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HIMALAYAN FOSSILS. 

UPPER-TRIASSIC AND LIASSIC FAUN& OF THE EXOTIC BLOCKS OF 
MALLA JOHAR IN THE BHOT MAHALS OF KUMAON. 

(COLLECTIONB MADE BY THE GEOLOGICAL SURVEY OF INDIA I N  TEIE YEAR 1900.) 

BY 

CARL DIENER, PH.D. 

PROFE~SOR OF PALBONTOLOGIY AT THE UNIVERSITY OF VIENNA. 

INTRODUCTION. 

The following deaoriptions of fossils are based upon the rich collections ga&er- 
ed by the late Dr. A. von Krafft during hie survey of the frontier district between 
Hnndes and Malla Johar in the year 1900. T h y  represent, for the moat part, 
oompletely new material. 

During the expedition of 1892, in which Griesbach, Middlemias, and myself 
took p r t ,  a single fossiliferous blook of red limestone was discovered near Sangcha 
Talla enoamping-ground, at the head of the Kiogarh river. It yielded some frag- 
ments of Jovites ma. sp. ex ay. J. boenends, which, according to E. v. Mojsiaovics 
(Palseont, Ind. ser. XV, Himtilayan Fossils, Vol. 111, Pt. 1, p. 18), proved the block 
to belong to the carnic stage of the upper tria . In 1900 Dr. A. v. Krafft made an 
exhaustive study of the exotic blocks in the neighbourhood of the Balchdhura. He 
found the upper flysch and the basic igneous rocks of the district to abound with 
exotic blocks, some of which yielded a large number of well-preserved fossile. 

m e  geological results of this survey have been summarized by A. v. Krafft in 
a very interesting paper, forming Vol. XXXII, Pt. 3, of the Memoirs of the Geolo- 
gical Survey of India (Calcutta, 1902). The majority of fossiliferous blooks dis- 
covered were of permian age. They have been marked on the map accompanying 
Dr. v. Krafft'amemoir ME. R. Nos. 9, 11, 12, 13,15, 18, 19. The rich fauna of 
block No. 9 has been demribed in my memoir on the permian fossils from the 
Central Himaayas (Palaeont. Ind. ser. XV, Vol. I, Pt. 6, pp. 62-100). 
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Besides this considerable number of exotio blocks oE permian age, some fossil- 
iferous blocks containing triassic and liassio fauna have been recorded by A, V. 
Krafft. Evidenoe has been obtained of the representation of the following atrati- 
graphical horizons : - 

1. Zower Trias ( E .  B. No. 20 on map). A large block of a dark red, earthy 
limestone, thin bedded, with Dasawbitee nivalis Dien., Flemingitee ep., Meekoceras 
8p., probably l~omotaxial with the Hedenstraemia beds of the main region of the 
Himtilayas. 

2. Lower Muechelknlk, doubtful, some badly-preserved Ammonites in a loose 
block (Procladiecitee cf Yasoda Dien. ?) pointing to the fauna of the Middlemiss 
crag in the Chitichun area. 

3. Ludinic or lower cawic  stage ( E .  B. No. 1). A dark red, very ferrugi- 
neous limestone yielded a few speoimens of Daonella i ~ d i c a  Bittn. 

4. Upper carnic stage (E. B. No. 2). From a bright red marine marble like 
that of the Hallstatt beds, about 1 mile to the north-west of the Balchdhura pass, a 
very large collection of Ammonites mas obtained, most of them closely related to 
species characteristio of the zone of Tropitee subbzcllatue. The following list of 
fossils, based on a cursory examination of the materials from this block, is given by 
A. v. Krafft on p. 143 of his memoir :- 

Cladiseiles subarat lls hlojs. 
Yhylloceras Xbneri Alojs. 
Juvaoites (Grieabachn'tes) Medleyantrs Stol. 
8~ceete.s div.  sp. 
Jove'tea sp. ex  af. &osltensia Mojs. 
Placites sp. ind .  
fiopites sp. a$. ssrbbullatt~s Hauer. 

,, sp. a$. acutangtctua Mojs. 
,, sp. a$. BartAi Mojs. 
,, sp. a$. spinoa~is Jlojs. 

l v a u t i l ~ ~ s  81). ind.  

6.  Uacheteknkalk ( E .  B. No. 8). No fossils. 
6. Zower Zias ( E .  B. Nos. 4, 6, 7, 16, 17). I n  a very earthy, brick red, thin- 

bedded, nodular limestone several species of drict i tee and Phyllocerae have been 
found. In  preservation they are exactly ident eal with the Lias of Adneth near 
Salzburg in the Eastern Alps. 

The fauna? representing the three horizons, 3, 4, 6, l~ave been submitted to me 
for examination. They are of particular interest. The Subbullatus fauna from 
exotio block No. 2 is the first upper-triassio fauna obtained from a facies iden- 
tioall with the famous Hallstatt limestone of Anst.ria, and differing considerably 
from what is seen in the main region of the sedimentary belt of the Central Him& 
laym. The liassio fossils from exotic blocks Nos. 16 and 1 7  are the first as yet 
reoorded from India. 



UPPER-TRIASSIC AND LIASSIC E'AUNB, 8 

I.-FOSSILS PROM EXOTIC BLOCK NO. 1 (BALCHDHURA HEIGETS), 

The fossil materials from this blook available for examination are extremely 
scanty, consisting of two fairly well-preserved casts of Daonetku isdica Bittn. and: 
of the fragment of a Balobia. 

DAONELLA INUIOA Bittner. PI. VIII, fig. 1. 

1899. Daonella indica Bittner, Himiilayan Fora Paloeontologicr Ind. ear. XV, Vol. 111, Pt. 2, p. 39, PI. 
VII, figs. 4-11. 

1900. Daonella indiea A. v. KmEt, General Report, Ged. Sorv. of India, for 1899-1900, p. 208. 
1903. Daorella indica A. v. KraBt, l e m . ,  Qeol. Sorv. of India, IXXII ,  Pt. 3, p. 148. 
1907. Daonella indica Diener, Him61. Fosrr. 1. c. Vol. V, Pt. 3, P1.111, figs. 6, ?, lo ,  

The specimen illustrated-a right valve with fairly well-preserved soulpture- 
agrees in all its characters with the types of this speoies, which have been figured 
by A. Bittner. I t  is of very large size and scarcely inferior in its dimensions to 
any of the examples known from the Central HimAlayse of Painkhainda and Spiti. 
I ts  exact measurements cannot be given, the outlines of the shell being but partly 
accessible to examination. 

There is no anterior ear developed, but the radial ribbing reacl~ea the hinge- 
margin on either side of the apex almost in full strength. In ncaordance with the 
large size of the specimen the majority of secondary ribs are subdivided in tbe 
vicinity of the margins, especially so in the middle of the shell. 

The ribbing is very regular, being charaoterized by the almost uniformly 
bipartite structure of ribs and furrows. 

HALOBILL sp. ind. P1. VIII, fig. 1. 

Together with the illustrated speoimen of D m e l l a  irzdica a fragmentary cast 
has been noticed, showing an unmistakable anterior ear, which lias probably been 
flat and narrow. The ribs are very delicate and undulating, but are curved back- 
ward in the middle of the height of the valve. They begin near the umbo, but are 
rather distant and exhibit a bundle-like arrangement, wbioh is due to a very regular- 
intermlation of new ribs of a second and third order. The wrinkles of growth are 
closer set and stronger than the majority of  rib^. 

Among European species it is probably the group of Halobb rareatriata Mojs. 
to which the present form is most nearly allied, but its preservation is not suf3ciently 
perfect to justify a specific determination. 

CONCLUSIONS. 

Ae has been remarked by A. v. Kmfft, no definite age can be assigned to the 
limestone of exotic block No. 1 with Daonella indhc1. I n  the Him6layas th 
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speoies is not oonfined to a distinct stratigraphical horizon, as had been sug@;wted 
by Bittner, but is of comparatively wide stratigraphical distribution, ranging 
throughout the ladinio into the lower oarnic stage. I n  Painkhsnda i t  has its main 
layer in the bed with Notella E i n g i  and Norella tibetica, immediately overlying 
the Traumatoorinus limestone of lower carnic age, but it has also been discover.4 by 
A. v. Krafft in the thin-bedded limestone series separating the Traumatoorinus beds 
from the main layer of Ptychites rugifer. In the Cephalopoda-bearing limestone 
near the Ralphu glacier (Lissar valley) it is assooiated with a fauna of Ammonites 
which is certainly older than that of the 'L'raumatocrinus limestone. I n  Spiti it 
oocurs both in the Daonella limestone and in the Daonella shales, where it is asso- 
ciated with Daonella Lcmmeli, Protrachyceratr Archetaus, and numerous speoiee 
oharacteristic of the ladinic stage. 

Exotio block No. 1 may therefore represent either the ladinic or lower 
oarnio stage. The presenoe of a true Halobia is rather in favour of the latter 
alternative. 

11.-FAUNA OF EXOTIO BLOCK NO. 2 (BALCHDHURA HEIGHTS, 
ABOUT 18,000 PEET). 

Among all mesozoio f a u m  from the exotio blocks of Malh Johar this is by far 
the riohest and best preserved. The speoimens are in preservation exactly identi- 
oal with tliose from the Hallstatt marble of the Roethelstein near Aussee and they 
are of ten provided with their test. 

LAMELLIBRANCHIATA. 

The materials colleoted by A. v. Krafft are so scanty and so imperfectly 
preserved that it is impossible to venture on a speoifio identifioation of the single 
valves, none of them allowing an observation of any characters of generic impor- 
tance. Another reason which renders the fragmentary examples lying before me 
unfit for determination is the incomplete state of our knowledge of the Lamelli- 
branchiata of the Hallstatt limestone, Daonella, Halobia, and perhaps Monotis, 
being the only genera of the class which have been treated thoroughly by previous 
authors. 'I'here is only one single specimen admitting of a speoial description, 
although a more minute investigation into its relationship is impracticable on 
aocount of its incomplete state of preservation. 

CASSIANELLA sp. ind, P1. VIII, fig. 6. 

A cast of a left valve of large size deserves r~~entioning on acoount of its simi- 
laxity with Alpine representatives of the genus Oassianella. 

It is considerably inflated, of nearly equal length and height. The central 
infiation of the valve exhibits a saddle-like depression in the middle, which is, 
however, but faintly marked and extends from the umbonal region to the ventral 
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margin. The strongly vaulted posterior wing is separated from the oentral portion 
of the oasf by a, sharp incision. Otherwise there ia no interruption to the regularity 
of the posterior slope. 

The anterior wing has, unfortunately, not been preserved. But two slight 
keel&ke ribs are recognized along the anterior slope of the umbo. These am the 
only radial ribs, otherwise the sculpture of the shell, whioh has been partly pre- 
served, consists of numerous and delioate concentric lines of growth. The beak is 
strongly inourved and with its apex shifted anteriorly. It projeots above a flat 
area, of moderate width, whose lower borders are not distinctly known. 

That this speoimen belongs really to the genus Casuianella, is very probable 
but not certain. The sbpe  of tho beak, the presence of an area, the plug-shaped 
incision in tlie posterior margin, and the anterior radial ribs are all structurm 
oharaoteristio of the genus Cassianella. But the entire absence of an anterior wing 
and of any oharacters of the hinge leaves a shade of doubt about our determination. 

--- - . / - - -  

Gen. : LOXONEMA Phill. 

LOXONEYA (POLYQ~RINA) of. ELEQANB Hoernes. PI. I, fig. 6. 

1836, Lozonema eleganr Homer, Gastropoden nnd Aoephalen der Hallrtaetter Sohichten, Denheohr. Kaie. 
Akad. d. Wisssnmh. Wien, LX, p. 86, Taf. I, fig. 2. 

1897. Loxonerna (Pdygirina) elegana KO ken, (3nrtropoden dtr Trims urn Hallstatt, Abhandl. K. K. Oeol. 
Rebh~net .  XVII, p. 94, Taf. XV, figs. 6,7, 18. 

Only one fragmentary specimen, consisting of the last whorl and two coils of 
the spire, are contained in A. v. Krafft's collections. Notwithstanding the absence 
.of its apiual portion it is more oomplete than the majority of the Alpino examples 
described by Hoernes and Koken, the typioal shape of this species being only known 
from a combination of several fragmentary specimens. 

My speoimen agrees entirely with equal-~ized fragments of &zonema etegam 
from the Hallstatt limestone of Aussee. It is turreted and provided with high 
whorls, which are slightly convex and distinotly impressed along the suture. 
Their greatest transve~.se diameter i a  situated considerably below the middle of their 
height. 

The aperture has not been entirely preserved, but the presence of a small canal 
at the posterior border is distinctly marked. 

The shell, which has been partly preserved, i~ covered with delioate, falciform 
kmnsverse strise of growth. Spiral wrinkles are :bintly developed. 

Bmcark8.-.&oxonema elegaozs is of little stra tigraphioal value, ranging from 
the carnie into the noric stage. 



Gen. : SAGANA Koken. 

SAGIANA cf. GEOMETRICA Koken. P1.11, fig. 3. 

1807. Gaganageonetn'ca Koken, Outropoden der T h a  urn Halbtatt, Abhandl. K. K. Oeol. Relobsanrt. 
Bd. XVII, p. 30, Taf. VI, fig. 10. 

This specie8 is represented in A. v. Krafft't', collections by a single but besuti- 
fully preserved and almost complete specimen, whioli differs from the typioal shape 
of Sagaua geometrica only by such details of ornamentation as are noticed in some 
of the intermediate forms between Sagana geometrica and S. Hoerwd Stur (Jahrb. 
K .  K. Geol. Reichsanst. 1869, p. 286j. 

The turbinate shell consists of five wl~orls, which are strongly oonvex and 
inflated, especially the last one, which is separated from the umbilicus by a distinct 
spiral edge. 

The slit band correspollds to the greatest convexity of the whorls. It is flatly 
conoave, not broader than the rest of the bands enolosed between the numerous spiral 
ridges. The slit of the aperture has been entirely preserved. It is short and round- 
ed. The numerous and sharp, closely set lunulre, which cover the slit band, 
run nearly parallel to the outlines of the apertural slit. Two ~pi ra l  keels are 
counted between the keel bordering the slit band and the suture, and eight 
bet ween the slit band and the umbilical edge. Tllus the number of spiral keels is 
smaller than in the typical Sagana geometrica, but larger than in S. Hoemesi. My 
speoirnen moreover recalls the intermediate shapes connecting the two species 
by the heig\it of its last volution, which is smaller t l~an  in Sugana geometrica. 

Of the shelly substanoe small fragment8 only are accessible to examination, 
showing the beautiful lattioe-shaped ornamentation oharacteristic of the genus 
Sagano. The transverse striae ara very close-set and sharp, but inferior in strength 
to the spiral keels. Tbe meshes, which are formed by the crocsing of transverse 
ribs and spiral edges, are considorably higher than broad. The points, where the 
spiral ridges are intersected by the transverse ribs, are not marked by any tubercles 
as is the oase in the typioal S. Hoemeei. 

The measurements of this specimen are as follows :- 

Entire length of the ~bel l  . . . . . . . . 26'6 mm. 
Greatest brmdth of the shell . . . , . . . , . 23 ,, 
Height of the last volutionnt the apertura . . . . . 1 3 ' 6 , ,  
Apioal angle . . . . . . . . . . 66' 

Remarks.-Sagana geometrica is not rare in the mmio HalJstatt limestone 
of Aussee. S. Hoerlzeei and the intermediate sbapes connecting tbe two bpecies. 
are kuown both from the oarnic and noric stages of the Salzkammergu),. 
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C A P U ~ ~  (PERPX) JOHARENSIS nov. sp. PI. 11, fig. 4. 

The distinction of fossil Patsllidce and Capzclidce is attended with great difficulty, 
since the oharacters of generic importance are but exceptionally preserved. The 
aupshaped shells exhibit very little variation in form, and their systematic 
is nearly always doubtful in the fossil state. 

A single cast of a cup-shapod shell, in its. external shape, more closely 
recalls the subgenus Phs8yx Hlaschke (Gastropoden fauna der Pachy cardientuff e der 
Seiseralpe in Suedtirol, Bcitraege zur Geol. und Palmnt. Oesterreich-Ungarns, 
eto., XVII, p. 174) than any genus of Patellid@. Montfort (Conohyl. systbme 
1810, 11, p. 64) givea the following diagnosis of the genus Capuluo: " CoquiUe 
libre, univalve, en bonnet phrygien ; h sommet plus ou moins aigu ou roul6, 
bouche entibre ; intbrieur marque de deux musculaires. " K. v. Zittel (Handbuch 
der Palreozoologie 11, p. 216) adds to this diagno~is, that the apex is always 
directed baokwards and that the mllsoular scars take the shape of a horseshoe. 
Such forms of Capulcrs, whioh are provided with a symmetrical apex, which is 
neither enrolled spirally nor shifted laterally, have been distinguished from Capzzlus 
8. a. as P h r y x  by Blaschke, and have been elevated by this author to the rank of a 
proper subgenus. The only species of this subgenus hitherto known was Phryx 
bilateralis Blaschke (1. o. p. 172, Taf. XIX, fig. 9). Another triassic species, 
Capzcless Apollinio Boehm (Die Gastropoden des Marmolataktllkes, Palaeontogra- 
phioa XLII, p. 261), differs from Phwx  by its spirally enrolled apex, which has 
been shifted considerably to the right. 

The present shell agrees in its characters of subgenerio value with Phryx 
bilateral&, not with Captclus Apollinio. Its aperture is regularly elliptical, rather 
wide. The shell recalls by its shape a low Phrygian cap with its apex greatly 
removed posteriorly. The apex is neither enrolled nor twisted but oontracted into a 
sharp and sliglitly inourved beak of symmetrical position. Musoular scare have 
not been noticed. 

From Phryx biiaterali8 the present species differs by the following 
characters : The summit of the shell is not situated oentrally, but nearly coinoides 
with the apical beak. The apex is not elevated above the posterior margin 
of the aperture but removed anteriorly. The distanoe between the apex and tho 
posterior shell margin is considerably larger and less strongly concave. 

From all the tdmsic representatives of Patellid@, which have been desaribed 
by Boehm, Kittl, 8. von Woehrmann, Koken, and Blaschke, my Himslayan speck 
is distinguished by the curved shape of its apical beak. I therefore deemed it pre- 
ferable to unite it with the subgenus Phryx  among the family of Capulids. 
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Gen. : NATICOPSIS McCoy. 

NATICOPSIS sp. ind. ex aff. OBvaLLaTa Koken. PI. I, fig. 5. 

I n  making use of the generic name Naticopsie McCoy for a triassic species 
I am not in aocordanoe with E. Kittl, who in his monograph of the Qasteropoda 
of the Esino limestone (Annalen des K. K. Naturhistorischen Hofmuseums XIV, 
1899, p. 25) reserves this denomination for Natica ampliata Pliill, and its allies. 
But my materials are so scanty, oonsisting of two shells only, one of tbem rather 
incomplete, that 'I cannot detect suoh oharaoters of distinction as might enable 
me to establish their generic determination with any oertaiutp. Tile only internal 
feature which I have been able to discover is the presence of a median tooth pro- 
jecting from the inner lip, which is ourved and flattened. Tl~is oharacter clearly 
shows that our species has nothing to do with Natica and its allies, but is not 
suffioient for its grouping among the family oE Naticopeid~. The most important 
characters for a generic distinction, namely, the reabsorption of inner walls in the 
earlier whorls, are not aocessible to examination in my examples. Aa it haa been 
oustomarg to group under the general head of Naticopge suoh fossil shells as 
externally recall Natica, and are not specially distinguislied by some other charaoters, 
I shall keep provisionally to this denomination. 

Among Alpine speoies the present one bears a close resemblanoe to Naticopsda 
obvallata (Gastropoden der Trias um Hallstatt, Abhandl. K. K. Geol. Reichsanst. 
XVII, p. 70, Taf. XII, fig. 5), from which i t  differs, however, by the insignificant 
depression of its suturee. 

Shell globose. Spire with a pointed apex, whorls increasing rapidly. Last 
whorl inflated, with a regular aperture whose outline is somewhat flattened along 
the upper portion of the outer lip. Stria of growth desoribing a curve, which is 
turned baokward~ considerably. 

CEPHALOPODA. 

AMMONOIDEA. 

Gen. : CLBDI~OITES V. Mojsisovics. 

The genus Cladiscites is rather riohly represented in the fauna of exotic 
block No. 2. The majority of the speoimens belong to representatives of Oldiscites 
8. 8., distinguished by the serial arrangement of their sutural elements. Two 
species belong to the subgenus Qpocladiacit es (group of Oladieciter, subtom t i ) .  
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Of the subgenus Paracladiecites no representative is known to me, although from 
the tFiassio belt of the main region of the H i d l a y a s  a speoies of this 8ubgenus 
(Paraclad&citeu indicue) has been described by E. v. Mojsisovics. 

1. CLADIBCITIES CBA88EBTRXATUS V. Mojsisovim, P1. II, figs. 5-8 ; PI. IV, figs. 1, 2,s. 

1873. Arcester craeseatriatus E. r .  Mojsisovios, Cephslop3den der Halleteetter Kalke, Abhandl. K. Qeol. 
Reiohwinet. VI-1. p 79. Taf. XXX, fig. 4. 

I-. Cladwciter  crossertriatur E .  v. Mojsisovioe, ibidem, Supplemen)bd., p. 280. 

This is the most common species of the genus and, indeed, one of the leading 
fossils of the red limestone of exotic block No. 2. I t  attains considerable 
dimensions. My largest fragment, which has been illustrated on P1. 11, 0g. 7, is 
yet entirely chambered. As one more volution at  least must be reckoned for the 
body-chamber, the diameter of the adult individual cannot have been less than 
150 mm. Thus tile Indian types of the species are scarcely inferior in size to Alpine 
speoimens from tAhe Roethelstein, among which some examples, consisting O F  air- 
chambers only, have a diameter of 90 mm. 

