649, 650.). 

Hig, 1a, Soares OPIN WalOGthi sy wekeeesiccaeecsa veratrine neeeth sta sn ae esa aan eerste ioe p. 

14a exterior of the pedicle valve x 5 

14b interior of the pedicle valve x 3 

Upper Cambrian, Kaolishan limestone, Kao-Li-Shan, Tai-An, Shan- 

Tung (Coll. Y. C. Sun. Plesiotypes G. 5. Ch. Cat. Nos, 651, 652.). 

20 

yal 

23 

23 
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Fig. 1. 

Pag. 2 

Fig. 3. 

al) 

PLATHOIL 

Cumbrian Trilobites from North China. Drawings by K. C. Liu (#)768K) 

AGnosiis cyolopyyeforimirs SUD. i civsuaiinssdetistaorooaiuad saya saupedws aucunponeben eds p. 26 

la cephalon x 4 1b cephalon x 4 

i¢ 5 x 4 id x9 

le pygidium x 8 1f pygidium x 5 

1 ge x 5 ie 3 x 5 

Upper Cambrian, Kaolishan formation, Kao-Li-Shan, Tai-An, Shan- 

tung (Coll, Y. C. Sun. Cotypes, (4 S. Ch. Cat. Nos. 501, 592, 508, 504, 

507, 508, 509, 510.), 

Se US TDS TEIN acca paral ashalbananna he dag ua eit Tanne sana aca in ee neat as Ae: Ds 28 

2a-b cephala x 8 

2e-d_ pygidia x 6, Upper Cambrian, Changshan forniation, 

Jén-Chuang, Luan-Hsien, Chihli (Coll, A. W. Grabau, F. F. Mathieu and 

Y. C. Sun, Cotypes, G. 8. Ch. Cat. Nos. 518, 514, 515, 516.). 

Pry mae eoaheno pent ames .44-« sppanus aiuhenn na vues sade cunedeenes piers vateedawwas p. 

3a cranidium of granulated surface x 2 

3b cranidium of granulated surface x 14 

3c pygidium with very cylindrical axis x 2 

9 3d pygidium with very cylindrical axis x 8 

Middle Cambrian, Changhia limestone, Chéng-Shan, Chao-Kou- 

Chuang, Chihli (Coll. K. S. Hsu #9688 G. 8. Ch. Cat. Nos. 517, 538, 519, 

520.). 

29 

Hig. 4, Wendsiiom subaon cet Fn eesayais 4s va sann dedbnnwnseyervbsnikeedewarisieavalede oousk p. 31 

Fig. 5. 

-t fragmentary cranidium x 7 

Middle Cambrian, Kushan formation, Lin-Cheng, Chihli (Coll. Y. T. 
Chao & C. C, Tien. Holotype, G. 8. Ch. Cat. No. 521.), 

Blephanocaré richthofena MOM occssi14 sce nccouue ienuxenss eaeeedei id iadecuameaeeee, p. 

5a cranidium x 3 

5b associated hypostoma x 5 

5¢ small pygidium x 5 

Middle Cambrian, Kushan formation, Lin-Cheng, Chihli (Cell. ¥, T, 
Chao & C, C. Tien, G. 8. Ch. Cat. No. 522.). 
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Fig. 6. Blackwelderia sinensis var. linchengensis Sun..........cccccc 0 cccccecsuceeeeues ipo BB a ie 

6a fragmentary cranidium x 2 

6b associated pygidium probably of this species x 3 

6c cranidium x 2 6d cranidium x 2 

Middle Cambrian, Kushan formation, Lin-Cheng, Chihli (Coll. Y. 

T. Chao & C. C. Tien. Cotypes, G. 8. Ch. Cat, Nos. 523 a-b 524, 525). 

Fig. 7. Blackwelderia tient Sun. ...........; Seip iis area qars iouwoen yooh 0d Ena neaenn GeEL p. 36 

7a fragmentary cranidium x 2 

Tb associated free cheek x 2 

7c associated pygidium x 2 

Middle Cambrian, Kushan formation, Lin-Cheng, Chihli (Holotype 

G. 8. Ch. Cat. No. 526.). 

Tig Op; UR AM CLO GINS UN visas sse sa dosn ania Piss cans Ronanecaynis saad ceamepoaniwrneeens px df 

8a large pygidium, natural size. 

Late Middle Cambrian, Kushan formation, Ku-Shan, Shantung. 

(Coll, C. G, Tien & ¥. T. Chao, Holotype, G.'S, Ch. Cat. No, 527. ). 

Fig. &, Daareselia blackweldier? vary WGHOr BON psnccccn Ga rccee nach ocemesdracarndeadgppownnies p. 38 

9a cranidium x 4 9b cranidium x 6 

Middle Cambrian, Changhia limestone, Chéng-Shan, Chihli (Coll. 

K. S. Hsu. Cotypes G. 8. Ch. Cat. Nos. 528, 529.). 

9¢ (D. blackweldert) Natural size, for comparison, Kushan form- 

ation of Shantung. Cat. No. 530.) 

Bie, 1). PRCA FOR Gy PU aes iariebimiacnasershcgorsnieniaiesinalaraawomemenentae p. 40 

10a cranidium Xx 3 10b cranidium x 3 

Late Lower Cambrian, Manto formation, Chéng-Shan, Chihli 

(Goll. Y. C. Sun & S. 8S. Yoh. Cotypes, G. 8. Ch. Cat, Nos, 531, 532.). 

Fig. 11. Ptychoparia leichwangensis SU.......ccccccccccecceeseseneeeee eset eusea sence esea seas p. 41 

{ia cranidium x 10 11b cranidium x 8 

Late Lower Cambrian, Manto Shale, Lei-Chuang, Luan-Chou (Coll. 

F. F. Mathieu. Cotypes, G. S. Ch. Cat, No. 533, 534.). 

Fig. 12. Ptychoparia yoht Sun..........cc ccc cee ee ee en renee icnntes p. 42 

12 cranidium x 3 

Late Lower Cambrian, Manto Shale, Chéng-Shan, Chao-Kou- 

Chuang, Chihli (Coll. Y. ©, Sun. Holotype, G. 8. Ch. Cat, No. 535. ). 

ae 
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PLATE III. 

Cambrian Trilobites from North China. Drawings by K. C. Liw (466%) 

Fig. 1. Ptychopuria (Emmerichella) chengshanensis Sun............ceecceeeeneeneeeeeeeees p. 43 

la cranidium x + Jb cranidium xX 8 

Late Lower Cambrian, Manto shale, Chéng-Shan, Chao-Kou-Chuang, 

Chihli (Coll. Y. C. Sun. Cotypes G. 8. Ch. Cat. Nos. 536, 537.). 

ie SCN ate UI eassceatlae Riess Oise ears case ent ie cael persicae Go: p. 45 

A. Graniiliiim x 2b cranidium x 

Ye ecranidium x 2d eranidium x 

3 

3 

2e hypostoma x 2f pygidium x 4 

3 

is) 21 pygidium x 2) free cheek x 

2 

3 

3 

2¢ pygidium x 4 “2h pygidium x 

Oo 

2k free cheek x 2 

Early Upper Cambrian, Changshan Shale, Jén-Chuang, Chao-Kou- 

Chuang, Chihli (Coll. \.W. Grabau. F. F. Mathieu & Y. C. Sun. Cotypes. 

G. 5. Ch. Gat. Nos. 538, 539, 540, 541, 542, 543, 544, 545, 546, 547, 548.). 

Big. 8. Changsleny ig? Teigmertit PU incdivny sous ax vdesda es coneawebegn sii vasass neaees a ouiees p. 46 

3 eranidium x 8 

Early Upper Cambrian, Changshan shale, Jén-Chuang, Chao-Kou- 

Chuang, Chibli (Coll. A. W. Grabau. Holotype, (+. 8. Ch. Cat. No. 544.). 

Fig. 4. -Comolepived am Pegangeyng Rats 22 cotace veka ec ees eed uagauubasigausadimes de aa cates p. 47 

4a cranidium x 3 

+h one fragmentary segment of thorax x 5 

Late Lower Cambrian, Manto shale, Chéng-Shan, Chao-Kou- 

Chuang, Chihli (Coll. H. T. Yu. Holotypes, G. 8. Ch. Cat. Nos. 550, 551.). 
Ue, 2, COMED IN LIN WeIMnNls NIN: cacscu cia ayaqueeeeiwoua sande cadena adhiidacsaaedheecece p. 48 

5a fragmentary cranidium x 3 (Paratype) 

5h eranidium x 2 (Holotype) 

oc fragmentary cranidium x 2 (Paratype) 