I sliould not have ventured on a direot identification of my Himslayan 
examples with the Alpine species without a peraonal examination of large materials 
from the Hallstatt limestone of julic and tuvalic age. 'Che most prominent 
features of the ~pecies have not been reproduced satisfactorily in the illustration on 
p1. XXX, fig. 4, of E. v. Mojsisovios' memoir, as will be seen from :i comparison 
with the illustmtion of his ty pe-specimen on PI. IV, fig. 9, of the present mono- 
graph. I t  must, however, be remarked that this type-speoimen is of rather small 
size and that some of the specific characters of Cladiscites cra~sestrdatrce, especially 
the angular shape of the cross-section and the insignifioant development of str ia 
on the eiphonal area are less prominent than in the mqjority of specimens from the 
Hallstatt limestone. An illustration of an average-sized specimen from the 
Subbullcstue beds oE Aussee is given on P1. V, fig. 5 ,  of this memoir. 

The most important distinctive feature between Cl. craeeestriatus and 
other congeneric forms in the carnic stage is the presenoo of distinctly 
marked angular margins, bordering the siphoml area. The siphonal area is 
gently arohed and separated sharply from the flat lateral parts. The width of the 
siphonal area is but slightly inferior to the greatest transverse diameter of the 
cross-section. I t  is only in very young stages of growth (PI. 11, fig. 8) that 
the marginal angles are rounded off. I n  later stages of development the 
rectangular ~hape  of the cross-section is as distinctly marked as in CI. morome 
v. Mojsisovics (1. c.  p. 76, PI. XXIX, fig. 3) or in Pa~acladiscdtes diulurnus v. 
Mojsisovics (1. C. P. 89, TaF. XXXI, fig. 2). 

Tho volutions are oomparatively high, the width of the shell being as a rule 
more than three-quarters of its length, but invariably inferior to the latter. 

Another fcnture of specific importanoe is the remarkable difference ln the 
strength of ornamentation on the ventral area and lateral parts. The striation of 
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the l a t m l  parts is rather coarse, especially so in speaimona of large dimensions. The 
ventral area is either perfectly amooth or oovered with very delicate longitudiml 
strile only. Examples with a siphonal striation, as distinotly marked as in the 
type-speoimen from tlie Roetbelstnin (PI. IV, fig. 9), are quite an exception. 

D i m e k n s .  
PI. IV, fig. 1. PI. 11. fig. 6. 

Diameter of the hel l  . 63 mm. 67 mm. 
,, ,, ,, umbilicae . . . . . . 0 ,, 0 ,, 

31 2, 42 9, 

volntion 21 ,, 27 9, 

Thickness of the la& volntion . . . 25 ,, 94 ,, 

Sutures.-The sutural line of this epeoies was not known to E. v. Mojsisovics 
in 1873. I have succeeded in developing the sutures of a specimen from the 
Hallstatt limestone of tlie Roethelstein, although not in its details. The illustration 
represented in PI. IV, fig. 8, is taken from one oE my largest H i d l a y a n  examples. 
The complication O F  the sutural line renders its preparation extremely difficult. 

In  the genus 01 adiscites 8.8. epecial i m portance is attributed by E. v. Mojsisovios 
to  the shape of the siphonal saddle. Tliree external branches are developed, 
besides the bipartite culminating outer branch of the dimeroidic siphonal saddle. 
~ l ; a  arrangement of the lobes is typically serial, the lateral and auxiliary lobes 
standing at an cqiial level. The number of auxiliary lobes is not exactly known 
to me. 

Remark8.-Among the species of Cladiscites from the trimsic beds of Sicily 
whioh have been described and figured by Gemmellaro (I cefalopodi del trim 
superiore della parte occidentale della Sioilia, Palermo, 100 h),  C l .  Ferdirucndi 
Qemnlellaro (1. c. p. 276, Tav. XXIX, figs. 43, 44) is probably identical with the 
present species. The species illustrated by Gemmellaro is of small size, attaining a 
diarrleter of 26 mm. only, but i t  is provided wit11 a part of its body-chamber. It 
recalls very strongly Cl a d i sdes  craesestriatus. The features of distinction 
enumerated by Gemmellaro, namely, the more delicate striation and the oompressed 
slinpe of the lateral parts, are either insignificant or due to a misinterpretation of 
the unsatisfactory illustl.ation given bp E. v. llojsisovics. 

2. CLADISUITEEI of. GOBBIB Gemmellaro. P1. I V ,  fig. 6. 

1904. Cladiscite8 Uorgia Bemmrllsro. I cefelopodi del Trins mperiore della pnrte oocidenWe della Sicilia, 
p. 270, Tev. 111, figs. 19, 20 ; XXIII, fige. 3-6. 

This species shows in its external characters a great resemblance to Cladiscites 
G o 9 * g i ~  Gemm. from tlie oarnic limestone of Sicily, My Himalayan examples 
differing from the European type in some subordinate details, the species is 
recorded here as OZ. cf. Borgie. 

All my Himalayan examples are entirely chambered but do not reach the 
dimensions of the largest types from Sioily. They agree beat in size and shape 
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with the specimen illustrated on P1. 111, figs. 19, 20, by Gemmellaro. The 
width of the shell is either equal or inferior to the height. The speoimen 
figured is as strongly compressed as tlre Sicilian types, whose dimensions have 
been chosen for standard by Gemmellaro. The flattened siphonal area is not 
marked off from the gently and regularly arched flanks by sharp margins, but 
passes into them more gradually than i n  01. crassestriatue. The umbilicus is 
closed, as in the majority of congeneric species. 

The ornnmentation recalls 01. craesestriatus by the faint development of 
spiral striae in the siphonal region. Transverse strim of growth have not been 
notioed in any of my specimens, whereas such have been mentioned in the diagnosis 
of the Mediterranean speoies by Gemmellaro. 

Diameter of the rhell . , . . . . 49 mm. 
,, ,, ., umbilicus . . . . . . . . . 0 , 

Height of the last above the nmbllioal enture . . , . a , 29 ,, 
volotion ( ,, ,, preceding whorl . . . 14 8, 

Thickness of the laat volotion . . . . a . . . . 2 6 , ,  

8acturee.-I have succeeded in chiseling out the inner nucleus of a large speoi- 
msn, wlrich shows the sutural line fairly well. I t  agrees very closely with the 
sutures of Cl. Gorgia, as illustrated by Gemmellaro on PI. XXIII,  fig. 5 .  

There are fro111 seven to eiglrt saddles counted from the umbilical suture tothe 
middle of the siplional area. Their stems and l~ranches are thinner than in  the 
majority of congeneric species, perhaps, even a little more robust than in the 
Sicilian t,ype-specimen of CI. Uorga'a. All saddles are distinctly dimeroidic. In 
the main saddle eaoh portion of the dimeroidic top ia again subdivided into two 
smaller secondary phylla. The arrangement of lobes and saddles is typically serial. 
The siphonal lobe is the deepest. The lateral lobes show a tripartite arrangement 
of their basal branches. 

1879. Arcester ~ s i Z l u a  E. T. Yojrirovice, Cepheiopoden dsr Hdlataotter Kalke, & h a d .  K. K. 000. 

Beichmnst. VI-1, p. 77, Tmf. XXVIII,  fig. 4. 
I-. (!ladiscites pusillria E .  v. Mojeieovios, ibidem, Sapplemrntbd, p. 281. 

Having E. v. bl ojsisovica' t y pe-specimens of Cladiecidee crassmtriatw, Ct. 
pq&lZw and 01. etriatiseinous a t  hand for comparison, I: find their distinction 
from eaoh other and from 01. Qorgice Qemm. a difficult matter. All of them 
are certainly most nearly allied and differ by very subordinate details only. 

'Fhe type-specimen of Cladiscites pueillus from the .Ellipticus beds of the 
Roethelstein is a small Ammonite of 241 mn?. i n  diameter (nor; 28, ae has been 
stated by E. v. Yojsisovics). I& croas-section is of nearly eqnal height and width. 
The lateral parts are very gently nrohed. The demarcation between them and the 
flat ~iphona, area, is not'so sharp as in O!. m?e8tridzce, but a Little sharper than 
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in 01. Qorgi~.  The only distinction which I oan find in the ornamentation is 
confined to the very delicate striation of the lateral and siphonal parts. The latter 
is not smooth as in the majority of examples of CZ. crassestriatzur. .An equally 
deliate striation is found in 01. atriatiseimzre v. Mojsisovios (L c. p. 7'7, Taf. XXX, 
fig. l), but this species is more strongly inflated, and the ventral area is considerably 
less broad than the largest transverse diameter of the shell. 

With the type-specimen of 01. pwillu8 some Himtilayan representatives of 
CZadiecdtee agree very well io their external shape and sculpture. Both the flanks 
and siphonal part are oovered with numerous and thin oonoentric striae. Their 
transverse section is less distinotlp angular than in 01. crasaestriatua, but in this 
reapect transitional shapes between the two species are known to me. 

, . 

Diameter-of the shell . . . . . 
St ,, ,, umbilicus . . . . 

Height of the laet above the u~nbilical ruture 
volntion { ,, ,, preaeding whorl 

Thickneae of the lrut volution . . . 

E. v. Mojrisovim' 
type-rpecirnen 

(PI. XXVIII, 6g. 4). 

. 24mm. 
. o . ,  

14 3, . 7,. 
. . 14 ,, 

H i r n 4 l a y s n  
rpecimen 

(Pl. IV, fig. 7). 

27 mm. 
0 ,, 

16 ,, 
7 8 ,  

16 ,, 

S ~ l u r e s . ~ N o t  known in detail. 

4. CLADISCITES sp. ind. cf. CORACIS, Gemm. PI. V, fig. 4. 

A single, imperfectly preserved specimen of a large Cladiecites is mentioned 
here on account of its resemblance to CZ. Coracis Qemmellaro (I cefalopodi del 
Trias superiore della regione occidentale della Sicilia, p. 273, Tav. XXII, fig. 7 ; 
XXIII, figs. 1, 2) from the carnic limestone of Sicily. It is strongly compressed, 
high-mouthed and aonsiderably higher than broad. The lateral p r t s  are regularly 
although gently arched. Their greatest transverse diameter is situated below the 
middle of the height. They unite with the flattened siphonal area without form- 
ing a sharp angle. The concentric striation is coarse and not restricted to the 
lateral parts, as in CZ. crasseatriatue. 

The affinity with CZ. Coracis shows itself in the shape of the cross-section and 
in  the l~trong compression of the whorls. From Hypocladiscite8 subtornatus and its 
allies, which are dso  provided with strongly compressed volutions, our species is 
distinguished by its flat siphonal area and by its more distinotly defined l a t e d  
margins. 

Bipnen8iOraee 
Diameter of the shell , . , , . . , . 89 mm. 

,, ,, ,tumbilione. . . . . . . . 0 9, 

Heigbt of the laat (above the nmbiliorl suture . . . . 63 91 

rolntion ,, ,, preceding whorl . . . . . % , ,  
Thickness of the laat volation . ; . . . . . .S,, 
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Remarks.-The specimen has been referred provisionally to Ckdds~ite8 Coracie 
a9 sp. i d . ,  but its possible connection with the subgenus Hypocladiscites oannot be 
excluded, the sutural line being entirely unknown. 

Subgen. : HYPOCLADISCITEB V. Mojs. 

6. ~YYOCLADISCITEB SUBCARINATUS Gem mellar0. P1. IV, fig. 4. 

1904. Eypocladiscites subcarinatus Gemmellaro, I cefalopodi del Triae anperiore della regione owidentale 
della Sioilia, p. 279, Tav. XXII, figs. 8-11 ; XXV, fig. 21 ; S XVI, fige. 1, 2. 

This species of the upper aarnic limestone of Sicily is represented in A. v. 
Krafft's collections by numerous and well-preserved specimeos whiah permit of an 
accurate determination. The largeet of my Himtilayan examples, which consists 
of air-chambers only, has been chosen for illustration. 

I n  its general shape this species recalls Cladiscite8 crmseatriatus v. 
Mojsisovics, especially in the rectangular outlines oE its cross-section, but in the 
charaoter of its siphonal area it is at a glance distinguislled from all congenerio 
forms. The siphonal ares is slightly excavated, forming a shallow depression, 
whioh is interrupted in the middle by a low and rounded keel. The two marginal 
elevations separating the depressed siphonal area from the lateral parts are higher 
than tbe median keel and morc, broadly rounded. The lateral parts are very gently 
arched. Their greatest transverse diameter is situated in the umbilical region. 

Both the median keel and the rounded marginal elevations are developed at  
very early stages of growth. I have seen then1 clearly marked in a chambered 
nucleus attaining a diameter of 10 mm. only. Thus a determination of this species 
is even possible if inner nuclei of small size only are available for examination. 

The lateral parts are covered with numerous and delicate longitudinal stria. 
On the siphonal area those strise are still more delicate and are gradually obliterated 
in the direction towards the median keel, which remains free from aoy soulpture. 
Transverse striae or folds, as noticed by Qemmellaro in a minority of his Sicilian 
specimens, are entirely absent. 

The strongly inflated variety which has been mentioned as Rypocladdscites 
now. form. ind.prox. H. ezbbca4.C.nato by Gemmellaro (1. c. p. 280, Tav. XXII, 
figs. 12, 13) is not represented among my Himtilayan materials. 

Diameter of the ehell . . . . . . . . . .  37 mm. 
,, ,, ,, ombilioua . . . . . .  . .  . O , ,  .. . . . . . .  Height of the h t  above the nrnbiliaal suture 22'6 . . . . .  . . . .  volntion preaeding whorl . 11 ,, .. Thiokneee of the larl rolutiou . . . . . . . . .  16 

Sutwea.-Not known in detail, but in their general arrangement agreeing 
with the illustration on Tav. XXV, fig. 21, of Gemmellaro's memoir. The seoond 
lateral lobe is considerably deeper than the following lobes. 
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6. H Y P O ~ L A D ~ S C ~ T E ~  8UBARATU8 V. ~ ~ o ~ S ~ S O V ~ O S .  PI. IV, fig. 3. 

1896. Cladisciter r f .  subtornatus E. v. Mojdeovics in Diener, Ergcbniwa einer geologiechen Expei~ition io 
den Cet~tral-Himalaya, etc., Denkaabr. Kair. Akad. d. Wiesensch. LXLI, p. 664. 

1896. Cladiscites (Eypocladiscites) subaratur E .  v. Mojsisovics, Obertrindirehe C!ephalopodmfnunen dea 
Himalaya, Denkschr. kair. Akad. d. Wiw. LXIII ,  p. 667, Tsf. XX,6g. a. 

1899. Cladiscites (Hyporladiaciter) rubaratus E .  v. Mojsiroties, Palseont. Ind, Mr. XV. HimBlapn Pose., 
Vol. 111, Pt. 1, p. 102, P1. XX, fig. 2. 

A species of Hypocladkcites from the carnic Daonella beds of Lauka, whiah 
in its outward shape agrees very closely with 8. subtornutue, has been separated 
from this Alpine form by E. v. Mojsisovios, on acoount of some differenoes in its 
mtural line. 

Borne fragments of high-moutbed and strongly compressed Cladiscitid@ in A. 
v. Krafft's colleotion must be united with Hypocladieciles eubaratuu. The close 
agreement of the sutures will be reoognized by comparing the illustrations. I n  my 
specimen the principal lateral saddle is still higher and broader, and is provided 
with more richly serrated lateral branches than in the type illustrated by E. v. 
Mojsisovics. 'l'hus the features of dietinotion hetween H. subtornatus and H. uub- 
aratue are still more strongly marked in the present example than in the specimen 
from the Dirouella beds of Lauka. 

Fam. : BBCESTIDIR. 

Gen. : ARCISTES, Suess. 

7. ARCEBTES cf. PERIOLCUB, V. Mojs. PI. 111, fig. 1. 

1873. d ~ c e s t e s  peridcra E. v. Mojsisoviae, Cephalopoden der Hallrtaetter Kalke, Abhndl. K. K. Geol. 
Reichmnet. V1-1, p. 109, l'rf. L, figs. 1-3 ; LII, figr. 4, 6 ; LIII,  fig. 27. 

My type-specimen is of large size, nearly complete, and has its peristome 
entirely preserved. It reoalls most closely the Alpine Arceetee periolcus, both 
in its general outlines and in the development of a spiral sulcu surrounding the 
widely open umbilious. 

Of the penultimate whorl a small portion only is accessible to examination. 
I t  is globose, regularly rounded, smooth and without any constrictions or varices. 
The last whorl changes its shape in a. manner agreeing with that in A. periolw. 
The greatest width of the flattened siphonal area corresponds to the peristome, 
whereas i t  is most strongly compressed in the opposite middle portion of the whorl. 
The lateral parts are flattened. The umbilical wall is vertical and separated from 
the adjoining parts of the flanks by a raised marginal band, which is bordered 
externally by a shallow spiral sulcus. This sulcus is lower than in the majority of 
Alpine specimens, which have been united in this species by E. v. Mojsisovics. 
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The apertural margin is strongly oontraoted in the middle, and protraoted into 
two lateral lappets in the siphond, region. This is the normal shape of the peri- 
s tome in the group of 4rcestes coloni. 

The sbell is nearly smooth. It is only in the vioinity of the peristome tthat 
delicate strise of p w t h '  are developed, following in their direction the outlines of 
the apertural margin. 

Traces of transitorial paulostomes, as have been notioed by E. v. Mojsisovics in 
some of his European examples, are altogether absent. 

Dimensions. 
Diameter of the shell . . . . . . .  . . 80 mm. 

,, ,, ,, urnbilious . . . . . . . .  R , ,  

H"fit ] of the last rolutiotion . . . . . 4f ,, Thiaknm 32 ,, 

Sutures.-Not known. 

2. A a c ~ s T ~ s  of. R~CHTHOFENI v. Moj~isovics. P1. 111, fig. 2. 

1873. Arceates  R ich thofen i  E .  v. Xojsi~ovics, Die Cephalopoder~ der Hallstnetter Kalk~,  Abhandl. K. K. 
Geol. Reichsanst, VI-I, p. 132, Taf. XLIX, figa. 4, 6 ; LIII, fig. 18. 

The only specimen available for investigation is a nearly complete cast, with 
its peristome almost entirely preserved and with large portions of the shelly 
substanoe adhering. It recalls very strongly the European Arcestes Richtho- 
feni from the julic stage of tlre oarnio Hallstatt limestone. 

The apertural margin, although partly injured, is sufficiently well preserved to 
indicate the absence of any emargination along t,he broadly flattened siphonal area 
~ls is noticed in the majority of Arcestida. I n  this charaoter it agrees exactly 
with the apertural margin of A. Richthofeni and A. agnatas. Peristome contract- 
ed laterally ; u mbilicue narrow, but open, not closed by any callosity. Siphonal 
area flattened in the vicinity of the peristome, but sllarply rounded and narrow 
in the opposite quadrant of the last volution. 

E. v. Mojsisovics noticed in one of his speoimens an internal siphonal ridge, 
which was, however, restricted to the quadrant of the volution bordering the 
aperture. This internal sipljonal ridge is olearly developed in my specimen, as is 
obvious from the illustration. Where tlre shelly substanoe has been preserved, its 
surface is perfectly smootb, but, .in the cast a deep impression of rectangular cross- 
seotion follows the median line of the siphonal part, marking the presenoe of an 
internal ridge. This ridge was probably intended to proteot the siphuncle, which 
is situated more internally. Similar internal ridges have been described in 
Ph ylloceras u e m a ~ e n s e  Herb. by Waehner (Beitraege zur Pal~eontologie Oester- 
reioh-Ungarns und des Orients, 13d. XI, p. 176). Casts of this species, in which a 
deep impression marks tho place of the original shelly ridge, have been desoribed 
aa ~ l i ~ l l o c e r a s  aulmtuna by Herbich (DM Szeklerland, Mitteil. aus dem Jahrb. 
der Kgl. ungur. peol. Anstalt, Bd. V, p. 115). 



Diameter of the shell . . . . , . . . . . 65 mm. 
,, ,, ,, umbilious . . . . . . . . . a%, ,  

Height of the leet above the nmbiliaal suture . . . . . 29-15,, 
rolntion { ,, ., preceding whorl . . . . . 9 ,. 

Thicknw of the last rolntion . . . . . . . 81.6 ,, 

Sutures.- Not known. 

3. ARCESTES sp. ind. aff. DECIPIENS V. Mojs. Pl. VIII, fig. 3. 

A single nucleus, consisting of airkhambers only, most probably is related to 
Arcestee decipiens from the tuvalic substage of the Hallstatt limestone. 

It agrees with this species in the presence of a very narrow umbilicus and 
remarkably strong constriotions. The greatest transverse diameter coincides with 
the rounded-off siphonal margin, from which the lateral pnrts converge very 
gradually towards the umbilicus. 

The only difference between the Alpine and Himtllajan forms oonsists in the 
direction of the strong constrictions, which in my specimen are not turned back- 
wards in crossing the siphonal area, a3 they are in Arcestee decipieno E. v. Moj- 
sisovios (Cepllalopoden der Hallstaetter Kalke, 1. c. VI-1, p. 133, 'I'af. LIV, figs. 
2, 3). 

Diameter of tbe shell . . . , . . . . , 24 mm. 
,, ,, ,, umbilicus . , . . . . . . . om. 1 ,, 

Height 
Thickness 7 of the last volotion . 

J 

Sutures.-Eot known. 

4. ABCESTES cf. PLACENTA v. Moju. P1. IX, fig. 1. 

1873. 8rc.esrtesplacenta E. v. Mojsisovic~, Caphalopoden der Hallsteetter Kalke, Abbandl. K.  K. Geol. 
Reiohennat. VI-1, p. 106, Taf. LV, figa. 2-7. 

A single but nearly complete speoinlen of Arcestes reoalls very oloselp 
A. plaoenta v. Mojs. from the tnvalic Hallstatt limestone of Aussee. It is of larger 
size than full-grown European examples, but agrees with them in all characters of 
specific importanoe as far as such are accessible to examination. 

The whorls are moderately compressed and provided with flatly arched lateral 
parts. The umbilious is small but not olosed. Siphonal part broadly rounded in 
the vioinity of the aperture and in the onrresponding quadrant of the last volution, 
but the difference in width between this and the opposite quadrant is not consider- 
able. Peristome slightly emarginated alonq the siphonal area but not contracted 
along the lateral parts. 
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There are also some Alpine specimens in the colleotion of the K. K. Geolo- 
gische Reichsanstalt in Vienna, in which this lateral contraotion of the peristome is. 
almost insignscant. 

Diameter of the ehell , . . . a . . . 65 mm. 
,, ,, ,, umbilicus . . . . . . . . . 1.6,,  

Height of the laat above the umbilioal suture . . . , . . 84 ,, 
mlntion { , ,, preceding whorl . . . . 0 11 ,, 

Thickness of the laat volution . . . . . . . 31 $9 

Su ture8.-Not known. 

Subgen. : PROABCESTES V. Mojs. 

1. PROARCESTES GAYTANI, v. Klipstein. P1. ,111, figs. 3, 4, 5, 7, 8. 
1845. Ammonites Gaytani v. Klipstein, Beitraege .zur geologischen Kenntnis der oestlichen Alpen, p. 110, 

Taf. V. fig. 4. 
1847. Ammonites Ga.ytani P. v. Hauer, Neue Cephalopoden von Bussee, Haidingers Natnrwiseenrchattl. 

Abhandl. I, p. 267. 
1849. Ammonites Qaytani F. v. Hauer, Neae Cephalopodelr von Hallstatt und Auesee, ibid, 111, p. 17, 

Taf. IV, i igs .  13,14. 
1869. Arcestes Gaytani Laube, Fauna der Schichten von St. Carsian, Denbchr. Rain. Akad. d. Wieaenech. 

math. nat. C1. XXX, Bd. p. 89, Taf. XLIIT, fig. 5. 
1873. Arcestes Gaytani E. v. Xojsisovics, Die Ceplralopoden der Halletaetter Kalke, Abhandl. K. K. Qeol. 

Reichsanst. Vl-1, p. 100, Taf. LVIII, figs. 1-3. 
1902. Proarcestes Gaytani E. v. Hojsiovios, ibidem, Sapplementbd., p. 259. 
1906. P~oarcestes Cfaytani G. v. Arthaber, Die alpine Tries des Mediterrangebietes, Letbaea meeozoica I. 

Taf. XLIV, fig. 2. 
1906. Proat.eestes cf. Gaytani Diener, Fauna of the Tropih  limestone of Byans, Paloeont. Ind. uer. XV, 

Val. V, Pt. 1, p. l i 7 ,  PL XII, figs. 10, 11. 

It is this well-known species of the julic substage to which a considerable 
number of Arceetidm in A. v. Krafft's collections can be safely assigned. The 
character of the sutural line is that which is peculiar to the group of Arceetes 
Gcarinati, and which is distinguished by the presenoe of a moderately high and 
riohly serrated median prominence. From Proarceste8 bicarinatue Miinst. and 
from P. Aweanus v. Hauer our species differs remarkably by its less globose shape 
and by the faint development of varices. On the other hand the majority of 
specimens agrees very closely with P. Qaytarai. 

In  some of them, it is true, the flattening of the lateral parts is less strongly 
marked than in typioal shapes of P. Graytarni. This is especially the case with 
inner volutions, exactly as in the examples from the Tropites limestone of Byans, 
which have been referred to the present speoies as cf. in Himhl. Foss., Vol. V, Pt. 1, 
The specimen illustrated in fig. 4 affords a good instanoe of this oharaoter. In the 

whorl, which consists of air-chambers only, the lateral parts are 
almost regularly rounded, describing a gracoful and uninterrupted curve from the 
siphonal oonvexity to the rounded-off umbilical margin. In  the last volution, 
however, which has been partly preserved, the lateml parts are high, compressed 

D 
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and flattened as distinotly as in full-grown individuals from the a m i o  Hallstatt 
limestone of the Salzkammergut. T h i  specimen is scarcely inferior in size to the 
Imgest European examples which have been noticed by E. v. Mojsisovios. 

The umbilicus is widely open, both i n  chambered nuolei and in speoimens 
provided with their body-ohambers. Constrictions on varioes arc but faintly 
marked, cohfined tb inner nuclei and often elltirely absent. No constriction has 
been noticed in the example illuqtrated in fig. 5, whereas in the two nuolei, 
illustrated in figs. 7 and 8, two varices are counted within the cirournference of 
the last whorl. Their tlireotion is nearly straight with a convexity slightly 
turned forward in the siphonnl area. 

Dimemione.-The measurements of my largest specimen (fig. 4), with a portion 
of its body-chamber preserved, are as follows :- 

Diameter of the ehell . . . . .  . . . ab. 86 mm. 
$9 ,, nmbilicus . . . . .  . . 8 ,, 

Height of the above the umbilioal suture . . . .  46 9, 

last mlotion ( ,, ,, preceding whorl . . . .  I .  16 ,, 
Thickness of the last volution . . . . . .  . . 44 1, 

Height Thiotne8s of the podtimate whorl . . . . . 38 ,, 38 3, 

Sutures.-Agreeing entirely wit11 those of the Alpine types of P. Gaytani. 

2. P R O A E C E ~ T E ~  sp. cf. AUSSEANUB v. Hauer. PI. 111, fig. 6. 

The compratively high and serrated median prominence of the siphonal lobe 
proves this species to be a representative of the group of Arcestes bicarimti. 

The only specimen available for examination is an inner nuclous with part of 
the last volution adhering, which is yet entirely chambered. It shows three con- 
strictions, which are narrow and faintly developed, as in inner nuclei of Brcestes 
Azc88eanus v. Hauer (Haidingers Naturwissenschaftl. bbhandl. I ,  p. 268, Taf. 
VIII, figs. 6-8). From typical shapes of Proarcestes dusseaplus, as illustrated by 
E. v. Mojsisovics (Cephalopoden der Hallstaetter Kalke, Bbhandl. K. K. 0001. 
Reichsanst. VI-1, Taf. LI,  figs. 1, 4) my specimen differs by its less globose ~hape, 
although its height is yet oonsiderably inferior to its thickness. 

Dimen&m (of the nuoleus). 
Diameter of the shell . . . . . . . 39 mm. 

,S ,, umbilicus . . . . . . . . . 3 ,, 
~ [ i ~ ~ ~ e U ]  of the last volotion . . - . . . . . 22 I, 

89 8, 

Szclure8.-Agreeing entirely with those of Proarcestee dete8eanw. The princi- 
pnl lateral lobe is situated on the convexity, by which the siphonal area passes into 
the lateral parts. Two auxiliary lob- outside the umbilical msrgin. 

Remarks.-My scanty materials do not allow one to deoide the question of 
specific identity or olose affinity of the Himalayan shell with the European 
P. Atrssemue. 



UPPER-TRIASSIC AND LIASSIC FAUN&. 

PROARCESTES (?) sp. ind. ex aff. BARRANDEI Laube. PI. VIII. fig. 5. 

The systematic position of the only speoimen available for oxamination is 
somewhat doubtful. It is only on aocount of its external ~imilarity with A~cestee 
Barrandd Laube (Die Fauna der Schichten von St. Cassian, Denkschr. Kais. Akad. 
d. Wissensoh. Bd. XXX, 1869,5. Abt. p. 90, Taf. XLIII, fig. 2) that I have unitedit 
with Proaroestes, not with Arcextrs 8. 8. It must, I~owever, be borne in mind, that  
not even the connection of Arcestes Barralrdei itself with tho group of Arcestes 
extralabaati (Proarcestet~) has been ascertained by E, v. Mojsisovics (Cephalop- 
oden der Halhtaetter Kalke 1. c. VI-1, p. 91), although the sutures exhibit some 
characters peculiar to this group. 

I n  its general shape my specimen agrees with Proarcestes Barrandei, especially 
so i n  the outlines of its transverse seotion, but it differs remarkably by the presence 
of a large and widely open, funnel-shaped nmbilicus. The inner volutions are 
globose and strongly inflated, the place of greatest inflation oorresponding to the 
rounded umbilical margin. I n  the last whorl, which apparently belongs to the bodp- 
ohamber, the regularly rounded siphonal part becomes considerably narrower, the 
transverse section thus assuming a cordiform shape. No traces of furrows are 
noticed on the body-chamber volution preceding the aperture, but a shallow 
contraction is marked on the cast of the penultimate whorl. 

Diameter of the shell . . . . . .  . . 57 mm. 
9 ,  ,, umbilicus . . .  . . - . g , ,  

of the lsst rolotion . . . 

Sutures.-As far as known, agreeing with those of P. Barrandei. Median 
prominenoe moderately high and laced a t  its base by converging digitations of the 
siphonal lobe. Siphonal saddle not perfectly symmetrical, but with larger external 
branches. Number of auxiliary lobes not known exactly. 

PROARCESTES sp. ind. (GROUP OF EXTRALABIATI). P1. VIII, fig. 4. 

Among the Arcestidce from exotic block No. 2 a species belonging to the 
group of extralabiati is rather richly represented, although by incomplete speci- 
mens only. I n  none of them has the body-chamber been entirely preserved, nor 
have I suoceeded in developing the sutural line. The relation of this species is 

therefore based on its external features only, exaotly as in the case ef P. Danai 
v. Mojsisovics (Cephalopoden der Hallstaetter Kalke, 1. o. VI-1, p. 93, Taf. LVII ,  
fig. $), to whioh species i t  appears to be most nearly allied. 

I n  the specimen illustrated, the inner nuoleus is globose with siphonal and 
lateral parts regularly rounded. I n  the last ~olution the lateral parts are flatly 
arched and marked off indistinctly from the broad and flattened siphonal area. No 
constriotions or varices have been noticed on the inner volutions as far as they 
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have been exposed, but, near the aperture, the shallow furrows and folds character- 
istic of the group of Arcestee extralabiati make their appearance. I n  a second 
speoimen these furrows are even more strongly marked and deeper than in the 
present one, but their exact number is not known to me, the body-chamber being 
incomplete in all the examples available for examination. 

.From Proarcestes Danai our species is distinguished by its more slowly 
,increasing whorls and by its narrower umbilicus. 

Diameter of the shell . . - - . . cca. 67 mm. 
,, ,, umbilicus . . . . -  . . . . 3 , ,  

Height of the above the umbilical suture . . . , . . 29 ,, 
a s  o t i o  ( ,, ,, preceding nhod - - . . . I , ,  

Thioknesr of the last volntion . . . .  . . . 3 0 , ,  

Sutures.-Not known. 

PINACOCERATITOIDEA. 

Fam. : L PTO CBBATIDB. 

Gen. : PHYLLOCEBAS Suess. 

Subgen. : DISCOPHYLLITBS Hy att. 

There is muoh discrepanoy of opinion among different authors as to the range 
and interpretation of the subgenera of the genus Phylloceras Suess. The majority 
oE triassic species have hitllerto been grouped with the subgenus Rhacophyllitee v. 
Zittel, but there are strong reasons against the correctness of this grouping, which 
seems to be at variance with the circumscription of Rhacophyllitea, introduced in 
the memoirs on liassic cephalopod faunm. 

K, v. Zittel (Handbuch der Palzontologie 11, p. 439) proposed the new sub- 
genus (or genus) Rhacophyllites for the aocommodation of such species of Phyllo- 
term as are distinguished by wide umbilici, by a steep umbilical slope, and by a 
smaller number of auxiliary lobes than are noticed in typical shapes of Phylloceras. 
I n  this interpretation, Rhncophyllitee oomprises species of triassio, liassio and even 
jurassic age (Phyll. tortiezclaatzcm dYOrb.) and is not at all identioal with a group of 
Phylloceras for which E. v. Nojsisovics (Cephalopoden der Mediterranen Triaepro- 
vine, Abhandl. K. K. Geol. Reichsanst. X, p. 151) had claimed a special systematic 
position, chiefly on account of its body-ohamber differing materially from the 
chambered portion of the shell, and on account of a special arrangement of the 
auxiliary series, which is united into a sloping suspensive lobe. 

Qeyer in his valuable memoir on the liassic Cephalopoda of the Hierlate near 
Halletatt (Abhandl. K. K. (3001. Reicbsanst. XII,  p. 223) agrees with E. v. Mojei- 
sovics in attributing a paramount importance to the character of the body-ohamber 
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and sutural line, and not to the widely umbilicated shape of the whorls. Accord- 
ing to his view special stress ought to be laid on the difference in the terminal 
phylla of the saddles, whioh are regularly oval i n  Phylloceras, conically elongated 
or club-shaped in Rhacophyllites, and on the position of the branches which in 
Rhacophyllites never produce an angular geniculation of the stems of the main 
saddles, as is commonly noticed in typical species of Phylloceras. 

This interpretation of Rhacophyllites would make v. Zittel's subgenus include 
P h y l l o c e r ~  pailmorphum Neum. or Ph.planispira Reyn. but would peremptorily 
exclude triassic species of the groups of Ammonites debilis v. Hauer or Ammonites 
laeojur& Quenst. 

I n  his memoir on the liassic Cephalopoda of the Schafberg (Abhandl. K. K. 
Qeol. Reichsanst. XV, p. 74) Geyer does not any longer insist on differences in the 
shape of the phylla, but considers the presenoe of an abnormal body-chamber and 
of a suspensive lobe as the only distinctive featurea on which a generic separation 
of Rhmophyllitee and of widely umbilicated speoies of Phylloceras 8. 8.  ought to 
be based. 

Wrsehner in his " Beitraege zur Kenntnis der tieferen Zonen des unteren Lias 
in den nordoestlichen Alpen " (Beitraege zur Palaeontologie Oesbrreich-Ungmns, 
etc., XI, Bd. p. 173) is altogether averse to a generic separation of Phylloceras and 
Rhacophyllites. According to his observations the widely umbilicated shapes 
allied to Phylloceras etella, which might be considered as descendants from triassio 
Phy l locera t id~ ,  are most intimately connected in the lower lias with narrowly 
umbilicated speoies agreeing with the typical forms of Phylloceras, no important 
characters of difference affording any clue for their generic distinction. 

I n  the palaeontological works of E. v. Mojsisovios three different views 
have been taken regarding the classifioation of triassic species of Phylloce?*ae. I n  
1882 ( 1 .  c. p. 151) this learned author advocated the generio separation of Am- 
monites eximius v. Hauer and of A. ta?ieplsis Menegh. from Phylloceras on 
account of their abnormally shaped body-chambers. I n  this new genus 
A. rakosenea's Eerbich, A.  transsylvanicus Herbich, and A. mimatelzsie d'Orb. 
should be inoluded, with A .  eximius as prototype, but the majority of triassic 
species ought to be left with Phylloceras 8.8. In the dewription of the upper triaseic 
Cephalopoda of the Himdayas (Pal. Ind. ser. XV, Himtil. Poss., Vol., 111, Pt. 1, 
p. 114) the triassic forms which are grouped round Phylloceras neojureme and 
had been assigned to Rhacophyllites by Zittel and Steinman are explicitly consi- 
dered as direct ancestors of the liassio Phyl locera t id~ and as true representatives 
of the genus Phyllocerm. 

" Phylloceras neojzcrenee and its contemporaries from the same group "--E. 
v. Mojsisovics remarks-" are distinguished from the typical representatives of 
the genus Phylloceras, as, for instance, from Ph.  heterophyllum, only by the 
wider umbilicus and by the smaller number of auxiliary saddles, oonnected with 
the lesser degree of involution. Out of the evolute species of Phyllocerae are 
developed on the one hand the strongly involute typical species of Phylloceras of 
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the Jura, and on the other hand the subgenus Rhcophyllites Zittel, whioh i s  
distinguished by inclined auxiliary lobes and a variable body-chamber and is 
confined to the lias." 

From this diagnosis i t  is evident that E. v. Mojeisovics has adopted the subgenus 
Rhacophyllites in a much narrower circumscription t h a ~  i t  had been established 
originally by K. von Zittel and that in 1899 none of the triassic species of 
PhyZlocerm were by himself considered referable to this subgenus. I t  must, 
however, be remarked that one triassic species a t  least, Phylloceras occdtum 
v. Mojs. (Abhandl. K. K. Geol. Reichmnst. VI-1, p. 38, Taf. XVI, fiqs. 3-6), must 
be included in the subgenus Rhacophyllites, even if the latter is taken in the 
narrower ciraumscription, as is evident from the shape of its body-chamber, 
differing from the chambered wliorls by the development of broad transveme 
plications. 

In  1902 E. v. Mojsisovics entirely abandoned his fomer  view and adopted 
Rhacophyllitee in the original circumscription proposed by v. Zittel. I n  the supple- 
ment to the Ceplialopoda of the Hallstatt limestone (Abhandl. K. K. Geol. Reiobs- 
anst. VI-1, Supplem. p. 317) he st,ates the practical advantages of retaining 
the namo of Rhacophyllites for all the widely umbilicated Phylloceratid~ of 
triassic age, whioh K. von Zittel llimself had enumerated among the leading 
types of his new subgenus. 

It is to tirese triassic tppes of the genus Phgllocerae, as Fh. neojurensa 
Quenst., not to the liassic species of Rhacophyllites, that the Himalayan forms 
which I am going to describe, is most nearly allied. If we amept the 
subgeneric designation of Rhacophyllites for this species, i t  would mean a 
contradiction of the majority of authors denling with Liaesic ammonites, who in 
their memoirs have accepted Rhncophyllites in the narrow interpretation pro- 
posed by Geper. If me wish to choose a proper subgeneric name for t,he widely 
umbilicated Phyllocerata of triassia age, we rnust make use of the name 
Discophyllites, which has been proposed by Hyatt for the group of Phylloceras 
paten8 (Zittel's Text-book of Palaeontologp, Vol. 11, p. 566). 

No diagnosis of Discophyllites had been given by Hyatt., who waR content 
with fixing the protot,ype of his new subgenus. E. v. Jlojsisovios (Ceplialopoden 
Hallstaetter Kalke 1. o. VI-1, p. 318) restricted the name to such tppes as he 
consiilered to he transitional shapes between Monophyllitee and Phyllocerae (or 
Rhacophyllites in the wider interpretation). But in including Phylloceras Ebneri 
v. Mojsisovics (Eim6layan Foss. 1. c. Vol. 111, Pt. 1, p. 116, PI. XIX, fig. 6) among 
them, Ile was misled by an erroneous reconstruction of the sutures of the strongly 
weathered type-specimen of Phytloceras h'bpreri from the I)ttonella beds of Lauka. 

I have shown in my memoir on the fauna of the Tropitew limestone of Byaus 
(Himhl. Foss. 1. c. Vol. V, Pt. 1, p. 173), the sutural line of excellently preserved 
examples from Kalapani and Lilinthi exhibits a distinctly diphyllic develop~ent 
of. the siphonai and a rich foliation of the principal lateral saddles. I t  is only in 
the second literal saddle that the monophyllic plan is still clearly marked. Thus 
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this species is, indeed, a transitional shape oonnectinp Dieaophyllitee po tme 
most intimately with the rest of the widely umbilicated Phyllooeratidce of trirsssic 
age. 

We should not be in contradiction with Hpatt's views in uniting all triassio 
Phyllocerata with Ph.  patens in the subgenus Disaophyllitee, all these forms 
being linked together very closely and differing among eaoh other by featurea of 
specific value only. I n  this narrow interpretition both Diecophyllites and 
Rhacophyllites would comprise well-defined groups of subgeneric rank. A third 
group of widely umbilicated Phyllocerata of liassic age corresponds to Hyatt's 
subgenus Sch h t  ophylloceras. 

DISCOPEYLLITES FLOWEBI nov. sp. P1. VIII, fig. 2 ; IX, fig. 2. 

An examination of extensive materials of this species has convinced me 
that it must be separated from the European Diecophyllitee n e o j u r m ~  Quenstedt 
(Cephalopoden, p. 265, Taf. XIX, fig. 8) on account of some subordinah but 
constant features. 

I n  its external shape one of the most remarkable characters of Dtkcophyllitee 
Floaeri  is the considerable height of the whorls. I n  D .  raeojlM.ensis the height and 
width of the volutions are nearly equal. Among my materials, consisting of more 
than twenty individuals, there is not a single one in which the proportion of 
the height and thickness were not oonspicuonsly in favour of the first dimension. 
This remark applies equally to smaller and larger examples. I n  this character 
our Himalayan species more strongly recalls Diecop h yllitee E b n e ~ i  Mo js. than 
I). neojurensi8, with which i t  otherwise agrees in all the rest of the external 
features. 

Subordinate differences are also exhibited in the arrangement of the sutural 
line. The general struoliure of the sutures is the same in both species, and a olose 
examination of their details is needed for observing the points of difference. 

All the mainsaddles are distinctly diphyllic, exactly as in D. neojurensis. 
The illustrations of the sutural line of the latter species, as reproduced by E. v. 
Mojsisovics (Cephalopoden der Hallstaetter Kalke VI, Supplemented. Taf. XXIII,  
figs. a, 3) after Quenstedt and P. v. Eauer, show the constancy of al l  the oharacters 
of importanoe, llotwithstanding a certain individual variability in some minor 
details. From a oomparison of these illustrations with the sutures of D. Ploweri 
the following differenoes are evident :- 

In  D. neojzsrsnstk the saddles are more riohly serrated, the terminal phylla of the 
saddles are more slender and elongated, the s t em are very narrow, espeoially near 
the base. In the main saddles of D. Flowem' the base is broad and the terminal 
leaves arc very large, recalling in this respeot D. Zitteli V. Mojsisovics 
(Cephalopoden der Hallstaetter Kalke, 1. c. VI-1, p. 318, Taf. XVII, figs. 3, 4). Of 
the two terminal leaves in  the siphonal saddle the internal one is deoidedly the 
lower in D .  ~leo jure~eie ,  whereas it is the higher one in D. Boweri .  There are three 
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auxiliary lobes present in the H i m h y a n  species, the third one being divided by the. 
umbilioal suture. They slope obliquely towards the umbilioal suture, but 

- are not united into a suspensive lobe, as in typical speoies of the subgenus 
Rhaco~~hyllites Zittel, 

D i m m h .  
P1. VIII, fig. 2. PL IX, 6g. 2. 