Late lower cambrian, Manto shale, Chéng-Shan, Chao-Kuo-Chuang, 

Chihli (Coll. H. T. Yu, fa G. 8. Ch. Cat. Nos. 552, 553, 554.). 
TE AROS aus cnn pang waa va he tamonntdy totam ye die Oba e et vie Sae Neha ee akties p. 49 

G pygidium x 4, 

Middle Cambrian, Changhia limestone, Chéng-Shan, Chao-Kou- 

Chuang, Chihli (Coll. K. 8. Hsu, G. 8. Ch. Cat No. 555.), 

= 100. 
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Big 7. Mamaia avioate (Graben) Pu toyccwsscsewasserenyxaacecen sessseaweadgeadieesvccdaas p. 50 

7a cranidium x 2 Tbh cranidium x 2 

Te cranidium x 2 7d cranidium x 2 

Tf pygidium xX 2 | Tg pygidium x 2 

7h pygidium x 2 

Late Upper Cambrian, Kaolishan formation, Kao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. Sun. Cotypes GS. Ch. Cat. Nos. 556, 557, 558, 

559, 560, 561, 562.). 

7i weathered pygidium x 2 

7j weathered pygidium x 2 

Late Upper Cambrian, Féngshan limestone, Yeh-li, Ma-Chia-Kou, 

Chihli (Coll. H. C. Tan. Types of Ceratopyqe orientalis Grabau, G. 8. Ch. 

Cat. Nos. 563, 564.). 

Highs... A Caolosaminnd paypsiepmed. Stil .6.g.acecymadeduasencasabadanssie Sas hyoun | emenanaeawenesekoun p. 53 

8a cranidium x 2 8b fragmentary cranidium x 2 

8c free cheek x 2 8d free cheek x 2 

8e pygidium x 2 Sf pygidium x 2 

8g pygidium x 2 Sh pygidium x 2 

Upper Cambrian, Kaolishan limestone, Kao-Li-Shan, Tai-an, Shan- 

Tung (Coll. Y. C. Sun & Class 1928, N. U. P. Cotypes, G. 5. Ch. Cat. Nos. 

565, 566, 567, 568, 569, 570, 571, 572.). 

== 101 = 
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Fig. 1. 

Fig. 

Fig. 3. 

Fig. 4. 

Fig. 6. 

bo 

PoATHR 1. 

Cambrian Trilobites from North China. Drawings bu KC. Lin (2s6 a) 

Lassa? hameclirachncrmgens SU. 55 aka sks Shana ot sdace seesae reemeimen vey ee tees eae ee p. 

Ja cranidium x 3 1b cranidium x 5 

Middle Cambrian, Changhia limestone, Chéng-Shan, Chao-Kou- 

Chuang, Chihli (Coll. K. 8. Hsu. Cotypes G. 8. Ch. Cat. Nos. 573, 574.). 

54 

ASNT DOLCE SOU ¢ ca ceciacica a iaehncdeds tani etande inven beeed panes aseeen tena e aR eas p. 55 

9a eranidium x 6 2b cranidium x 

Middle Cambrian, Changliia limestone, Chéng-Shan, Chao-Kuo- 

Chuang, Chihli (Coll. Kk. 8. Hsu. Cotypes G. S. Ch. Cat. Nos. 575, 576). 

Dae ler “MOOS OM noose cssceacveevercanxsmetebsmen ten va sencese a wedweseed vas daead p. 56 

3a cranidium x 2 (Holotype) 3b cranidium x 3 (Paratype) 

Middle Cambrian, Changhia limestone, Chao-Kou-Chuang, Luan- 

Hsien, Chibli (Coll. C. C. Yu #@#®, G.S. Ch. Cat. Nos. 577, 578.). 

CU aa RRR PA: My MMOS os cc yakaapacg ct ed la he gh Seles pp and cam aaegn Co beala ye nee p. 35 

da cranidium x 2 4b) cranidium x 3 de cranidium x 3 

dd cranidium x 8 4e hypostoma x 2 

Upper Cambrian, Kaolishan formation, Kao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. Sun and class 1923 of N. U. P. Cat. Nos. 579, 580, 

Bel, 92, Sea. ). 