Diameter of ths shell . . . . 76 mm. . . . ab. 52 mm. 
,, ,, ,, urnbilious . . . 24 ,. . . 16 ,, 

Height of the above the nmbiliaal suture . 36 ,, . • a a8 ,, 
hat volution { ,, ,, prraediug whorl . ab. 29 ,. - . . 18 ,, 

Thiakness of the laat volution . . . . ,, 25 ,, . 17 ,, 

Remarks.-With the exception only of the higher and more strongly corn- 
pressed whorls and of ths bulky shape of the phylloid saddles. in the sutural line, 
I could not detect any obracters among the congeneric forms of the Alpine trias 
in which this species differs £rom Diecophyllites rteoju?*ensis. 

Ds'ecophyllites Zitteli v. Mojs. from the carnic Hallstatt limestone of 
Aussee is also among its nearest allies. I n  its external shape, espeoially in the 
proportion of height and width, i t  agrees even better with this species than with 
D, rreojurensis. Aoloser comparison of the sutural lines is, however, rendered 
difficukt by the great difference in the dimensions of the European and Indian 
type-specimens. The small example illuetrated by E. v. Mojsisovics has alsd 
diphyllio main saddles with bulky terminal leaves and comparatively broad stems. 
I n  the siphonal saddle the internal phyllum is the higher one, exactly as in 
D. PZowe9-i. There are only two auxiliary lobes present, but this charaoter is 
evidently conneoted wit11 the smaller size of the ~ l p h e  type-speoirnen. A more 
important feature of difference is the larger size of the monophyllic auxiliary 
saddle. This saddle is united with the preceding lateral one, thus forminq a kind 
of suspensive lobe, and is not distinotlp separated from it by the firet auxiliary 
lobe. I n  D. Floweri, as in D. neojureneis and in D. debilds, the auxiliary saddles 
are considerably smaller, dwindling down to rather insignificant elements of the 
sutural line, but they are not united into a sloping suspensive lobe. 

There are no other European triassic species of the genus DiroophylZites to 
whioh the present one might advantageously be compared. D. pumilus V. Xojs., 
D. despeotzes v. Mojs., D. Qnvalidue v. Mojs. are all dwarf speoies. So are the three 
trbssic species from Sicily, which hare been described by Glemrnellaro as 
D.&tlimie&s, D. Laubei and D. Jacquoti ( I  cefalopodi del Trias superiore, 
della regione oocidentale della Sicilia, Palermo, 1904, pp. 294-297). D. debilis 
v. Hauer has triphyllio saddles. D. occultus v. Mojs. agrees with D. PZowe?-i in 
the general arrangement of the sutures, but is provided with Gn abnormal body- 
chamber. 

An Indian species to whioh the present one bears a remarkable similarity 
in its external shape is Biscophyltites Ebneri v. Mojs, (Himhlayan Foss. Palaeont. 
Ind. aer. XV, Vol. 111, Pt. 1, p. 116, P1. XIX, fig. 6). I should, indeed, be at a 
lose how to distinguish them without an examination of their sutural lines, in 
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whose details considerable - differenoes are noticed (vide Himtilayan Foss. 1. c. 
Vol. V, Pt. 1, Pl .V, fig. 5). 

Fam. : PINACOCERATIDA%. 

Gen. : PINACOCER AS v. Mojsisovios. 

YINACOCERAS sp. ind. aff. REX Mojs. 

In the fauna from exotio block No. 2 the genus Pinacocerm 8. 8 ,  is 
represented by several specimens, all of them too imperfectly preserved to permit 
a specifio determinefion. Thoy are distinguished by slowly increasing volutions, 
with wide umbilici, thus reoalling the group of P. vex v. Mojsisovios 
(Cephalopoden der Hallstsetter Kalke, Abhandl. K. K. Qeol. Reichsanst. VI-1, 
p. 65, Taf. XXIII,  figs. 8, 9 ; XBIV, fig. 8) from the Alpine trias. Several forms 
belonging to this group have been described from the triassic rocks of Sioily by 
Qemrnellnro, especially P. ~ i t t e i i  Gemm. ( I  cefalopodi dcl t rias superiore della 
paste occidentale della Sicilia, p. 283, P1. IX, fig. 20 ; X, figs. 3, 4) and P. Haueri 
Gemm. (ibidem, p. 289, 1'1. XIX, figs. 1,  2 ; IX, figs. 17, 18, 19). 

That our Indian species does really belong to the group of Pinacocerae rex 
is evident from the character of the sutural line, which I have been able to trace 
in a fragment which is otherwise too poorly preserved to allow a reconstruction 
of the original shell. In  common with P. rex this fragment has the circular 
arrangement of lobes and saddles, the apex of the curve coinciding with t\le 
innermost adventitious saddle. There are six adventitious saddles present, all of 
which are distinotly diphyllic, in sharp contrast to t l ~ e  pyramid-shaped m i u  
saddles, which ooour to the number of two, exactly as in P. 9-ex. 

Gen. : PLACITKS v. AIojsisovics. 

PLACITES cf. PHXAUCTUS V. Mojsi80vics. PI. IX, fig3. 3, 4. 

The majority of the species of Placitee, belonging to the group of PI. platy- 
phyllu8 v. JZojs., are distinguished by the presenoe of two adventitious lobes and 
saddles. 'i'here is only one Alpineespecie~, PI.  perauctu.8 v. Mojsisovics (Cepbalopoden 
der Hallst,aetter Kalke, Abhandl. K. K. Geol. Reicl~sanst. V1-1, 1). 63, l'af. XXT, 
figs, 7-8), in whose sutural line a larger number of adventitious lobes and saddles 
has been aevtlloped. The typical form of Placites perauctus has been oollected 
in the norio Hallstatt limestone of t l ~ e  Sommeraukogel, but tgpcs closely related 
are already found in the julic deposits of the Salzkammergut. They are only 
imperfectly known and have been described odrsorily as PI, cf. perauctus by E. v. 

. . 

Mojsieovics (1. o. p. 53). 
: Types very closely allied to Pi. perauctus have also been met, with in  the 

H i d l a y a n  trias. A chambered fragment measuring one half volutioa, from the 
B 
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upper Daonella beds of the Bambanag section, has been mentioned by E. v. 
Mojsisovica (Upper triassio cephalopod fauna of the Himtilay-, Palseont. Ind. 
aer. XV, Him61 Pose. Vol. 111, Pt. 1, p. 111, PI. XVIII, fig. 9) ae Placdtes ep. 
h d .  a$. peraucti. A similar fragment has been discovered by myaelE among 
.the materiah collected by Smith in  the Tropites limestone of Lilinthi ( H i d .  
'Eoss. 1, c. Vol. V, Pt. 1, p. 187, PI. XXV, fig. 6). To these fragmentary examples 
several better preserved specimens have been added recently from the fauna of 
exotic ' block No. 2. They undoubtedly ere related to Placiter pwauctue, 
not to PI. Oldhami v. Mojsisovics, as is shown by the occurrence of three 
adventitious lobes and saddles. The lobes are aa deeply incised and the 
saddles netlrly as richly serrated as in the typical form of PI. peraocctue. The 
number of auxiliary lobes is not exwtly known to me. 

The measurements of the two specimens figured are as follows :- 
Fig. 3. Pig. 4. 

Diameter of the ebell . . . . . . . 67 mm. 35 mm. 
,, ,, ,, umbili0n8 . . . . . . . O , ,  0 ,, 

I dare not identify my specimens with the typical Placitee perauctue. The 
type-specimens from the Sommerankogel are all of w e  size, showing a diameter 
of the last volution from 100 to 1.34 mm. The only Himlilayan example of aimilm 
dimensions is a body-chamber fragment, in which a height of 55 mm. corresponds 
t o  a thickness of 17 mm. It is, however, not the more slender and c o m p r d  
shape of the whorl but rather the difference in the shape of the crose-section on 
which I am inclined to lay a special stress. 

I n  the typical Placite,~ perauctece the flanks run nearly parallel from 
the siphonal shoulder to the umbilical region, whereas in my Himtilayan fragment 
they converge strongly towards the latter. Whether this character is suEcient 
for a speci6c distinction cttn only be decided after an examination of larger 
materials. For the moment it will be preferable to mention the Indim species as 
Placitee cf. perouctus, but without insisting on an identification with the Alpine 
form from the carnic Halhht t  limestone of the Roethelstein. 

TROPITOIDEA. 

' Qen. : D ~ ~ C O T R O P I T ~ S  Hyatt and Smith. 
1906. Discotropitea Hyatt and Smith. The triarrip Cepbrlopod genera of Amerior, U. S, Goo]. hq 

Profmional Papere No. 40, p. 69. 

I n  1877 A. Hyatt (in Meek, U. 8. QeoL Exploration 40th P a d ,  Vol. w, 
p. 126) introduced the generic name of Batomooercss fora  t&,ssic Armpo~lit~ 
from Nevada, which E. v. Mojsiaovics considered aa the nare8t ally to the Alpiw 
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&?~?Wnift?8 ealzdlirrgende v. Hauer. Thus the generic name of Bzctmoceras was 
assigned by him to the European group of AmmonCtm eandlingensis and was, 
on his autllority, accepted unanimously in this interpretation. 

A re-examination by Hyatt and Smith of the type-specimen of Eutomoceraa 
Lazcbei Meek, the American prototype of the genus, led to the surprising res-dt 
that the American Ammonite was a member of the section of Ceratitoidea, showing 
close affinities to Hungarites v. Mojs., but differing widely from Ammosaitee 
eartdlingeneie, whioh is a typical representative of the longidome section of Tropi- 
toidea. Thus the grouping of the latter species with Eutomoceras Hyatt having 
been based on a misinterpretation of the true affinities of the American genus by 
E. v. Mojsisovics, a new generic designation, Diecotropites, was proposed for 
Ammonites ea4adlinge~bsis by 'Hyatt and Smith. 

It must be conceded that from Meek's memoir, in which the name Etrtomoceras 
is used for the first time, a satisfactory decision on the distinguishing characters 
of the new genus is not a t  all easy. E. v. Mojsisovics therefore did not meet with 
any opposition in applying the name to the European group of Ammonite8 sand- 
Zingensia, which ever since has been considered as the true prototype of the genus 
Eutomoceraa in substitution of the almost forgotten American species. 

The rules of priority being decidedly and indubitably in favour of the first species 
described under the generic designation of Ezctomocerae, the inconvenience of 
changing the generic name, usurped hitherto by d m  mornites sandlircgepleis, cannot 
be avoided. I feel consequently obliged to follow P. Smith in adopting the generic 
name Dhotropitee for the European form from the Hallstatt limestone, notwith- 
standing the confusion in the nomenclature of triassic Ammonites which will 
undoubtedly result from the misinterpretation of Hyatt's genus. 

DISCOTROPITE~ of. 8ANDLINGBNSIS V. Hauer. PI. VI, fig. 4. 

Ammonites sandlingenah F. v. Haner, Ueber nene Cephalopoden aoe den Marmorsohiohten roo. 
Hallstatt nnd Anseee, Haidingere Naturwiss. Abhandl. 111, p 10, Taf. 111, figs. 10-13. 

Ammonites aandlingeuaia A. V. Dittmnr, Znr Fsnns der H a l l ~ t ~ e t t e r  Kalke, Geognod. Pslaeont. 
Beitr. von Beneak~, eto., I, p. 370. 

Eutomocs+aa aand l i yenw E. v. Mujsiwvica, Die Cophalopodel~ der Ha\~btaetter Kalke, Abhmdl, 
K. K. Qeol. Reiohsgnat. VI-2, p 286, PI. CXXX, fig*. 11-13 CXXXI, fige. 1-11. 

Ewtomoceraa fl. aandlingenae E. v. Mojsiaovios, Him41. Foss. Pa!. Ind. Mr. XV, Vol. 111, Pt. 1, 
p. 49. 

E. aandlingenae Gemmellrrro, I aefalopodi del Tries euperiore dells psrte oocidentele dells Sioilis, 
p. 77, Tav. VIII ,  figs. 8-10. 

E. randlingenas I. P. Smith, The aomparntive stratigrapl~y of the marine trim of We~tern Amerioa. 
Proceed. Californian Aoad. of wimeea 3rd ner.Vol. I, p. 397, P1. XLVI, fig. 10; XLVIII, figa. 5, 6. 

Diaeotropitea sandlingenria Hyatt and Smith, Triesqio aephdopod genera of Amerlca, U. 8. Qeol. 
Surv. Ser. C. Frofens. Papem No. 40, p. 63, P1. XXXV, figs. 1-12. 

Ertomoorras of. sandlingenae Dienm, Fauna of the Tropitee limeetone of Byana, Bimdl. Foe*. 
Vol. V, Pt.  1, p. 198. 

It is a rather astonishing fad that t h i ~  wide-spread species of carnic age is 
numerously represented in the upper trim of the HimQayas, but in fragments 
only, and that no complete specimen has as yet been noticed. 

i4 2 



The only specimen known to me from exotio block No. 2 is less fmg- 
menttary and in a better date of preservation than any of the examples from the 
Tropites limestone of Byans. Its identification with F. v. Hauer's species is, 
indeed, pretty certain. It is only my aversion against an unrestricted determina- 
tion of incomplete speoimens whioh has induced me to add the designation cf. to 
th6 specific name. 

My specimen is of moderate size. One half volution and a large part of the 
umbilicus have been preserved. The sipl~onal edge is surmounted by a low and 
distinct keel. The steep umbilioal wall is separated from the flattened lateral 
parts by a sharply rounded edge. 

The ornamentation agrees almost perfectly with the delicate sculpture of the 
American example illustrated by Hyatt and Smith on P1. XXXV, fig. 3, and of 
the Alpine speoimen illustrated by E. v. Mojsisovics on P1. CXXXI, fig. 8. The 
majority of the sickle-shaped ribs are dichotomous. There i~ no angular geni- 
culation i n  tlieir gentle backward curve along the middle of the flanks. Of umbi- 
lical tubercles faint traces only have been noticed. The spiral striation is very 
delicate. 

Dimensions. 
Height of tho last whorl . . . .  27 mm. . . .  
Thickness 11 ,, 
Diameter of the umbilicus . . . . . . . . 7.5 ,, 

Sutures.-Not known in detail. 
Remavk8.-Discotvopites saradlingeusis is one of the leading fossils of 

the zone of Tro9itea szcbbullatw in the Eastern Alps and in California, but it has 
also been met with, although very rarely, in the geologically older (jnlic) Ellipti- 
cw beds of Aussee. 

Gen. : TROPITES v .  Mojsisovics. 

TBOPITES cf. SUBBULLATUS V. Hauer. P1. VI ,  fig. 9. 

1849. Ammonites subbullatua F. v. Hauer, Ueber neoe Cephalopoden an8 den ~larmorschicl~ten von. 
Hallhtatt und An~aee, Haidingera Naturwisa. Abhandl. 111, p. 19, Taf. IV, fig*. 1-4 (non 5-7). 

1893. Tropites su6LulEutu~ E .  r. Mojsisovicr, Die Cephalopoden der Hallstaetter Kalke, Abhandl. K .  K., 
Geol. Rrichsanrt. VI-2, p. 187, Tef. CVI, 'figs. 1-3, 5, 7 ; CVII, figs. 1-8 ; CVIII, 6gn. 1-6 ; CX, 
fig. 6 .  

IPOS. Tropites aubbullatuo, Hgatt and Smit l~ ,  Tria~sic cephnlopod genera of America, U. P. Geol. 
Surv. ser, C. Prof. Pap. No. 40, p. 67, P1. XXXIII ,  fige. 1-7 ; ;XXXIV, figs. 1-14 ; LXXIX, figa 
1-10. 

1W6. Tropitea sul6uZlotrcs Diener, Fauna of the Tropites limestone of Byans, Rimll. Fors., Vol. V, 
Pt. I. p. 146, PI. IV, figs. 6-7. 

lorn. Tropitea cf. aubbilllutnr Diener, Lndinic, carl~ia and no~ic  fannre of Spiti, ibid., Vol. V, Pt. 3, 
PI. XIV, figs. 2, 3. 

There are only three fragmentary casts of inner nuclei available for examina- 
tion. Altll~ugh more or less deformed and damaged they show a remarkable 
resemblance in shape and. ~culpture to Tropitee ~ubbullntue. Tile whorls are con- 
~iderably thicker tllan high. I n  one of my casts t h e  siphonal part ,  has been 
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preserved stltisfootorily enough for illustration. It exhibits'the low median keel 
towards which numerous straight ribs oonverge at  steep angles. 

Altl~ougli i t  is not possible to establisll the identity of the Indian fossil with 
the European species, the presenoe of the group of T. subblcllatwt in the fauna of 
exotic block KO. 2 has been asoertained. 

TBOPITES sp. ind. aft'. ACUTANQULO v. Mojs. P1. X, fig. 3. 

1903. Tropitcs af. aeutangulus A. v. KratTt, Mem. Qeol. ~ n r v .  of India, XXXII, Pt. 3, p. 143. 

The figured specimen belongs to all appearance to a species nearly allied to 
Tropites acuta~lgullcs v. Mojsisovics (Cepbalopoden der Hallstaetter Kalke, 1. c. 
VI-.2, p. 203, Taf. CXII, figs. 1, 2). I t  is not sufficient for an exact determina- 
tion, the outer wliorls only having been preserved. 

The cast, which has been partly injured by weathering, agrees in its size and 
shape with the type-specimen from tlie Subbullatus beds of the Salzkammergut and 
belongs probably t o  an adult spooimen, in which a small part of the body-chamber 
only is wanting. I t  differs from Tropites aczlta~rgulus by tlie regularity of its 
involution, the umbilical suture not leaving the normal spiral. Height and thick- 
ness of the last volution increase slowly, but quite regularly, from the 
beginning of the whorl to t l ~ e  very aperture. The oross-seotion agrees exactly 
with that in T. acutangtslzls, being only a little wider than high. 

I n  its sculpture our specimen shows a remarkable resembltlnce to T. acutan- 
gutus. The ribs are numerous and sharp and exhibit an angular geniculation out- 
'side the umbilical margin. I n  the anterior half of the last volution all the ribs 
are simple and undivided. I n  the posterior half of this whorl t11e soulpture has, 
unfortunately, suffered considerably from weathering along the umbilical margin. 
I t  cannot be deoided, therefore, whether or not sharply edged umiblicnl'tubercles 
have beenpresent, but from the direction of the ribs i t  is obvious that the majority 
of them dichotorriised i n  the umbilical region. No secondary bifurcations have 
bee0 notioed in the marginal region. 

Although the siphonal part has been severely damaged, I have been able to 
state the presence of a keel, accompanied by a distinotly marked keel-furrow. 

Diameter of the rhell . . . .  . . . . 69mm. 

,, ,, ,, umbi l iou~ . . . . . . . . a7 ,, 
Height, of tlie last above the umbilical suture . . . . . ab. 48 ,, 

volution ,, ,, preceding whorl . . . . . ab. 21 ,, 
Thickness of the last volution . . . . .  • 82 ,, 

Szstu~e8.-Kot known. 
Remarks.- 8pecies very olosely allied to Tropites acutang?~ltre have been 

mentioned from the Tropites limestone of Byans by E. v. Mojsisovics (Himhlapan 
Foss., Vol. 111, Pt. 1, p. 46, PI. XI, fig. 4) and by myself (ibid,, Vol. V, Yt. 1, 
p. 61). As they are represented by specimens still more fragmentary than the 
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present one, their specific identity with the form here described cannot be- 
ascertained. 

T ~ o ~ r r s e  sp. ind, aff. WODANI v. Mojs. P1. VI, fig. 11. 

A fragmentary cast of a small species of Tropites recalls in its external 
characters I! Woda~ri v. Mojsisovics (Cephalopoden der Hallstaetter Kalke, 
Abhandl. K. K. Geol. Reichstmst. VI-2, p. 321, Taf. CXVI, fig. 6). I t  agrees witb 
the Alpine type-specimen in size and in the shape of the transverse section. The 
volutions are oE equal height and thiokness, the flattened lateral parts being 
separated from the high and perpendicular umbilioal wall by a sharp edge and 
passing gradually into the rounded external part in a very regular curve. 

The delicate ribs originate in pairs from faintly developed umbilical nodes. 
Thep are nearly straight and turned forward very strongly on the siphonal area, 
thus meeting the median keel a t  acute angles. 

The presence of Tropites Wodani in the Tropites limestone of Byans ( H i d l .  
Foss., Vol. V, Pt. 1, p. 152, P1. V, Bg. 6) is in Favour of a closer comparison of this 
undeterminable cast with the Alpine species from Aussee. 

ANATBOPITES cf. SPINOSUS v. Mojsisovics. P1. VI, fig. 10. 

1893. Tmpites (Anatropites) upinosus E. r. Mojsiwrias, Cephalopoden der Hallstaetter Kelke, Abhandl. 
K. K. aeol. Reichsan8t. VI-2, p. 226, Taf. CX, fig. 2. 

1902. Tropitea aff, *nobtu A. r. Krafft, Mem. Qeol. Burv. of India, Vol. XXXII, Pt. 3, p. 143. 

The figured specimen, tolerably well preserved, is a typical representative of 
the group of Tropites spkod (Bmtropitee), as is shown by the large thorns 
adorning the umbilical edge of its inner volutions. In the last volution, which 
forms part of the body-ohamber, the umbilical thorns are I-eplaced by tubercles, 
from which faint radial ribs arise, which become obsolete before reaching the siphonal 
part. The median keel is comparatively high and sharp, but not accompanied by 
lateral furrows. 

My specimen agrees so closely with the Alpine type of Afiatropites epinoaete 
that I should have ventured on a direct identifioation, if the inner whorls of the 
Himdayan example had been preserved more completely. Although the latter 
is slightly inferior in size, its proportions and sculpture agree almost exactly. The 
thickness of the last volution is considerably greater than the height, but is equal 
to the width of the umbilicus. 

Seventeen umbilical thorns or nodes tire counted within the airoumference of 
the last volution, 

From Tropites (Ancctropitee) Adalgi v. Mojsisovics (ibid., p. 226, Tef. OX, 
fig. 3) our specimen is distinguished by the greater height of its whorls and by 
its less strong1 y depressed external shoulders. 
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Diemetex of the shell . . . . . . . . .  ' 83.6 mm. . . . . I .  urnbilious . . . .  . l O , ,  

He!ght ] o f  tho bst  volalo~au . . . . . . .  7 a . i  , 
T h ~ o k o t ~ ~  ' 10 I, 

Saatzsre8.-Not known. 
Remark&.--AncaCropite8 8pin08~8 is a very rare Specties in the julic shge of 

%he Salzkammergut, One single speoimen only has been quoted by E. v. Moj- 
aisovics from the Ellipticus beds of the Roethelstein. 

ANATBOPITES PILQBIMII QOV. sp. PI. VI, figs. 6, 7 ; IX, fig. 5. 

That this speoies belongs to the genus Tropitee, not to Tropiceltitea, is proved 
by the cliaraoter of its sutural line, which, although not entirely known, is 
deoidedly doliohophyllic, not clydonitic. It is, however, less easy to fix its system- 
atio position among the five groups whioh have been distinguished among the 
genus (rropites by E. v. Mojsieovics, and to whioh even a subgeneric rank has 
been attributed by that learned author. 

The inner volutions are not adorned with proper thorns along their umbilical 
edgee, but rather with very broad and stout ribs. A similar type, Tropites Geyeri, 
has been grouped with the subgenus ~ ~ t r o p i t e 8  by E. v. Mojsisovics. Our 
species, indeed, agrees with typical representatives oE this subgenua in the majority 
of its leading features, especially in the exterml shape, which recalls Tropjueltitee, 
and in the gradual weakening of the ornamon tntion in the outer whorls. 

Three fairly well-preserved examples, consisting both of i w r  nuclei and body- 
ohambers, are available to me for examination. They are provided with numerous, 
slowly increasing whorls, whioh leave a wide umbilicus open. The transverse 
.section is wore strongly oomprossed than in 8. Geyeri and higher than thiok. 

In the inner volutions the soulpture consisto of strong umbilical ribs, whioh 
are but exoeptionalIy elevated into obtuse tubercles near the umbilicsl edge and 
die out gradually towards the external shoulders. Some of them, although 
thinning out into delicate folds, reach aoross the siphonal area to the median keel, 
which is 4igh and sharp. The body-ohamber whorl is distinguished by its more 
delicate ornamentation. The umbilioal ribs are reduoed to obtuse nodes, and tbe 

b 

delioate fdds are arranged in crescents with their oonvex$y turned backward. 

Dimend one. 
Diameter of the rhell . . . . ~ . . . . .  83 mm. .. . . . . . .  umbilicue . . .  11 

+Strturee.-Not known in detail. Siphonol lobe narrow, with two diverging 
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points a t  its base, which are separated by a low median prominence. Yiphonal 
saddle large and dolichophyllic, as in typical species of Tropites. 

I&emas.h.-Among Alpine species of Anatropites A. Geyeri v. Mojs. is certainly 
most nearly allied to the present one. It is less strongly oompreaeed, provided 
with more slowly increasing whorls, and exhibits a large ulubilicus. But otherwise 
the two speoies agree pretty well in fbeir general shape and ornamentntion, espeoi- 
ally in the reduction of umbilioal thorns, whioh are replaced by stout ribs. 

From the triassic rocks of Sicily two speoies with a similar ornamentation 
have been dosoribed by Gemmellaro, namely, Anairopites Mojsisovicsi Qernmellaro 
( I  cefalopodi del trias superiore della regione occidentale della Sicilia, p. 123, Tav. 
VII, figs. 40-42) and A. Frechi Gemm. (ibid., p. 120, Tar. XXV, figs. 13-15). But 
both of them are easily distinguislied from the Himalapan form t)p their com- 
pr-d and slender shape, especially A .  Moj&soeicsi, which has a very large 
urnbilious and numerous radiating costse. 

Oen. : MARGARITES v. Mojsisovics. 

MABGABITEEI IRREGULARICOSTATUS nov. sp. P1. VI, fig. 8. 

This species represents a type of the group of Murgarites urtispino&, which is 
distinguished froin the most closely related forms of the Alpine trim by the - 
irregular character of its sculpture. 

My type-specimen, which is fairly well preserved and provided with a part of 
its body-chamber, shows slowly increasing nnd low wliorls of a nearly quadrangular 
section, thus recalling Marg. subaucttbs v. Nojsisovics (Ceplizalopoden der 
Hallstaetter Kalke, 1. o. T71-2, p. 305, 'l'af. CXCV, fig. 17). 'l'he external keel is 
low and not crenuhted. 

The ornamentation of the inner whorls is distinguislied by the lack of umbili- 
oal tubercles, aud by the alternatio~i of stout primary and drlicate srcondary ribs. 
The stouter ribs are disposed at considera1)le distances and elevated into marginal 
spines. Their direction is not exactly radial but slightly turried backward. The 
delicate secondary ribs, which are of irregular strength and number, are directed 
baokward more strongly, thus il;cludiug an acute angle with the primary costae. 
On the last volution the disposition of primary trrrd secondary ribs is much more , 
irregular. The developme~ t oE margin11 spines or tubercles is no 1ongt.r conbed  to 
the primary ribs, some of which c,ccasionally bifurcate. This tendeucy towards 
bifuroation is also exhibited in some of the secol~dary ribs, wlricli are of very 
different.strength and number and occasionally O F  an undulating direction. 

There is no ~pecies of Havgarites known to me, either in the oarnic 
H a b t a t t  limestone of the Salzknmmeruut, or among the triassio fauna of Sicily, 
wlucll for irregularity of ori~aruentstion can be compared with the present 
one. 
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. . .  . . . . . . .  Diemeter of the ehell 23.5mm. 
" . . , ,  , nmbilions . . .  . 10 . 

=aht 1 of the lut mlution . . . . . .  - 7 ,I  

Thioknecle 8'6 ,, 

 suture^-Not known. 

JOVITES cf. SPEOTABILIS Dien. P1. V, fig. 1. 

1908. JoDiter spectabilis, Diener, WUM of the Tmpitea limestone of Byam, HimU. Pour. Palmont. Ind. 
ser. XV, Vol. V, Pt. I ,  p. 123, P1. XVI, fig, 1; PI. I X ,  fig. 10. 

1907. Jmites qectabilis, Diener, Ldnic ,  carnio, and noric fannm of Spiti, i b d . ,  Vol. V, Pt. 3, Pi. XV, 
fig. 3. 

The speoimen figured is a m t u r e  example of a species of Jmitee with a very 
distinot umbilical opening of the body-ohamber whorl. I t  is partly crushed and 
no exact idea of its transverse section can be formed from its outlines. It could, 
however, be ascertained that the greatest inflation corresponds to the commence- 
ment of the last volution, and that in the vicinity of the aperture a second, although 
moderate, inflation and widening of the external part follows the compression of the  
body-chamber. 

The siphonal part has not been preserved well enough to state whether or not 
a keel-like median projection has been developed. The opening of the umbilicus is 
very considerable. Indeed, it expands so oonsiderably that the height of the 
transverse section does not inorease throughout one half of the entire length of the 
last volution. 

I n  its general character and ornamentation this speoimen agrees very closely 
with the type from the Tropites limestone of Byans, to which the name J d t e e  
epectabilie has been assigned by myself. The sculpture consists of stronger ribs 
than in J. d a m  v. Mojs. or J. dacifomG Diener. Dichotomising ribs are noticed 
in the posterior half of the last whorl, although rather exceptionally, but are entiroly 
absent in the anterior portion, where they are arranged at larger distances and 
become sharpened. 

De'rnewions. 
Diameter of the ehell . . .  . . . . . . . . . .  81 mm. .. . . . . . . . . .  .. .. ,, ambilkma 23 
Height of the la& volution . . . . . . . . .  29 .. 
Thicknem at the oommencement of the Imt whorl . . .  31 .. 

Suture8.-N ot known. 



As a specific distinction between Jovites epectabilis and J.  boeltenois can only be 
based on essential differences in the srltural line, I have not ventured on a direct iden- 
tification of the present speoimen, although there are some strong reasons in favour 
of its idenbitg widh the nim&layan species from the Tropites limestone of Byana . . -  
and Spiti. 

JOVITE~ DACIFORMIS Diener. Y1. V, fig. 2 ; VII, fig. 8. 

1908. J o v i t e ~  daciformis, Diener, Fauna of the Tropites limestwe of Bganr, Pal. Ind. aer. XV, H i d .  
Fosa. Vol. V, Pt. 1, p. 119, PI. XV, figs. 5-10, XVI, fig. 2. 

Two inner nuclei in a satisfactory state of preservation, and two internal casts 
with fragments of the body-chamber adhering, agree so closely with Jovitea 
dueiformi8 from the Tmpites limestone of Bj am that I do not hesitate in ideiltify- 
ing them. 

The two figured casts are strongly globose and broader than high, with closed 
umbilici. The numerous bifurcating ribs oross the keel-like median projection of 
the siphonal part. 

The sutures agree with those of Jovitee dcacifo~mis, not with tboso of J .  dacus 
v. Mojs. The lateral leaves accompanying the stems of the high and slender saddle 
are arranged obliquely to Lhe axis of the latter. 

The presence of Jovites daciforrnis in the fauna of the exotio blocka of Malla 
Johar having been established, there is some probability of the two fragments 
collected by myself i n  the l<io,oarh range, aouth of Sangclla Talla, in 1892, and 
described as Jovites raov. q. ex afl. bosnerask by E. v. Mojsisovics (upper triassic 
cepllalopod fauna of the Himtilagas, Pal. Ind. ser. XV, Himilapan Foss. Vol. 111, 
Pt. 1, p. 18, PI. IX, figs. 4, ti), belonging also to this species. Their only diffelwnce . 
consists in the smaller number and somewhat greater strength of the ribs, but the 
range of variation with reference to this feature is so large in J.  daci$ormis, as well 
as in its European representative, J. dacw, that it can barely be considered 
sufficient for justifying a specific separation. 

JOVITES nov. sp. ind. P1. IX, fig. 6. 

The figured fragmentary cast belongs to all appearance t o  a species of Jovitee 
which is distinguished from all oongeneric forms by the absence of any external 
ornamentation. It was provided with low and moderately inflated whorls. The 
egression of the umbilicus, which is not as widely expanded as in the group of 
Jmitee dacus Mojs., oorresponds to the beginning of the last volution. 

I n  the transverse section- the prqence of obtusely rounded siphonal shoulders 
is a remarkable feature. . The siphonal mea is hroad and flattaned. The faint, 
keel-like projection in the middle of the siphonal part extends to the end of the last 
whorl. 

The surface of tho cast is entirely smooth and devoid of any kind of scdpture. 
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Dimensions. 
Diameter tb  the shell . . . . . . . 4 4 m m .  

,, ,, ,, umbiliaw . . . . . . . .  6 ,, 
He!ght of the laat rolntioo . . . .  . .  19 ,, 
Thloknem ab. 26 ,, 

8z;atures.-Not known. 

Remnrka-There is no European species of Jovites known to me to which 
the present specimen might be oompared. ' Its inoomplete state of preservation 
prevents p e  from introduoing a new specifio designation. 

Qen. : JUVAVITES v. Mojsisovioe. 

JWAVITES KEAFFTI nov. sp. P1. VII, fig. 3. 

This speoies belongs to a group of Jwvavites i n t e r ~ u ~ t b ,  which is distin,ouishd 
by a gradual obliteration of the soulpture in the body-chamber of adult individuals. 
its nearest allios in the Alpine trim are Juvaviteu nepoti, v. Mojsisovics (Cephn- 
lopoden der HtaUstaetter Kalke, 1. o. VI-2, p. 92, Taf. LXLI, fig. 1 2 )  and J. 
v. Mojsisovics (1. o. p. 93, Taf. CXXIX, fig. 20). There is also a great external 
resemblance between the figured speoimen and Jzcvavites (Amtomitee) Halavatdi 
v. Mojsisovics (1. o. p. 99, Taf. CXXIX, fig. 23), but the absence of any paulostoms 
furrows or ribs in the Himilayan type peremptorily forbids its identification with 
representative of the subgenus dnotomites. 

At the beginning of the last volution the whorls are semiglobose, being con- 
siderably b d e r  than high. I n  the anterior half the height of the volution 
increases more rapidly than iis width. Thus the transverse section of the aperture 
appears to be oompressed and provided with a very narrow external part, whereas 
it is broadly rounded in the chambered portions of the shell. 

The sculpture on the two halves of the shell corresponds exactky, but is 
interrupted along the median line of tlie external part by a narrow, smooth zone, 
which is reached by the lateral ribs with very steep angles. This interruption of 
the saulpture does not result from an obliteration of the ribs, but from a gradual 
olevation of the interoostal furrows. The median zone of the external pnrt is 
thereFore elevated above the geneml level of the shell. Where tlie elevation of the  
intercostal furrows is not euffioiently high to obscure the ribs, the latter are seen to 
oross the external part, meeting from both sides at very obtuse angles. 

p e  posterior part of the last volution k covered witdl numerous high and 
narrow ribs, whioh are slightly ourved and separated by deep atld broad intercostal 
valleys. Their arrangement is mt&er irregular. Two stem-ribs are simple but 
accompanied on either side by intercalated ribs. The r a t  are forked ribs. They 
are either dichotomous or united into fasciculi with R tripnrtite arrangement. 

P 2 



The change in the traneverae m t i o n  of the last whorl ooinoides with a oomplete 
change of the soulpture. The numerous and strong riba k m e  obliterated rather 
-rapidly. The ornamentation of the anterior half of the ehell, whioh probably . 

belongs to the bodyshamber, ie reduced to a 1 1 d 1  number of broad and indistinct 
folds. Ot,hernise this portion of t,he shell is entirely smooth. S o  traoee of 
tubercles have been noticed, either in tbe umbilical or in the marqinal reyion. 

Diameter cf the shell . . . . . . . .  80 mm. 

nmbilimq 6.5 , . . . . . .  . . . . . . . . .  
Heieht of the ( above the umbilical ~utnre  . 41 .. . . . . . .  . . . .  last voln'ion 1 preceding whorl 20 

Thirkne~s of th3 la& volotion . .  96 

JTJVAVITE~ DOGRANCS nov. sp. PI. V, fiq. 3. 

This specieq, which is represented in  the Him6layan collection by the figured, 
incomplete specimen only, is very nezrly allied to the preceding one, from whioh 
i t  differs hy ita smaller size, more stronyly compressed shape, and more cloeely 
set ribs. 

The transverse section of the last volntion changes considerably, being ellip- 
tical a t  the beginning, whereas it is of nearly triangular shape at the aperture, faint 
rounded angles forming tbe boundary of the gently curved external part. The 
umbilicus is deep, but very narrow. 

The rihs are more numerous and developed less strongly than in Juvaviter 
Kraffti. The smooth band, which interrupts the sculpture along the median gone 
of the external part, is comparatively broad. Its elevation does not reach the 
height of the lateral rihs. 

The rihs are arranqed almost symmetrically on bolh sides of the shell. Some 
of them cross the external part in uninterrupted cuives, which are slightly turned 
forward. The ornamentstion is ratl~er irregular. At the beginning of the last 
rolution simple rills alternate wit11 bipartite, tripartite, and quadripartite ones; but 
in the anterior portion of thiu whorl the majority of the ribs are dichotomoue, and 
a simple r ih ,  which is restricter1 to the marginal region, is often interealafed 
between h o  $tern -ribs. 

Ae in .Juuavites Krafti ,  the sculpture becomes obliterated completely in the 
vicinity of the aperture. But this obliteration does not coincide exactly with the 
beginninq of the body-chamber, the last two septa being situated within tho e~nooth 
region of the shell. 
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Diameter of the shell . . .  . . . . . 62 mm. 
,, ,, ,, urnbilious . . . . . . . . . 4 , ,  

Height of tho above the umbilical suture . . . .  . . 34.6 ,, 
lut rolotian { ,, ,, preading whorl . . . . 20.6 ,, 

Thioknees of the last volution . . . . 24.6 ,, 
at the beginning of the imt whorl . , . .  16 ,, . 17 ,, 

Sutures.-The sutures, as far a9 known, agree we11 with those in typical spmies 
-of Juuaviteu. Saddles elongated and dolichophyllic. Siphonal saddle terminating 
in rounded phylla, imparting to the apex a rounded aspect, whereas in t.he princi- 
pal lateral saddle the median phyllum is considerably longer than the adjoining 
lateral leaves. 

Principal lateral lobe bipartite, its two short diverging points being divided by 
a mesial indentation. Auxiliary series not accessible to observation. 

Remarks.-A species, which is probably very nearly allied to the present one, 
is Juvavites tunkinensis Diener (Note sur deux esphces d'Ammonites triasiqnes 
du Tonkin, 13ull. Soc. g60l. de France, 3e. s6r. XXIV, 1896, p. 883), from the upper 
basin of the Black River in Tonkin. There is a very close agreement in the sculp- 
ture, with the only exoeption that the ribs are curved forward more strongly on 
the external part of the Indo-Chinese form. Near the aperture of Juvavites t o n k h ~  
the ornamentation is also obliterated, but the transverse section of the lsst volution 
is not subject to any ohange throughout the entire length of the last volution, the 
anterior half of which belongs to the body-chamber. 

A specie8 nearly allied t o  Jzcvavites tonkinen& as well aa to the present form 
h s  also been noticed from the upper Daonella beds of the Central Himslayas, but 
its unsatisfactory state of preservation does not allow a closer comparison. 

JUVAVITE~ sp. ind. ex aff. SUBINTEBBUPTO V. Moje. P1. VII, figs. 4, 6. 

Two fragmentary casts belong to a globose form from the group of 
Juvatiites i n  terrupti, and, chiefly by the chartrcter of their sculpture, they reoall 
J.  subbterrzcptm v. Mojsisovios (Cephalopoden der Hallstaetter Kalke, 1. o. VI-2, 
p. 90, Taf. LXXXIX, fig. 13; XC, figs. 2, 3 ; CXXVI, fig. 16) from the carnie 
stage of the Hallstatt limestone. 

No traces of septa having been preserved, I cannot decide whether or not the 
two specimens were provided with their body-chambers, althougb from the character 
of their ornamentation I am inclined to oonsider them as nuolei rather than as ndult 
individuals. They are robust and strongly globose, much more so indeed than 
any of the Alpine or Sicilian species of this group. There is no ahange in the shape 
of the transverse section from the beginning of the last volution to the aperture. 

The direction of the ribs is nearly radial on the lateral parts, but faintly curved 
or flexuous. The majority of the ribs are dichotomous, bifurcating at a point situated 
about one-third of the height of the whorl, but in a small number of ribs a & c o d  
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bifurcation is noticed in the marginal region. I n  the middle part of the last volu- 
tion of the specimen illustrated in fig. 6 a bundle of ribs is formed by the coales- 
cence of two forked stem-ribs near the upbilical margin, but this bundle is not 
accompanied by any paulostome furrow. Borne intercostal valleys appear, indeed, 
to be a little larger than the adjoining ones, but they are not true paulostome furrows. 
The differenoe between the broader and narrower intercostal furrows is oertainly 
smaller than in Juvavites anatomitoidee Oemmellaro (I cefalopodi del trias superiore 
della partg occidentale della Sicilia, p. 186, Tav, XVIII, fig. 60), which is, neverthe- 
less, a typical species of Juvavitee 8. 8. 

The ribe are not arranged symmetrically on both sides of the shell and are 
interrupted along the middle line of the external part by a comparatively broad, 
smooth band. They terminate very abruptly, the smootll zone not correspond- 
ing to a gradual elevation of the intercostal valleys. 

Dherc~one.  
Fig. 6. 

Diameter of tbe shell . . . , . . . . . 42 mm. 
,, ,, ,, umbilicus . . . . . . . - - 6 ,  

Height of the above the nmbilicnl suture . . . , . . . 9'2.6 ,, 
last rolution { ,, ,, preceding whorl . . . . . . . 16 ,, 

Thickness of the last volution . . . , . . . . t.0 ,, 

Suture8.-Not known. 

JUVAVITES nov. sp, ind. (GBOUP OF CONTINUI). P1. TX, fig. 8. 

The sphseroidal shell represents the chambered nucleus of a small species of 
Jwauites. The laat septum corresponds to the aperture ; little fragmente adhering 
to the external part at  the beginning of the laet volution form a part of the body- 
chamber. 

The whorls are considerably wider than high and are oovered with numerous 
forked ribs. The majority of the ribs are dichotomous. One bundle formed by the 
coalesoence of two forked stem-ribs immediately outside the umbilical margin and 
two simple, undivided ribs have also been noticed. The dichotomous ribs bifurcate 
a t  a point about one-third of the height of the whorl. 

The nibs are arranged symmetrically on both sides of the shell, and are united 
in the middle of the broad siphonal part without any interruption. I n  crossing the 

- siphonal part they describe a flat curve, with its convexity turned forward, but 
there is no geniculation a t  the plaoe where they meet from both sides, as in 
Jacvavitea gastrogonizcs v. Mojsisovics, or in the unnamed speoies from the carnie 
Hallstatt limestone which has been illustrated by E. v. Mojsisovics on PI. 
LXXXIX, fig. 9, of the " Cephalopoden der Hallstaetter Kalke" (Abhandl. K. K. 
Qeol. hichsanst. VI-2). 

,Uthough the ribs are not interrupted along the median zone OF the external 
part, they appear to be considerably lower than in the flanks, onaooolrnt of a 
g r a d d  flattening of the intercostal valleys. 
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Dimensions. 
Diameter of the  shell . . . . . . . . 23 mm. 

,, ,, ,, umbilioal suture . , . . . s , ,  
Height of the above the nmbilicu~ . . .  . . . 11 ,, 

laat volotion { ,, ,, preceding whorl . . . . • 7 , ,  
Thickness of the last volntion . . . . . . . . . 20'6 ,, 

Strttcre8.- Kot known. 
Remarks.-There is no European species to which the present fragment could 

be more closely compared. I have mentioned it here espeoially in order to prove 
the presence of a form of the group of Juvaoitee continui in the fauna of exotio 
block No. 2. But no stratigraphical evidence can be gathered from its presence, 
typical species of tliis group having been distributed both in carnic and noric beds 
of t,he Alpine trias. 

1896. Qrieebachites v. Mojsisovios, Denkschr. Kaie. Akad. d. Wiss. math. nat. El. Bd. LXIII, p. 603. 
1899. Griesbachitea v. lojsisovicg Himhyan Foes. Pal. Ind. mr. XV, Vol. 111, Pt. I, p. 35. 