GMA: UN ETCNS: TUN co 5424085 oohoendannadudactonsyssncags Bese aed Ga at Pane cial p. 60 

na cranidium, natural size Sb cranidium x 2 Se eranidium x 2 

hd free cheeks, natural size He free cheeks, natural size 

Df free cheeks x 2 5y fragmentary pygidium, natural size. 

Upper Cambrian, from upper limestone of Chau-Mi-Tien, Shantung 

(Coll. Chass 1925 of N. U. T.. Cotypes. G. 5. Ch. Cat. Nos. 584. 585, 586, 

587, 588, 589, 590.). 

 Peaicliter eunlichs: seCRier etd SN 2d ccceaaeessieen adds sapwmoeeknbhs WERNG aa ededdGla a koolox p. 63 

6a cranidium x 2 6b cranidium x 2 

6e cranidiuin x 2 6d associated cheek, natural ste. 

Uppermost Cambrian, Kaolishan formation, Kao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. sun, Cotypes, G. =. Ch. Cat. Nos. 591, 592, 598, 

Bod). 

== 10S A= 
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ig. Te “Quanemersinss Coke res PUN, cuizceavswrieuay-weccstneiuneneee agers p. 63 

7 fragmentary cranidium x 2 

Uppermost Cambrian, Kaolishan formation, IKao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. Sun. Holotype, G. S. Ch. Cat. No. 595.). 

gee: PCS e CRI) MOT RDS PN s dnaee 2 na eadidenea WN atv edsnaus ¥=xb yates ep ea neans p. 64 

8a broken cranidium x 3 Sb broken cranidium x 2 

8c broken cranidium x 14 8d associated hypostoma x 3 

8e associated free cheek x 3 Sf associated pygidium x 35 

Upper Cambrian, Shakuotun limestone, Sha-Kuo-Tun, Chin-Hsi- 

Hsien, Féngtien (Coll. J. G. Andersson. Cotypes G. 3. Ch, Cat. Nos. 596, 

597, 098, 599, G00, GOL. ). 
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PLATE V. 

Cambriun Trilobites from North China, Drawings by K. C. Liw (BIG) 

Pie, 1, Pichaspis augulate ‘war, Cara SU ws coasessdicasasoweseseeepsspese ee OO p. 67 

la cranidium X 38 1h cranidium x 3 

Uppermost Cambrian, Kaolishan formation, Wao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. Sun. Cotypes, G. S. Ch. Cat. Nos. 602, 603.). 

Hie. 2... Ghee mine Gh: AVA: cs ene. carenedpssden u2phseandagede GaTomnmnne geese tee p. 68 

2 weathered cranidium x 2 

Upper Cambrian, Shakuotun limestone, Sha-‘Cuo-Tun Chin-Hsi- 

Hsien, Féngtien (G. S. Ch. Cat. No. 604. Collected by Dr. J. Cr, Andersson). 

Fig, 8.  Prchasins sbglobdse: (baw sacsscaca yin iecng-<degasensedanssea -cnevaaseeessaecpesssaracs p» 72 

3a weathered cranidium, natural size (Holotype). 

Upper Cambrian from Féngshan limestone, Yeh-Li, Chihli (Coll. 

HG, "Tan, GS, Oh. Cat, No. GH3.). 

‘ly cranidium x 14 se cranidium x 3 3d cranidium x 3 

Upper Cambrian, Kaolishan formation, WKao-Li-Shan, Tai-An, 

Chibli (Coll. Y. C. Sun, Plesiotypes G. 8. Ch. Cat. Nos. 606, 607, 608. ). 

Sa. LPO eae TS pallens cacieng52oa tient axegan wana aceyamy slur gadeeeaesseeavimmunn We p 75 

4a crushed cranidium x 2 -) associated free cheek x 3 

Uper Cambrian, Féngshan formation, Féng-Shan, Yeh-Li, Chihli 

(Coll, H. C. T’an, Holotype €+. S. Ch. Cat. Nos, 609.). 

Fig. 5. Plychuspis acantis vars pitwwoladt SW ccs cscs sss can cdeeccncseavvadadentvecvvenesss p. 76 

5a crushed cranidium x 2 5b crushed eranidium x 2 

ne erushed cranidium x 2 od crushed eranidium x 2 

Upper Cambrian, from the Upper limestone of Chau-Mi-Tien, Shan- 
tung (Coll. National University Kxcursion, Cotypes, G. S. Ch. Cat. Nos. 