,The subgeneria denomination of Griesbachites has been proposed by E. V. 
Mojsisovics for zr small number of species of Jzcvavites, in which marginal tubercles 
are developed both on the body-chamber and in the inner whorls of the shell. 
There were only three typical species of this subgenus known to him, Griesbaohitee 
Xedleyanus Stoliczka (Hernoirs Geol. Survey of India, Vol. V, p. 641, P1. IV, fig. 6) 
from Spiti, of unknown age, GT. E a n J  v. Mojsisovics, from the upper Daonella bed 
of the Bambanag and Lauka sections, and GT. Kastneri v. Mojs., from the carnio 
Ellipticus beds of the Salzkammergut. The first of these three species is oonsider- 
ed as the prototype of the subgenus. 

I n  his preliminary notes on the oephalopod fauna of the Himalayan trias 
(Sitzungsber. Kais. Akad. d. Wiss., 1892, Bd. CI, p. 66) E. v. Mojsisovios united 
Juoavitee Xedleyanw with the genus Sagelbites v. Jdojs., considering the develop - 
ment of stout marginal tubercles as a featurn oE generic importanoe. I n  his 
memoir on the Cephalopoda of the Hallstatt limestone (Abhandl. K. K. Geol. Reichs- 
anst. VI-2, p. 157) he compares the Indian species to Sagenites Schadaohi v. Mojs. 
of the group of reticulati and even notioes traces of a longitudinal striation on the 
siphonal part of the cast. 

From liis later description in the Palaeontologia Indioa i t  is, l~owever, evident 
that he had been misled by au external similarity between Griesbachites Hedleyuw8 
and Sagenites. 'Ibat there is, indeed, no real affinity between this species and 
Sagenites is obvious from my recent examination of A. v. Krafft's materials. I n  
his collections from exotio blook No. 2 six speoimens of Grieebachitee are repre- 
sented, whioh are so nearly allied to the prototype of the subgenus, G. MedZepwaus, 
that they had been identilied with the latter by A. v. Krafft In several speaimens 
large fragments of the shell have been beautifully pmerved, I n  none of them 
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does the test show any traoe of retioulation or longitudinal striae. Thus the  morpho- 
logical agreement with Sagenites is not connected with any oloser affinity. 

A11 charaotei. of importanoe lead to the suggestion of a very close atfinity 
of Urieebaohites with Juvavites. Among knob-bearing forms with distinot 
marginal ear8 Juvavites Ohamissoi v. Mojsisovios (1. c. p. 94, Taf. LXXXVII, fig. 2) 
has been left with this genus by E. v. Mojaisovics, whereas a seoond one, Juuaviies 
fulrni~rde v. Dittmttr ( E .  v. Mojsisovics, 1. o. p. 136, Taf. LXXXVII, fig. l), 
hm been grouped with the subgenus h a t m i t e e ,  on aocount of some differences 
in the strength of the lateral ribs. 

To me both species seem to be related most intimately to the prototype of the- 
subgenm Griesbachites. The only feature of dietinction, whioh has been pointel 
out by E. v. Mojsisovics, is the confinement of marginal tubercles to the body- 
chamber of adult individuals in  the two last-mentioned species, whereas in  G&8- 
bachites Bedleyonwe such marginal iubercles already make their appearanoe on 
the chambered whorls. But this feature of distinction I cannot consider to be 
a very safe one. I n  Juvauites fulmimrb the inner whorls are not known. Aocord- 
ing to the description, the commencement of the last volution oorresponds 
exactly with the last septum. Tha entire periphery of this volution being adorned 
with marginal tubercles, E. v. Mojsisovics himself declares it to be an open question 
whether or not such tuberales may be developed on the inner nnoleus. On the 
other hand it is barely possible to ascertain the position of the last septum in the 
type-specimen of Juvavites Kwtneri.  As marginal ears make their apperaranoe in 
the anterior half of the lmt volution only, a very small part of the chambered 
portion of the shell only oan be distinguished by their presence. A similar diffi- 
culty of ascertaining the boundary between air-chambers aud body-chamber is met 
mith in the three Himtilayan specimens, which I hive united provisionally with 
Juvavites Kastneri. Nor have any sutures been noticed by E. v. Mojsisovios in 
his fragments of Grriesbachites Hanni, and his suggestion that they were oompletely 
chambered still laoks proof. 

Although I am a t  varianoe mith the views of E. v. Mojsisovics on the system- 
atio value of the relative position of marginal tubercles on tbe body-ohamber or 
on the l a ~ t  air-ohambers, I fully concur in his opinion tllet the forms grouped 
around Grieabachites Xedleyarzus are distinguished by characters sufficiently im- 
portant to justify a proper subgenerio designation. But I prefer to propose a alight 
change in the circumscription of this subgenus, and to include in it all forms of 
Juvauites which are distinguished by the development of strong marginal tubercle8 
or ears. 

Whether all form dietinguished by the presence of marginal tuberolea are also 
connected genetically is a question which cannot be answered at  present. Some 
knob-bearing species of Juoavites from the triasic rocks of Sicily have been grouped 
with the subgenus Amtomitee v. Mojs. by Gemmellaro. Suoh specie are d n d d t e e  
elegane Gemmellaro ( I  oefalopodi del triae superiore della parte ocoidentale della 
Sioilia, p. 241, Tav. XX, figs. 14-16 ; XXIII ,  fig. 9), d .  Bukowekii Qemm. (1. c. 
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p. 24, Tav. XI, figs. '7, 8 ;  XXIII,  fig. 8), A. Ttmaei Gemm. (1. c. p. 226, Tav. XVII, 
figs. 1 0 , l l ;  XXII I, fig. 7). All of them are provided with deep paulostome furrows 
and have the marginal tubercles restricted to the body-chamber. In  A, Timaei they 
are even oonfined to the posterior portion of the body-chamber only, whereas in 
the vicinity of the aperture the ornamentation becomes altogether obsolete. 

But paulostome ribs, the characteristic feature of the subgenus Anatomitee, 
have also been noticed in one of the most typical species of Griesbachites, i n  G. Eanni, 
by E .  von Mojsisovics. They are not known either in G ,  Bedleyanue or in Q. 
Xadtneri, but i t  must be remarked that in neither species have inner nuolei as yet 
been available for examination. 

If the examination of new materials should prove the inner nuclei of these two 
species to be devoid of paulostomes, we should be obliged to suggest t h a t  marginal 
tubercles have been acquired by different lines of Juvavitea. In  this case i t  would 
become necessary to restrict the name Griesbachites to the descendants of Juvavites 
8. 8. and to introduce a new subgeneric designation for the knob-beariug types of 
Anatomites. But then G. Hanni could no longer be left within the subgenus Qriee- 
bachites, even if the latter were taken in the narrow original interpretation which 
has been proposed by E. v. Mojsisovics. 

I n  the fauna of exotic block No. 2 the subgenus Grieebachites is represented 
by two typioal species, one of them with Alpine and the second with Indian a5ni-  
ties. Together with Cladiecites they me the most remarkable and characteristic 
elementa in the fauna of exotic block No. 2. 

G R ~ E S B A C H ~ T E S  cf. KASTNERI V. Mojsisovics. P1. VI, k. 1, 2, 3. 

le93. Juoaoiter Xartnen' E. v. Mojeisovics, Cephalopoden der Halletaelter Kalke, Abhandl. K. K. Cfeol. 
Reiahaenst. YI-2, p. 46, Trf. CLXXXVI, fig. 3. 

Three specimens, in which all oharactera have been excellently preserved with 
only the exception of the sutural line, are related so closely to the Alpine Juvuvites 
Kcstneri v. Nojs., from the carnic Elliptious beds of the Salzkammergut, that I 
cannot find any distinctive feature which might justify a specific separation. 

It ie especially the smallest specimen (fig. 1) which in its shape and proportions 
exactly agrees with the type specimen of J. Kaetneri. Its whorls are moderately 
inflated, their width being slightly inferior to the height, and they overlap one 
another as far as the umbilical margin, which is steeply rounded and separates a 
low but vertical umbilical wall from the gently curved flanks. Siphonal part 
rounded, and marked off from tha lateral parts by an indistinct marginal shoulder. 

The two other specimene differ from the smallest one by their more compressed 
shape. The whorls are considerably higher than broad. The lateral parts are 
flattened and they converge less strongly towards the external part ; the margiml 
shoulder is more distinctly marked. I n  the specimen illustrated in fig. 3 the 
moss-section of the aperture is almost reotan,& in its outlines, the siphonal part 
widening into a flattened area. 

0 



42 HIMALAYAK FOSSILS. 

As the specimen illustrated in fig. 2 ie a truly transitional shape between the 
two other types, I cannot consider these differences as oharacters of specific 
importance, but only as marks of individual variability. 

There are also some individual variations of mir~or importance shown in the 
sculpture of the three figured speoimens. The specimen illustrated in fig. 2 
in its ornamentation agree8 most nearly with the Alpine type. I t  consists of 
broad and low folds or ribs, which are directed radially in the lower half of the 
lateral parts, .but show a sigmoidal curve in the ~ioini ty  of the marginal shoulder. 
Their number is increased towards the external part, either 1)p bifurcation of the 
stem-ribs or by interoalation of secondary ribs. Some of the primary ribs are 
more strongly marked than the rest, but the differenoe in strength is only 
insi gni Bean t . 

Along the median line of the siphonal area the ribs are interrupted by a narrow, 
smooth band. Their arrangement on both sides of this median zone is rather 
irregular, alternation and correspondence of opposite ribs occurring indiscriminately. 
I n  the anterior half of the last volution the development of marginal tubercles 
sets in. Six marginal tubercles are counted in the last half volution. I n  the 
majority of tubercles a bifurcation of ribs is notioed. As a rule every fourth or 
fifth rib is adorned by a tubercle. The majority of tubercles are arranged symmetric- 
ally with the median line of the shell, but there are some exceptions from this rule. 
The ribbing weakens gradually towards the aperture, whereas the tubercles 
become stronger. 

The specimen illustrated in fig. 1 possesses broader ribs separated by wide 
intercostal furrows, but a large number of marginal tubercles, eight of which are 
counted in the circumference of the last half volution. Thus only one or tm-o 
simple ribs are intercalated between such ribs as bear marginal tubercles. 
The smooth zone of the siphonal pkt is very narrow. Some of the ribs, vhich 
are arranged almost symmetrically on both halves of the shell, even close together 
on the external area in the vicinity of the aperture. 

I n  the specimen fig. 3 there are very numerous, chiefly forked ribs. Tubercles 
are developed in a rather advanced stage of growth, and in small numbers only. 
The ribs continue increasing in strength, although becoming less numerous, to the 
very aperture of the shell. Coming alternately from both halves of the last volution, 
they are interrupted by a narrow, smooth zone along the external part, with the 
exception of the last three ribs, which close together. 

All the specimens differing somewhat from each other in their external shape 
and ominentation, but being linked together by the weement of all characteis of 
importance, they are to be regarded as varieties of one species. 

Divzeozsions. 
Pig. 1. Fig. 8. Fig. 3. 

Dinmcter of the shell . . . . . . 485 mm. 60 mm. 62 nun. 

,, ,, ,, nmbiliaoe . . . . . 6 ,, 6 ., 6 ,, 
Height OF the abore the nmbilicnl suture . - 25 ,, 31'6 ,, 80 ,, 

last riululirn ,, ,, preceding .hod . . 14 ,, 20 ,, 20 ,, 
Thickness of the lmt volution . . . 23 . ,, 20 , a3.6 ,, 
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Sutuf*es.-Not known. I have entirely failed in discovering any kace of 
septa. I t  is consequently impossible for me to decide whether my specimens am 
yet entirely chambered or provided with parh of their body-chambers. E. v. 
Mojsisovics declared his type-specimen of J. Kwtneri to be a chambered nucleus, 
but mas obliged to state that its sutural line was not known to him in detail. 

Remarks.-Although the establishment and limitation of the pcesent species 
offer considerable difficulties on account of its individual variability, I consider the 
specific identity of the three figured examples as sufficiently well established by 
their agreement in all characters of importance. The species is so closely allied 
to the European Jzsvacites (G~iesbachites! Kmtneri, that I have not thought it 
appropriate to introduce a new specifio denomination, although the question of 
identity cannot be decided without a thorough knowledge of their sutural lines, 

Among Himalayan species Griesbachdtes Hanlai v. Mojsisovics (H id layan  
Foss., Vol. 111, Pt. I ,  p. 39, P1. X, figs. 3-6) from the upper Daonella beds of the 
Bambanag cliffs and of Lauka might be taken into consideration for a closer 
comparison. Of this interesting species specimens more or lem fragmentary only 
are, unfortunately, known to us. But, as we m y  judge from the beautiful illustra- 
tions given by E. v. Mojsisovics, the large size of the umbilicus seems to be a 
remarkable feature of distinction. I n  the ornamentation the two species resemble 
each other very closely, although marginal tubercles seem to be developed more 
numerously in G .  Hami .  On the outer volution an alternation of the marginal 
tubercles oocurs by the swelling of each second rib along the marginal shoulder. I n  
some fragments even marginal tubercles occurring regularly on each rib have been 
noticed. 

The Tibetan species from exotic block KO. 2 cannot, therefore, be united with 
G .  Hanni from the triassic belt of the main region of the HimBlayas. 

GHIESBACHITES PSEUDOMEDLEYANUS nov. sp. P1. VII, figs. 1, 2 ;  IX, fig. 7, 

1902. Juvavitea (Grieabachitea) .iedleyanrts (Stoliczka) A. v. Krafft, Yem. Geol. Surv. of Indis, Val. 
X S X I I ,  Pt. 3, p. 143. 

There seem to exist a similar relationship between 'this speoies and Ordesbachitee 
Medleyanzas Stol. from the upper tiias of Spiti a,s between G.  cf. Xast~aeri and 
O. Hanni v. Mojs. They are, indeed, very. closely allied, and their identification was 
only a slight mistake of A. v. K-fft's, Ti.hich is easily understood if we consider 
that the s ~ i t u r d  iine of his Tibetan specimens was not known to him. 

Two well-preserved examples of large size are before me. I n  the smaller one 

(Bg. 2) one quarter of the last volution belongs to the body-chamber. I n  the 
lmger specimen (fig. 1) I have not been able to discover any trace of septa, but 
from its size and sculpture we may assume that a t  least one half of the last volution 
f o r m  part of the body-chamber. 

In their external shape both specimens agree exactly with the type-specimen 
of Orie8~achite8 Medleyanus Stoliczka (Mem. 'Geol. SUIT. of India, Vol. V, p. 54, 

Q R 
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P1. IV, fig. 6) as figured anew and redescribed by E. v. Mojsisovics (Him6layan 
E'oss. Vol. 111, Pt. 1, p. 38, P1. X, fig. 2). The whorls overlap one another 
up to the rounded umbilical margin, and are higher than wide. The lateral 
parts are gently curved and pass into the regularly rounded siphonal part 
without the intervention of any marginal shoulder. The umbilicu~ is deep, but 
very narrow. 

I n  contrast to the faintly marked lateral ornamentation of G.  Medleyanus the 
sculpture is strongly developed in the present species, and not restricted to the 
chambered portions of the shell. In  my smaller specimen it is continued as far as 
the aperture, although with diminishing strength, wheres in the larger example 
(fig. 1) the lateral parts in the anterior half of the last volution are nearly smooth. 

The sculpture oonsists of numerous broad and low folds, which are of an  
approximately radial direction, not sigmoidal as in G.  E a s t m i  or in G. Hanni. 
The majority of ribs are dichotomous. I n  the smaller spzcirnen they are inter- 
rupted along the middle of the external part, altarnsting distinctly on the two 
halves of the shell. I n  the larger specimen, where the ornamentation on both 
sides of the last whorl corresponds pretty well, a large number of the ribs are 
not interrupted, but closing together on the siphonal area. 

Fourteen marginal tubercles are counted within the oircumference of the lsst 
volution in my smaller specimen. They are already developed a t  the beginning of 
the last whorl and, consequently, are not confined to the body-chamber. Whether 
or not this has also been the case in the larger spximen cannot be decided, but 
there is no doubt that in the latter the development of marginal tubercles sets in 
a t  later stages of growth only, the posterior quarter of the last volution bsing 
still free from any marginal sculpture. I n  this specimen the marginal tuberoles 
attain very considerable dimensions, swelling out into high and elongated '' ears " 
in the vicinity of the aperture. I n  my smaller spezimen the tubercles in the 
anterior portion of the shell are also distinguislled by their remarkable size. 

Dimem'one. 
Fig. 1. . Pig. 2. 

Diameter of the sl~ell . . . . .  . l22mm. 113 mm. 
,, ,, ,, umbilicus. . . . . Q , ,  7 , I  

Height of the rbove the umbilical suture . . . 67 ,, 61 1, 

1 t o  , ,, preodinp whorl . . . 40 ,, 92 1, 

Thickneon of the lajt volution . . . , . 64 ,, 65 I ,  

Serttrre8.-The sutural line, as far as known, differs remarkably from that in 
G. Medleyanue and bears a greater similarity to the sutures of Anratmites than 
to the group of J2cvavites interrupti. The main saddles are not as narrow and 
slender as in G. Medleyantrs, but rather broal and of nearly equal height. The 
.second lateral saddle is provided with three large lateral lappets on its umbilioal 
slope. The third lappet is separated from the preoeding one by a deep incision, 
ahjob might be considered exentually as a rudimentary auxiliary lobe. The 
actual auxiliary lobe terminates in two sharp point9 and is followed by a large 
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auxiliary saddle. Thus the second lateral saddle and the auxiliary series are united 
into a sort of suspensive lobe. 

A similar intimate connection of the second lateral and auxiliary saddles is 
noticed in seve ra'l spscies of Araatomitea, especially in A. Bacchus v. Mojsisovics 
{Cephalopoden der Hallstaetter Kalke, Abhandl. K. K. Geol. Reichsanst. VI-2, p. 
143, Taf. LXXXVII, fig. 20) or in A. Philippii V. Mojsis~vics (1. c. p. 128, Taf. 
LXLIII, fig. 3). 

This difference in tlie character of the mtural line justifies a specific separation 
of the present form from Grieebachites Hedleyascse. 

GRIESBACEITES nov. ap. ind. P1. VII, fig. 7. 

The generic position of tlie only specimen available for examination cannot be 
fixed with full certainty. This speoimen, wliich is incomplete, badly preserved, 
and somewhat distorted by pressure in the racks, belongs to an undeterminable 
species, whioh seems to be related to tlie group of Juvavites contiwwi. All lateral 
ribs cross the external part without any  interruption. On the other hand they 
are not forked three or four times, as in the Alpine representatives of tlie group of 
Juvavitee contimi, but are only dichotomous. Simple, intercalated, and forked ribs 
ocour in almost equal numbers. This is a kind of sculpture which reminds 
us more strongly of the group of Grieebachitee a a n n i  than of Juvavitee 8. 8. I n  
the vicinity oE the aperture traoes of marginal tubercles are noticed, but so indis- 
tinctly that their presenca could not be ascertained. 

I have provisionally referred this specimen to the subgenus O&esbachites. 
Provided this determination were correct, it sliould certainly be comidered ns a 
new species, although, on account; of its incompleteness, it is preferable to refrain 
f com the imposition of a new specifio name. 

Dimension8.-Not measurable. 
S4sluree.-Not known. 

Subgen. : BNATOMITES V. Mojsisovics. 

ANATOMITES sp. ind. aff. CAMILLI: V. Mojs. P1. VII, fig. 6. 

A singlo specimsn consisting of air-chambers only agrees pretty well in its 
outlines and soulpture wit11 Anatomitee Camilli v. Mojsisovics (Cephtalopden der 
Hallstaetter Kalke, VI-2, p. 103, Taf. XOI, fis. 3) from the caraic Hallstatt lime- 
atone of Anssee. 

Tho shell is of very -globose shape, more strongly inflated than in A. Canailld, 
and  is provided with a robust sculptura. In  the vicinity of the umbilicus the 
.number of broad and coarse stem-ribs is comparatively small, but towards the 
marginal shoulders their xlumber increases oonsiderably by bifuroation, which is 



repeated in such ribs as precede the deep paulostome furl*o~rs. These paulostome- 
furrows are turned forward more strongly than the normal intercostal valleys, whioh 
are directed radially. 

Three paulostome-furrows are counted within the circumference of the last 
volution. This is probably also the normal number of paulostomes in A. CamiZZi, 
the posterior part of the last volution having been so considerably injured in 
the Alpine type-specimen that the preseDce of a t11il.d paulostome could not be 
ascertained by E. v. Mojsisovics. 

The riba are not arranged symmetrically to the median plane of the shell, 
although an exact correspondence in all details does not exist. They cross the 
siphonal part without any distinct interruption, but some of tl~enl are turned 
very low a t  the place where they meet from both sides of the shell. 

Dimeneions. 
. . . .  Diameter of the shell . . .  . . . f 9 m m .  

,, ,, ,, nmbilions . . . . .  3 , ,  
Height of the above the nmbiliral suture . . . . .  . 10.5 ,, 

laat rolntbn { .... preceding whorl . . . .  . 8.6 ,, 
Thickness of the laat volution . . . . .  • 24 ,, 

S u t  wee.-Not known. 
Remark8.-Although this specimen agrees very remarkably with dna tmi tes  

Camilli in its sculpture, especially in the division of ribs and in their arrangement 
in reference to the paulostome-furrows, I dare not ventura on an identification on 
account of its more strongly inflated shape. Among the numerous species of 
Anatomitee from the upper-triassic rocks of Sicily, as described and figured by 
Gemmellaro, there is none which might put in a olaim for a closer comparison. 

ANATOXKITES sp. ind. ex aff. HENRICI V. Moja. P1. VII, fig. 9. 

This species map be looked upon as a Himalayan representative of the Alpine 
group of Awtonaites Bacchus V. Mojsisovics (Cephtalopoden der Hallstaetter K a k e  
1. c. VI-2, p. 113, Taf. LXXXVI, fig. 73 LXXXVII, figs. 14-21). It is closely allied 
to this form or perllaps still more eo to A. Henrici v. Mojsisovics (1. c. p. 146, Taf. 
LXXXVIII, figs. 11,12), agreeing with the latter not only in the absence of any 
distinct sculpture, but also in the compressed shape of its transverse seotion. 