610, O11, 612, G15, G14, ), 

Wig. 6 Phychaspe (Anderssonta) tant Suits yessaiecscksssassacedcasssciaidimmcaiacecosawecsec p. 79 

G cranidium x 5 

Upper Cambrian, from the highest zone of Chau-Mi-Tien. (Collected 
by National University Excursion. Holotype, G. 8. Ch. Cat, No. G15. ie 

Fig. 7. Ptychaspis (Anderssonia) féngtienensis SUn........ 00. cccecccccccccccceeeececcccecen. p. 78 
ja cranidium x 4 7b cranidium x 8 7c associated pygidium x 6 
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Upper Cambrian, Shakuotun limestone, Sha-Kuo-Tun, Chin-Hsi- 

Hsien, Féngtien (Coll. J. G. Andersson. Cotypes, G. S. Ch. Cat. Nos. 616, 

617, 618.). 

1, Gy, Aen Tare WACO lia y cs Sass ashe eden yccavnwdanadsavyarectdddnaaneidawteereetace p. 80 

Sa cranidium x 4 8b cranidium Xx 4 

8c pygidium x 4 8d pygidium x 4 

Middle Cambrian, Changhia limestone, Chéng-Shan, Chao-Kuo- 

Chuang, Chihli (Coll. K. S. Hsu. G. S. Ch. Cat. Nos. 619, 620, 621, 622.). 

 D. Dameomennmus Geos WV ALGGUb: sc5 masdinssdy io usa ionckasaysavacin teenie andi eawiee p. 81 

9, cranidium x 2 

Middle Cambrian, Changhia limestone, Kwang-Hsi-Ying PApGeS 

Juan-Chou, Chihli (Coll, J. G. Andersson, G. 8.Ch, Cat. No. 623.). 

pl es. NPS FOE Ula casa a ats ae Vice nge aca nemietan ess adiue tacuheaedaseemsesaunnde p: 82 

2 > 10a pygidium x 3 10b pygidium x 3 10c pygidium x 3 

Upper Cambrian, Kaolishan formation, Kao-Li-Shan, Tai-An, 

Shantung (Coll. Y. C. Sun. Cotypes G. 8. Ch. Cat. Nos. 624, 525, 626.). 

ie 1. See GPR Dass iaesesechsssnet eran Rea eens p. 84 

9 

11 cranidium xX 14 

Upper Cambrian, Kaolishan limestone, Kao-Li-Shan, Tai-An, Shan- 

tung (Coll. Y. C. Sun. Holotype, G. 8. Ch. Cat. No. 627.). 

Se ae arate ENG scevny aa oneeamcdeetadantacunsgddiors coi Sucatadtedmenny sn deanane p. 85 

12a cranidium x 7 (Holotype, G. 8. Ch. Cat. No. 6282). 

12b associated cranidium * 8 (Paratype, G. 8. Ch. Cat. No. 628b). 

Late middle Cambrian, Kushan formation, Lin-Cheng, Chihli 

(Coll, Y. T. Chao and C, C. Tien.). 
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ERRATA. 

Page 8 line 34 for Dolinometopus read Dolichometopus 

Page 12 line 4 for Brachipoda read Brachiopoda 

Page 12 line 7 add side heading Trilobita 

Page 18 line 24 add (Anderssonia) after Ptychaspis 

Page 14 line 24 for chinhsihsiensis read chinhsiensis 

Page 16 line 21 for 8 read 5 

Page 23 line 23 for middle read Lower 

Page 23 line 23 for Changshan read Manto 

Page 27 line 5 for furrow read furrows 

Page 27 line 29-31 for length read width 

Page 33 line 8 for deviding read dividing 

Page 37 line {9 for length read width 

Page 44 line 32 for two-third read two-thirds 

Page 48 line 25 for Shantung read Chihli 

Page 49 line 19 for 6a, Gb, Ge, read 5a, 5b, 5e. 

Page 50 line 19 add (sp.nov.) after sun 

Page 56 line 11 for wider read narrower 

Page 57 line 28 for dupwar read downward 

Page 59 line 24 for palpebra read palpebral 

Page 68 line 32 for 2a read 2 

Page 74 line 9 for IXoai] read IXaoli 

Page 82 line 20 for pecies read species 

Page 82 line 21 for snew read new 

Page 54 line 9 for one read two 

Page 92 line 8 add natural nize after relief 
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