From Anatomitee Bacchus, and from its Indian representatives in the Tropites 
beds of Spiti which have been illustrated on PI. XIV, figs. 6, 7, of the third part of 
Vol. Ti of this series, it differs by its narrow whorls, which' are but slightly thicker 
than high, and 1,y the absence of any keel-like elevation in the middle of t]le 

regularly rounded siphonal part. An identification with either Jovitee or I ~ C U Z ~ ~ C ~  
is at occe excluded on account of the abwnce of an expanding nmbilicu8. 
Although the general sllape might at first suggest an affinity of our species with 
drcestes rather than wit11 Afiu to~iites, the arrangement of the ~u tn ra l  1 ine proves 
it to be a representative of the family of Jiccaaitintc. 



UPPER-TRIASSIC AND LIASSIC FAUNB. 

'l'he cast of .the nucleus being strongly weathered, no traces oE ornamentation 
have been noticed. 

' Diameter of the ahell . . . . . . 35 mm. 

,, ,, ,, t~rnbilicus . ab. 29 

Heighb of t he  above the umbilical suture . , 19 I, 

I a ~ t  volution { ,, ,, preceding whorl . 8 2, 

Tbickners of the last volntion . . . . 2P6 ,, 
Sutures.-As far as known, exhibiting the general characters of tlie sutural 

line in t.he genus Juvavites. Details not accessible to examination. 

ANATOMITES sp. ind. ex aR. CRASSEPLICATO V. Mojs. 

A fragmentary cast, unworthy of illustration, belongs to a large species of 
tlie subgenus Anatomites, which reminds us of A. craeseplieatue v. Mojsisovics 
(Cephalopoden der Hallstaetter Kalke 1. c. VI-2, p. 139, Taf. XCIV, figs. 6-10) 
from the carnic Subbullat us beds of the Salzkammergut, on account of its globose 
shape and of its broad folds which are restricted to the outer half of the shell and 
are separated by narrow intercostal f u r r o ~ s .  T\VO low paulostome-furrows are 
noticed in the vicinity of the aperture, exactly as i n  the Alpine specimen of 
A. craeseplicatus illustrated by E. v. Mojsisovics in fig. 10 on P1. XCIV of his 
memoir . 

With this specimen our fragment agrees in its size, but it does not possess an 
expanding umbilicus. 

Gen. : GOATO~VOTITE~.  Gemmellaro. 

GONIONOTITES cf. ITALICUS Gemmellaro. P1. IX, fig. 9 ; V, figs. 6, 7. 

1904. Uonionotites italicus Gemmellaro, I cefalopodi del triss superiore dells regione occidental0 dclla 
Sicilia, p. 158, THV. V, Egs. 6, 7 ; IX, figs. 6, 7 ;  XXI, figs. 4-6 ; XXX, fig. 8. 

This species is represented by two inner nuclei (Pl. V, figs. 6, 7) and a larger 
fragment in which the last septum is situated close to the aperture. That the 
two nuclei aud tbe larger specimen do really belong to the same species is obvious 
from,& comparison of the inner whorls of the latter, which agree in every respect 
with the figured nuclei. 

The inner volutions are strongly compressed, disooidal, with a high and narrow 
cordiform transverse section. The small umbilicus is surrounded by a steep n all 
and separated from the lqteral parts by a rounded-off margin. The greatest trans- 
verse diameter coincides with the umbilical margin. From this place the flatteued 
sides converge. very gradually towards the siphonal part, which is regularly 
rounded. 

The sculpture consists of numerous sigmoidal folds, which are doveloped more 
strongly in  .the vicinity of the margins1 sholllders tillan in the umbilical region. 
They arc eithm simple or dichotomous. Exceptionally a first bifurcation is noticed 
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at  a point about one-third of the height of the whorl, and a second one near the 
marginal shoulders. The ribe are interrupted along the middle of the external 
part. 

I n  the two nuclei the ornamentation becomes gradually obsolete in the vioinity 
of the aperture. Constrictions or paulostome ribs have not been noticed. 

I n  the larger fragment, whioh consists of an inner nucleus and the six last 
air-ohambers preceding the body-chamber, the ornamentation of the test has been 
completely obliterated. At the same time the transverse section becomes high and 
very strongly compressed. The external part is sharpened into a steeply rounded 
and narrow ridge. The inflation of the shell in the vicinity of the peristome, as it 
has been described in the type-specimen of Gon,wnotitee dtalime by Gemmellaro, 
could not be noticed in this fragment, mhos aperture is situated immediately in 
front of the last septum. 

Larger fragment. Inner nnoleua. 
P1. I X ,  fig. Q. PL V, fig. 6. 

Diameter of the ah& . . . .  P SO mm. 
1s ,, ,, nmbiilma . . . . P 2-6 ,, 

Height of the bbwe the nmbilioal nutora . . 46 mm. 17 ,, 
Laat rolntion , ,. preaeding whorl . . 82 ,, 10 ,, 

Thicknees of the laet vollltion . . . . 23.5 ,, 19 ,, 

Sutures.-There are five saddles outside the umbilical suture, but the two 
auxiliary saddles could not be examined in detail. 

Siphonal lobe broad and nearly ae deep ae the principal lateral lobe. It is 
divided by a broad and pyramid-shaped median prominence, whose apex is flatly 
rounded and accompanied by rr small indentation on each side. The median promi- 
nence does not reach half as high as the siphonal saddle. 

Principal lateral lobe deeply serrated, terminating in two sharp points whioh 
are separated by a median indentation. Second lateral lobe oonsiderably shorter, 
ending with an elongated terminal point, with lateral digitations arranged sym- 
metrioally on each side. Saddles provided with distinctly individualized, folia- 
oeous branches, especially the siplional saddle, which is bipartite at  its top, the two 
apical branches being subdivided by secondary incisions. The two lateral saddles, 
which are alao riohly ornamented, have their apioes divided asymmetrically, the 
external phyllum exceeding the internal one in size and height. 

The sutures do not agree in all their details throughout the chambered outer 
volution of the fragment illustrated, but show some variations, which may, 
however, be attributed to an accidental difference in the weathering of the surface. 
of the cast. 

Bemark8.-This Himalayan species agrees so closely with Gontaionotitee italicoss 
Oemm., that in a better and Inore complete state of preservation of the larger 
specimen a t  hand I should not have hesitated in venturing on a direct identiha- 
tion. The dserence in the details of the complicated sutures is so slight that 
they can scarcely be considered as distinotive features of specific importance. 
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OEBATITOIDEA. 

Pam. : ~ I ~ ~ I T ~ ~  v. Mojs. 

TIBETITES' BHOTENSIS nov. sp. Pl. VI, fig. 6 .  

The figured specimen, tolerably completely preserved, is an adult individual, 
more than one-third of its last volution belonging to the body-chamber. The 
shape and sculpture of the body-ohamber agree exactly with those of the cham- 
bered parts of the shell. Thus tho reference to Tibetites s. s. is justified. The 
oomplete absence of any notohings in the external ears distinguishes our species 
from the genus Cyrtopleurdtee, to an Alpine representative of which it is otherwise 
nearly dlied. 

Among the hitherto described Himilayan species of Tibetites the nearest 
allies to the present one are 2'. Ryalli v. Mojsisovics (Upper-triassic fauna of the 
Himtilayas, Palaont. Ind. ser. XV, Himhl. FOSP., Vo1. 111, Pt. 1, p. 77, Pl. XV, 
figs. 3, 4) from the Halorites limestone of the Bambanag cliff, and a second 
unnamed species from the upper Daonella beds of the same locality, which differs 
from the preceding one by being more delicately ribbed and therefore ornamented 
more richly. 

The chief difference frokn T. Ryalli consists in the entire absence of any 
lateral tubercles. The stem-ribs are broad and bifurcate at a point situated 
below the middle of the height of the volution, but the point of bifurcation is not 
marked by any swelling of the ribs. There are only two rows of tubercles, one 
of them corresponding to the marginal shoulders, and the second co~lsisting of large 
externa1,ettrs. The marginal tuberoles are small, of circular outlines, not elongated 
spirally. The number of intercalated ribs in the upper half of the sides is very 
small. Two marginal tubercles correspond, as a rule, to one primary stem-rib. 

I n  its general shape 'this species agrees very nearly with Tibetites Ryalli 
v. Mojs. and with Cyrtoplmritee Eerodoti v. Mojsisovics (Cephalopoden der Hall- 
straetter Kalke, L c. VI-2, p. 618, 'l'af. CLVIII, fig. 10). The whorls overlap 
one another almost oompletely and are strongly compressed, the transverse 
section being oonsiderably higher than broad. The umbilicus is comparatively 
wide. The narrow and slightly depressed mesial band, which is enclosed within 
the external ears, undergoes no ohange from the beginning up to the aperture of the 
laat volution. 

Dimsmeions, 
Diuneter of the shell . . . . . . . . . 39 mm. 

1s J J c u e  . . . . . . . . . 4'5 " 
Height of the above the umbilical wture . . . . . . 22'6 
L.t volution { ,, , p 1 . . . . 1). ,, 

Thicknear of the last volution . . . . . . . . 1 4 , ,  

a 



Sutures,-Not known in detail. A more exact cbaracterisation is not poseible 
.on aooount of the defective preservation of the sutural line. 

Fam. : ORTHOCERATIDB. 

Gen. : OBTHO~EBA~ Breyn. 

ORTHOCERAS div. sp. ind. 

A few fragments of Orthocerae, unworthy of illustration, are only sufficient to 
determine the genus. There nre at least two species present. The fragment of a 
large body-chamber, with parts of the striated shell adhering to tlie cast, belongs 
to the group of Orthocerata striata. The majority of isolated air-chambers 
belongs to a species of the group of 0 .  lavia. Their dimensions and the small 
angle of divergency remind one of Orthocerae triadii=um v. Mojsisovios (Cephalo- 
poden der Hallsttretter Kalke, 1. c. VI-I, p. 4, Taf. I, figs. 2, a), but their incom- 
plete state of preservation rendera them unfit for ~pecific determination. 

Fam. : CAPDOAJAUTIAID& v. Mojs. 

Gen. : P R ~ ~ L Y D ~ N A U T I L ~ S  v. Mojs. 

1873. Nautilus ttdadicus E .  v. Mojaisovior, &phalopden der Hallntaarter Kalke, 1.0. VI-1, p. 87, Taf. XIV, 
fige. 1-4 

1802. ProclydonauEilw tricrdicue v. Mojsisovics, ibidem, Supplementbd. p. 209. 
1904. Clydonautilua triadicua Gernmellaro, I oefalopodi del trine sup. d e b  regione woid. della Sioilin, p. 7, 

P1. I, 6gr. 14 16. 
1904. ProclydonautiEus triadicus P. Smith, Compratire atretigr~phy of the marine trine of Weskrt~ 

Amerioa, Prweed. California h d .  of Sciences, 3d ser. Vol. 1, p. 431, PI. XLVII, fig, 2. 
1906. Proclydonautilua lriadicua Hyatt et Smith, Triasrio oephalopod genera of America, U. 8. (3~11. 

Snrr. Profwe. Pepem No. 40, p. 206, P1. XLIX, fige. 1-3 ; L, 6ga. 1-17. 

The only specimen available for examinati~n~agrees so closely with the type- 
- s p i m e n  of Proclyclonazstilus triaclicus from the csrnic Hallstatt limestone of the 
Salzkammergut, that a direct identification cannot be avoided. 

My specimen is of moderate size, and provided with the beginniog of the 
body-chamber. I t  has slowly increasing whorls, which overlap one another 
completely, and s closed umbilicus. The transverse section is ovoid, tlie flatly 

.curved lateral parts passing into the steeply rounded external part without inter- 
vention of any marginal shoulder. The aperture is of equal height and width. 
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The shell, which has bean praserved entirely on one side of the last volution, 
is smooth, without any trace of a longitudinal or transverse sculpture. Not even 
strim of growth have been noticed. 

Diameter of the rhell . . . , , . , . . . 42 mm. 
#I ,, ,, umbilicnn . . . . . . . . O , ,  

Height of the above the nmbilicnl nuture . . . . , . 27 ,, 
last rolotioo ,, ,, preotdiog whorl . . . . . 1 9 , ,  

Thieknl~ss of the last volution . . . . . , . . 2 7 , ,  

Sutz/l*es.-The septa are situated very cl03e to each other, especially tlloss 
preoeding the last septum, the lateral walls of the saddles even touohing one another 
oocasionnlly. 

Siphonal lobe small and narrow, not divided by a median prominence. Lateral 
lobe broad, deep, and tongue-shaped. A small umbilical lobe follows outside the 
large and regularly rounded lateral saddle. 

Siphzancle. -Not known. 
Remavk8.-The specimen of Proclydonautilus from the carnic stage of Cmtro- 

nuovo in Sicily, which has been identified with P. .hiadiczc8 by Gemmellaro, diff era 
slightly from the Alpine and Himalayan examples of this species by its whorls 
increasing still more slowly. But as it agrees with them in the remaining charao- 
tm, especially in the arrangement of the sutural line, there is no sufficient reason 
for a specific separation. 

The specimens from the Subbullatus beds of California, as described and illus- 
trated by J. Perrio Smith, seem to agree with the Alpine type as closely as my 
Himalayan example. 

Proclydonautilt~r, triadicu 9 . must bo counted among t l ~ e  most ~ride,spread 
cephalopoda of the carnio stage, bein? almost universal1 y distributed throughout 
the trizbesic seas. . . 

PBOCLYI)ONAUTILUS BUDDBAICUS nor. sp. P1. I, figs. 2, 3, 7. 

This species is very nearly allied to Proclydonautilm Griesbachi v. Mojsiso- 
vios (Upper-triassic fauna of the HimBlayas, Pal. Ind. ser. XV, Him61. Foss. 
Vol. 111, Pt. 1, p. 123, P1. XXII, fig. 1) and to P. Griesbachvormneis Diener 
(Fauna of the Tropites lirnegtone ibid,  Vol. V, Pt. 1, p. 15, Pi. XVII, fig. 2). 

My type-specimen, wl~ioh is providel with its body-chamber, attains large 
dimengous. I t  is strongly involute, provided with a very small umbilicus and 
with- high, laterally oompressed whorls. The inflated siphonal part is separated 
from the converging lateral parts by distino t marginal shoulders. In  the inner 
mlutione these shoulders form sharp angles, which are slightly elevated above the 
general convexity of the shell. These acute rims, which recall the blunt keels 
in Woritea, make their appearance a t  an early stage of development. At the 
beginning of the last volution the elevated sharp rim is reduoed to an asute edge,- 

H 2 
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which passes gradually into :a rounded angle. Near the aperture this broadly 
rounded angle forms the boundary of the external plrt, which is M a t e d  still 
more strongly than in the adolescent stage. 

This mode of development is jujt the oontrary of what is seen in P. BrdeebucM 
v. Mojs. I n  P. UriesbacM the innsr volutions possess a re,gul~rly cordiform trans- 
verse section, their inflated external part merging into the sides with a oontinuous 
swelling, without even the indioation of an angle. I t  is only in later stages of 
growth that angles are developed, whioh are most oonspicuous in the vioinity of 
the aperture. In its developmental features our species agrees better with P. 
Oriesbachifomis from the Tro3ites lima3toae of Byans, whioh is also distinguished 
by the presenoe of sharp marginal angle3 a t  very eezrly stagas of growth. But in 
this species the elevated keel-shaped rims psr~ist  also in the gerontic stage. 

Another feature of distiootion betwean Proclydomutilus buddhaicue and P. 
GriesbachiJomis is the shape of the transverse seotion in the siphons1 region. In 
P. buddhaicuu the siphon11 area is strongly inflated, khereas it is depressed and 
even deeply excavated between the marginal keels in P. Gri esbach~ormiu. Other- 
wise the transveme section i s  very similar in both species. The lateral parte 
regularly oonverge from the p h e  where the shell reaohes its greatest transverse 
diameter, i. e., from the vicinity of the umbilical margin. There is no umbilioal 
edge present, but the flank3 de~oend in a strongly bent curve from the region of 
the greatest inflation to the umbilioal suture. 

The tjculpture of the tsst oonsists of delioate transverse atrise whioh are 
approximately parallel to the sep ta. 

Diameter of fhe &ell . . . . . .  . . . 110 mm. 
,, ,, ,, umbilione 6 , ,  

Height of the above the umbilical rstnre . . . . . 7 6 , ,  
Lut volotion 1 , ,, * d i n g  whorl . . . . . . 

Tbiokneer of the h t  volution . . . . . . 67 " 

Siphwc2e.-In the last air-ohambera the orifloe of the siphuncle is situated 
above the middle of the distance between the external parts. 

8utrireo.-Agreeing with those oE P. GrimSaohi. Siphonal lobe not divided 
by a median prominence. 

Bmark8.-There seems to exist a very near affinity between P~oclydo?wculilzce 
buddhaiow and the Amerioan genus CosmonautQuo Hyatt et Smith (Triaasio 
oephalopod genera of America,U. S. Geol. Surv. Prof. Pap. No. 40, p. 207). The 
typioal species, Comomutiluo Billeri (1. c. p. 207, P1. LI, fig. 1 ; LII, fig. 1 ; L I I I  
figs. 1, 2 ; LIV, figs. 1-4 ; LV, figs. 1-11) develops marginal edges at a very early 
stage of growth, but them edges becoma adorned with tuberoles, until the shapeand 
sculpture are very like those in Hetacocerw Hyatt. At the diameter of 36 mm- 
the tuberoles becorn: obsolete and the marginal shoulder4 loee their angularity. 

Having suoceeded in chiseling out the inner nuoleus of a second specimen of 
9. buddhakue with a diameter of 25 mm,, I could asoertain the entire absence of 
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any marginal tubercles. This species does not, therefore, go through a Hetaco- 
eerm stage, as does Comonacctilue. The absenoe of Metacocerw-characters in the 
young stage, and the porsistenoe of marginal edges into more advanced stages oE 
growth-they do not become obsolete, before a diameter of 56 mm. hae been r m h -  
ed-distinguishes our Indian shell from Co8mnautilu8, which, aceording to the 
present stage of our knowledge, is confined to the American trias, 

P. Smith has suggested that Olydonautilzcs biangdaris v. Mojsisovios (Him&- 
layan Foss., 1. o. Vol. 111, Pt. 1, p. 124, P1. XXII, figs. 2, 3) from the Halorites 
limestone of the Bambanag section might belong to his genus Coemomuttlwr, " as 
may also aome of the European species asnigned by E. v. Mojsisovios to Clydonau- 
t2248." But with this view I cannot agree, beoause the two forms differ widely by 
their mode of development. Young specimens of Clydonautilw bkngutark have 
a rounded siphonal part. The two marginal angles, which are not oombined with 
any tuberoles, make their appearanue simultaneously with the flattening and in- 
.dividualisation of the external area only at a diameter of about 16 mm. Even in 
old age the external part remains flattened and is not inflated. 

Gen. : ~ T Y ~ I O N A U T I L U ~  v. Mojsisovice. 

STXBIONAUTILU~ nov. sp. ind. P1.11, fig. 1. 

Of thie interesting species only a single, fragmentarily preserved oast of the 
body-ohamber has been found, with the last air-ohamber and a small part of the 
inner nuoleus adhering. The reference to the genus Xtyrionautilw v. Mojsisovios 
has been established with full certainty, the siphonal saddle having been observed 
crossing the external ares without any indioation of a siphonal lobe. 

There is no speoies to which the present one appeara to be nearly allied. 
From the Alpine representatives of the genus Sty~ionautilu8 it is distinguished by 
the biangdar shape of its cross-section and by its very high and strongly compressed 
whorls. I n  the inner volutione the sides converge from the place of the greatest 
'mflation outside thedeep umbilious towards the narrow external part in a very 
flat curve. The siphonal area is truncated and bordered by shsrp marginal angles. 
In the body-chamber theso marginal angles beoome obsolete, and the flanks pass 
gradually into the external part which is no longer trunoated but steeply rounded. 
The deep umbilicus is surrounded by a perpendicular wall whioh unites with the 
lateral parts in a sharp1 y rounded edge. 

Dkeraeion8.-Not measurable, on account of the detective state of the figured 
speoimen. In the body-chamber a height of the last volution of 49 mrn. corre- 
%ponds to a transverse diameter of 29 mm. 

B6phuncle.-Elongated elliptically in the direotion of the radius. I ts  position 
is approximately oentrd in the last air-chamber. 

Sutu~e8.-The siphonal saddle orosses the external area in a straight line 
which is not .interrupted by any mesial depression. 'I'he present species iu therefore 
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a typical representative of the genus Styrionautilus, in the sutures of whiub 
no transitional stage is marked to Prdclydonazltilrre or Clydonazstilecs. The deep 
lateral lobe is t ongue-shaped, as in Xtyrwnau tdus styriacw v. Mojsisovim 
(Cephalopoden der Hallstaetter Kalke, Abhandl. K. K. Geol. Reici~sanst. VI-1, p. 
27, Taf. XIV, fig. 7) or in St. Sau9et-i v. Hauer. I t  is followed by a large 
lateral saddle and by a rounded umbilical lobe. An internal or annular lobe bas 
not been observed. 

Fnm. : GRYPONA UTILIBB.  

Gen. : GI;YPOCEHAS HYATT. 

GRYPOCERAS SUESSIIFORME nov. sp. 1'1. X, fig. 1. 

This is a very ioteresting species, recalling Grryponautilue Suee8id v. Mojsiso- 
vios (Cephalopoden der Hallstaetter Kalke 1. c. VI-1, p. 26, Taf. VI, fig. 11, 
Taf. XIII, fig. 2), but distinguished by its wider sipbonal area and by the persist- 
ence of an open umbilicus in advanoed stsges of grawth. 

There is only one specimen available for examination. It is a cast, with 
some fragments of the shell adhering to the siphonal and lateral parts. More 
than three-quarters of the laat volution consist of air-chambers. As the beginning 
of the body-ohnmber has been preserved, the oomplete example must have been 
considerably inferior in size to full-growu specimens of GT. Sueseii. 

I n  its shape, soulpture and sutures the figured specimen is very similar to 
G. Sueesii. The whorls are very thick, their traneverse section being twice as 
broad as high. ' The greatest transverse diameter is ~ituated in the lower third of 
the 1atel.d parts. Prom this place the strongly inflated flanks converge both 
iowards the abdominal and umbilical margins. The external area i~ broad, gently 
arclied and sep~rated from the lateral parts by sharp edges, whiah are accompanied 
by a row of small, spirally elongated, very low and blunt tubercles along their 
external slopes. About 25 tubercles are counted within the circumference of the 
last volution. 

'l'he width of the external area is considerrtbly larger than in Q. Sueasii. I n  
my type-spximen an external area of 18 mm. in width corresponds to a transverse 
diameter of 37 mm., whereas in the Alpine speoies the respective proportions are 
as 12'5 to 34 or as 21 to 67 mm. Another featmre of difference is the flattened 
shape of the external area in Gryp~rzazililu9 Suessii, mliereas it is elightly .convex 
in the Eimtilayfln species. 

The umbilioal mrrrgin is steeply rounded and is bordered by a perpendicular 
umbilical wall. The umbilicus is comparatively wide, wider than in the smaller of 
the two Alpine type-specimens of Q. Seceettii, illustrated by E. v. Mojsisovics, which 
consists of air-chnmbers only. As'tbe beginning of the bcdy-ch*mber has been 
preserved in  my Himalayan example, the umbilicus cannot have been closed, as  

I 



UPPER-TRIASSIC AND LIASSIC FAUNBE. M 

in full-grown specimens of Q. Sueesa'i. The present speoies must oonscquently be 
grouped with the genus Qrypocerae 8. e., not with the subgenus Urypo~zctilus 
v. &Iojs. 

The lateral parts of this species exhibit the delioate transverse soulpture 
which has been described in Grypmat4t61u8 Saeu8ji by E. v. Moj8isovics. I t  
consists of sharp, cresoentio ledgev with their oonvexitiee turned forward, which 
-originate in the blunt tuberoles of the marginal edges. 

Diameter of the mhe\l . . 46 mm. 
nmbilieue . 8'6 ,. 

~ e i ' i h t  of $0 above the umbilical iuture : 24 ,I 

Is& volutian { ,. ., preceding rbod . . 17.5 ,, 
Thioknem of the lwt volntion 37 ,, 

Sutzlre8.-Agreeing with. those of O. Suessdi. External saddle divided by a very 
flat  lobe. Lateral lobe gently curved and followed by an equally flat lateral saddle. 

Siphuncte-Not known. 

Fam. : TEMNOCHEZLIDB. 

Gen. : M o ~ s v ~ n o c ~ ~ ~ s  Hyatt. 

MOJSVARO~ERAS sp. ind. ex aff. TURNERI Hyatt et Smith. P1. I, fig. 4. 

This is a single fragment of the outer volution of a Nautilzls consisting of 
four dr-chambers and of the beginning of the body-chambsr. It was atrongly 
evolnte and provided with little embracing whorls and with a wide umbilicus. 
The transverse section is subquadrangular and oonsiderably wider than high. 'l'he 
lateral parts are flattened and separated from the steep umbilical wall by a 
sharply rounded margin and from the gently curved siphonal area by aoute 
abdominal edges. 

Surfaoe neurly smooth, but ornamented with two rows of faint tubercles 
outside the umbilical margin and on the abdominal edge. 

Dimen8im.-3 o t measurable. 
Siphuncle.-Below the centre of the wllorl. 
Suture8.-Septa very simple, slightly sinuous, with very sliallow siphonal and 

lateral lobes and with a broadly ourved external saddle. The presence of an 
internal annular lobe could not be ascertained. 

Rentark8.-This species is more nearly alliod to Mojaocaroceraa Turlaevi hyat t  
et Smith (Triassio cephalopod genera of America, U. S. Geol. Surv. Prof. Pop. 
No. 40, p. 209, Y1. XLVIII, figs. 6-11) from the Tropitee beds of California, 
than'to any of the Alpine forms. A more detailed oompalison is, however, 
diffioult, on t~ccount oE the incomplete state of preservation of both the American 
and Bimirlayan types. 



DIBRANCHIATA. 

. . Fam. : B EL E M X I T I D B .  

Qen. : ATRACTITES Guembel. 

ATRACTITEB sp. ind. 

A slab of rock oontains numerous fragments of rostra, which are perfectly 
smootb, without any ribs or furrows. They ara elongated, with a circular trans- 
verse seotion. Tbe lumen of the funnel doea not change throughout the entire 
length of the rostrum, as far as known. 

Among my materials there is no example fit for illustration nor for a speoific 
determination. 

Gen. : DICTYOCONITES V. Mojsisovics. 

DI~TYOCONITES sp. ind. ex aff. HAUERI v. Mojs. PI. 11, fig. 2. 

The genus' Dictyoconitee, as introduced by E. v. Mojsisovics, oompriees sueh 
forms of Adacoaerotin~, in which the conotheca oE tile phragmacone is ornamented 
externally with numerous raised longitudinal lines and with delicate asymptotio 
ribs, which in the guard or rostrum correspond with deep dorso-lateral grooves. 

Among the materials available from the triassic limestone of exotic blook 
No. 2 there is a fragment of the phragmacone of Dictyocmites, with a short part 
of the surrounding. guard. I t  oannot servo for the establishment of the speoies, 
although it seems to indiuate a form of the group of D. striati, nearly allied to 
D. Hat6es.i v. Mojsisovics (Cephalopoden der Hallstaetter Kalke, 1. o, VI-1, Sup- 
pleruentbd. p. 187, Taf. XIV, figs. 15, 16) from the carnic Hallstatt limestone 
of Aussee. 

The divergent angle of the phragmaoone is very small. The oonotheca, whioh 
has been partly preserved, is ornamented with numerous anrl delicate longitudinal 
striae, among which the asymptotic stria are not remarkable in any way, either 
by their strength or by their position. They oan only be recognized near the 
beginning of the calcareous sheet of the rostrum, where deep dorso-lateral furrows 
are noticed. 

The transverse section of the phragmaoone is elliptical. A seotion through 
tho apical region of the phiagmacone together with the surrounding guard shows 
the deep dorso-lateral furrows shifted towards the flattened antisiphonal side. I n  
the conotheca of the phrrtgmacone no transverse ornamentation has been notioed. 
Both in this absence of a reticulate sculpture and in the slender shape of t h e  
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phragmacone the illnetrated fragment agrees better with Dictyocmike Hauerp' 
v. Mojs. than with D. reticulatus v. Hauer. 

Notwithstanding its unsatisfactory state of preservation this fragment deserves 
to be mentioned, as it is the first representative of the genus ~ i c t ~ o c o n i t e e  hitherto 
known in  the Indian triassic province. 

CONCLUSIONS. 

By far the richest among the mesozoic fauna collected by A. v. Krafft in 
the district of the exotic blocks in Malla Johar is that from exotio block No. 2. It 
consists of the following speoies :- 

(a) ~mellibranchiata.  
1. Cassianella sp. ind .  

(b) Gasteropodn. 
2. Lozonema (Polygirina) cf. elegass Hoernes. 
3. Sagana c f .  geometrica Koken. 
4. Capulus (PWryx) jolarensis nov. sp. 
6.  Nuticopsis sp. ind.  ex a f .  ubvallatlt Kokeu. 

(c)  Amnonoidea. 
6.  Cladiscites crasseatria tus v. Mojs. 
7.  ,, cf. Gorgie Gemm. 
8. ,, cf. pusilllrs v. Mojs. 
9. ,, sp. ind.  cf. coracir Qemm. 

10. Hypocladiscites subcarinatus Gemm. 
11. J ,  aubaratur v. Mojs. 
12. drceetea cf. periolclta v. Mojs. 
13. ,, cf. Bicidthofeni v. Mojr. 
14. ,, sp. i f id.  a$. deckpiens v. Moje. 
15. ,, cf. placenta v. Mojs. 
16. Proarcestee Gaytani v. Klipet. 
17. ,, sy. cf. Awsseanw v. Hauer. 
18. ,, (3) sp. ind.  e z  off. Barrandei Lbe. 
19. J, ep. ind. (group of extrakabiatc]. 
20. Discophyklites B o w e r i  nov. sp. 
21. Pinacoceras ap. ind. a f .  rex v. Mojs. 
22. Placites cf. p r a u c t ~  v. Moje. 
23. Diacotropites cf. sandlingemis v. Hauer. 
24. Tropitee cf. rub6utlatus v. Hauer. 
25. ,, sp. ind .  a$. acutangulo v. Mojr. 
26. ,, sp. ind.  af. Wodani v. Moje. 
27. AnatrojDitea cf, spinoluo v. Mojs, 
2s. ,, Pilgrimis' nov. ep. 
%9. Margariter irregnlaricostatws nov. ep.  
SO. Joviter qf. spectabilks Dien. 
81. ,, daciformir Dien. 
32. ,, nov, sp. ind .  



35. Jzvavitsa K r a f t i  nov. sp. 
39. ,, Dogra+rrs nov. sp. 
35. ,, noo. sp. ind .  ez  a$. subintsrrzbpto v. Mojs. 
36. ,, now. rp. i d .  (group of comtinui). 
37. Grieabachiles cf .  Kautneri v. Mojs. 
38. ,, Pae?cdomedleyarus nov. ep. 
59. ,, nov. rp. imd. 
40. Anatoaitea 8 9 .  ind .  a$. Carnizli v. Mojs. 
41. )J  ,, ,, ex a$ Henrici v. Moje. 
43. 9 )  ,, ,, ex a$. crraseplicato v. Mojs. 
43. Gonionotiter cf .  italicus Gemm. 
116. Tibetites biotenaia nov, sp. 

( d )  Nautiloidea. 
45. Orthoceraa 8p. ind.  (gronp of 0. iavirs). 
46. ,, sp. ind. (group of 0. striata).  
47. ProcZydonatitiZue triadicus v. Mojs. 
48. 9 J budd8aicun nov, ep. 
49. Styrionautilus nov. sp. ind. 
60. Gry~oceras ruesaiiforme now. 8 p .  

5 1 .  Mgsvaroceras nov. 8 9 .  id. ez  a$. Turner; Hyatt e t  Smith. 

( a )  Dibrauchkzla. 
52.  Btrnctites np. ind. 
53. D i ~ t ~ o c o n i t e a  R O W .  8p. ind.  a$. Batceri v. Mojs. 

Altogether 63 species-among which the Cephalopoda, numbering 48 epecies, 
by far predominate, both in speciea and in individuals. The red limeatone of 
exotio blook No. 2 may coneequently be termed a cepbalopod-bearing faoiea with 
equal reason with the Halorites limeatone of the Bambanag range or the Tropitss 
limestone of Byans. I n  the richness of species it is but little inferior to the 
Halorites limestone, from which 69 ~pecies (62 ammonites) have been desoribed 
hitherto by E. V. Mojsisovics and by myself. 

Leaving out of discussion t h e e  forms whioh do not admit of speoific deter- 
mination or of a closer comparison with any species hitherto desoribed, there 
remain 46 species. 

The most important f a d  appearing on a first glance at  the preceding list is 
the very large percelltage of species ne:~rly allied to European forms. The number 
of fannistio elements peculiar to the Indian triassic province is comparatively 
small. There is only one single genus of exolullively Indian habit (Tibetites) 
represented in this fauna. 9 speoial stress must be laid on the very close affinity 
with the c a d c  fauna of the Alpine Hallatatt limestone, beoause in none of the 
fauna from the triassic belt of the main region of the Himtilayas are suoh affinitiee 
indicated as clearly and strongly. I n  all trhesio horizons of the main region of the 
H i m a y a s  which aro rioh in Cephalopoda species representing typos which differ 
widely from Alpine forms mcur in considemble numbers, whereas in this fauna 
they are of vory rare oocurrenoa 
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This olose affinity of the fauna of exoti'o blook No, 2 with the faunae of 
homotaxial beds in Europe is so much the more important, as the determination 
of its geological age must be based an pdlaontological evidence only, the exotic 
block itself exhibiting no stratigrsphict~l connection with the surrounding beds. 

With regard to its general charaoter, the fauna of exotio block No. 2 
bears the stamp of the carnic age so indubitably that it seems to me superfluous 
to disouss ite correlal ion with the oarnic Hallstatt limestone of the Alps. There 
is not a single form among the Csphalogoda which might point to either 1adin.i~ 
or noric (juvavio) affinities, not even Tibetites bhotensie, which belongs to a genus 
appearing already in carnic beds although it reaches ita chief development in 
the lower noiio stage only. 

I t  is more dificult to establish a more exact determination of the geological 
age. An analysis of the fauna shows that it has relations both with the julic 
and tuvalio fauns. Tt rem:lins therefore for me to decide whether it ahould 
be correlated with the zone oE Traairycera~ Aonoider (julic substage) or with that of 
T ~ o p i t e s  aubbuZlatw (tuvalic substage). A. v. Krafft, from a cureory examination 
oE his fossil materials, has deoided in favour of a oorrelation with the zone of 
IL'popitee aubbullatue, but from a detailed analysis me shall learn an almost equal 
distribution of the elements of the two Alpine zones in our Eim4layan fauna. 

I t  will be found convenient to treat the atlinities of our fauna with each 
carnic fauna of extra-Himsilayan districts separately, although tho palaeontological 
evidence must rely chiefly on a comparison with the julio and tuvalio faun= of 
the Alpine Hallstatt limestone. 

The assemblage of genera being almost the some in both zones, we are obliged 
to  investigate the specific affinities of the Cephalopoda, which by far predominate 
over all the rest of the organic remains. All forms, which have not been determined 
specifidly hut designated only aocordin g to their relationship with Alpine ty pee, 
are of very little service for an identification of the exact geologioal horizon. For 
this purpose such species only oan be taken into ooneideration as are either 
dimatly identioal with, or so olosely allied to, Alpine types that they oodd be 
referred to suoh cf. 

The following species are identioal or probably identical with those from the 
Hallstatt limestone which in Europe conneot the fauns of the julio and tuvalic 
substages :- 

Aoxonertia rJ'. elegans Hoern. 
Sagatz~ v'. geometrica Koken. 
Cladiscites craseat~*iatus v. Mojs. 
Placites cf. perauctua v. Mojs. 
Discotropitea cf. aandlingsnsia Hau. 
Proelydonartiltia t r k d i m a  v. Mojs. 

The following species are identiual or probably idemtioal with swia whkb 
in the Alpine Trias are restriotad to the julic substage :- 

Cladiacites cf. ppusillns v. Rfojls. 
Brcerter cf. petidcur v. Moja. 
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Arcertea u j .  Richthofeni v. Mojs. 
Proarceetes Gaytani v. Klipst. 

,, cf. Awseanus V. Hau. 
Anatropites cf .  spinosua v. Mojs. 
Griesbachites c f .  Kaatneri v. Moje. 

As elements pointing to a close affinity with the fauna of the tuvalio substage 
of the Balzkammergut, the following two epeoies only can be quoted :- 

Arcestea cf. placenta v. Mojs. 
Z'ropites cf .  mbbullatus v. Hau. 

Among fifteen speoies identical or probably identical with Alpine forms, seven 
belong to the julic, two to the tuvalic substage, six are common to both substages. 
It is evident from this proportion that the greater number of relationahips are in  
favour of a correlation with the julio substage. The circumstance that a speaies 
referable to Tropitee subbuZlcstz~, the leading fossil of the tuvalio substage of the 
Hallstatt limestone, is represented in this fauna, loses much of its importanoe, ae 
this species is exceedingly rare in the red limestone of exotic block No. 2, and 
as types allied very olosely to T. ezabbultcstua make their first appearance in the 
julic substage (T. Qzlemtedti v. Mojs.). On the other hand those carnic elements 
which are most conspicuous for their fecundity in species and individuals, especially 
CtadtcUes, Ptacites, and Dtcophyllites, are of a rather indifferent habit and do 
not indioate exclusively either julio or tuvalic affinities. 

With the upper-triassic rocks of Sicily the fauna of exotic block No. 2 
has six species in oommon. These are the following :- 

Cladkscitea cf .  Qorgia Gemm. 
,, cf. coracis Gemm. 

Rypocladiscktes s~cbcarinatus Gemm. 
Gonionotitea cf .  italicus Oemm. 
Discotropites r f .  sandlingensis v. Hau. 
Proclydonautilua t r iadims v. Mojs. 

All these species have been found in the carnio limestone of Modanesi (Gas- 
tronuovo) or Votano (8an Stefano Quisquina). Utctdiscitee cf. GorgBce ocours 
also at  Madonna del Balzo, where carnic and norio elements have been mixed 
together. 

The carnio age of the fauna of Votano and Modanesi is obvious from Gem- 
mellaro's liste, but an exaot oorrelation with carnio fauna  oE the Eastern Alps has 
not yet been attempted. G.  Di Stefano, it is true, considers the limestone of 
Votano and Modanesi as a homotaxial equivalent of the Alpine Subbullatus beds, 
but G). v, Arthaber (Die Alpine Trias des Mediterrangebietes, Lethaea, geognostioa, 
2 Theil, Bd. I, p. 461) believes with equal reason that both the Amoides and Sub. 
bullatw zones are represented in the faunse of those two Sicilian localities. 

The reiion which is geographically 1t.ast distant from the exotic blooks of 
Malla Johar is the main region of the mesozoic belt of .the Uentral 'HimUayas. 
There are three district8 in this region with fossiliferous trbsaio beds, the fauna of 
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whioh show relations to that of exotic block No. 2. But those relations are 
less close than the af3nities between the present fauna and the carnio faunm of the 
Alpine Hallstatt limestone. 

With the Daonella beds of Lauka in Kumaon the present fauna has only one 
s~ecies in  common, Eypocladiecites subaratw v. Mojs., an Indian representative of 
the group of Cladiecites uubtornati, which differs from the European Eypocladie- 
cites subtornatere by some very subordinate details. 

The number of species probably identical in the fauna of exotio blook 
No. 2 and of the Tropites limestone of Byans is five. These species are the 
following : - 

Proarcestes cf. Gaytani v. Klipst. 
Jovktes cf .  spectabilks Dien. 

,, dacifot.rnisDien. 
Tropites cf. subbullatus v. Hauer. 
Biscotropitea c f .  sandlingensie v. Hsuer. 

With the Tropites shales of Spiti the present fauna has the following species in 
cornmon : - 

Jovites cf .  spectabilis Dien. 
Tropitea cf. subbullatus v. Hau. 
Proarcestes cf. Gaytani v. Klipst. 

As species indicating very close affinities the four following might be men- 
tioned :-Anatmites sp. ind. ex a s  Hmrici v. Moja., whioh is certainly very 
nearly allied to Anatomites sp. ind. cf. Bacchuo v. Mojs. from the Tropites shales of 
Lilang, Tropites sp. ind. a t .  acutangulo V. Mojs., Juvavites (Oriesbachitm) 
Psezsdomedleyas~aus, which belongs to the same group of Jwc tv i t in~ ,  as G r i e e b ~ h i t e ~  
Xedleyanua of unknown geological age, and Diecophyllites Ir2oaoeri Dien., which 
agrees with D. Ebraeri from the Daonella beds of Lauka in all oharaoters, except 
some differences in the arrangement of the sutural line. 

The presence of Tropites a f .  aczctangulo, Jozlitea spectabils'e and Jovites daai- 
fmmk inoreases the number of species with decidedly tuvalio affinities in the 
present fauna, and consequen tly reduces the preponderance of julio elements. To 
the species oonnecting the fauna of the julic and tuvalic substages in the Indian 
triassio province Proasrcestes Oaytani has to be added. Thus the majority of 
species (7), which are referable to  forms previously described, are distributed 
through both the julic and tuvalic substages. Six species point to a closer 
relation with julio and four with tuvalio fauna. 

This analysis seems to show that in the fauna of exotic block No. 2 there 
is m assemblage of species indicating nearly equal affinities with the zones of 
Trachycer~  Aorwide8 and of Tropites subbullat~d. It cannot therefore be corre- 
lated with either of them direotly or exclusively, but must he considered as a 
homotaxhl equivalent of both substages. 



111.-FOSSILS FROM EXOTIC BLOCK NO. 6 (MALLA KIOGARH E.G.) 

Four exotic blocks of very small sire were discovered by A. v. Krafft in the 
igneous rocks and black shales of the upper Flyscll near Malla Kiogarh encamping 
ground and marked on the map accompanying A. v. Krafft's memoir (Mem. Qeol. 
Surv. of India, Vol. XXXII, Pt. 3) as E. B. 4, 5, 6, 7. Blocks 6 and 7 yielded 
some fossils of liassic age. I n  tile concretionary limestones of blook 4 no fossils 
were found. Blook 5 is desoribed by A. v. Krafft as a massive, mucll altered red 
iimestooe. Atnong tho small number of fossils collected, one Ammonite has been 
notioed, strongly resembling Sagecerae (1. c. p. 162). A. v. Krafft consequently 
considered this block to be of middle or upper triassic age. 

The number of fossils suitable for a determination is exceedingly small. The 
following two species are represented among my scanty materials :- 

CABNITES &p. ind. PI. XVI, fig. 1. 

The fragments, whiob have been compared to Sageceraa by A. v. Krafft, 
belong to a chambered whorl with a narrow and deeply excavated siphonal furrow, 
mbich is bordered by sharp, marginal keels. I n  its external oharacters this frag- 
ment agrees equally well with representatives of the genera Sagecerae v. Mojs. and 
Carniteu v. Mojs., but the character of its sutural line does not admit of any doubt 
tbat we have to deal with a species beionging to the latter genus. 

Of the sutural line two lobes and saddles only are acoesaible to examination. 
The saddles b v e  reached a stage of development transitional between the bwchy- 
phyllio and doliohophyllic stages. Tlle outer saddle oorresponds with the adventi- 
tious saddle, the inner one with the principal lateral saddle in CarPziteu $widus 
Vl'ulf. The re~emblance of the sutures to those of Oarnitee jZoFidue is very 
striking, but a ~peoific identification of my fragment is, nevertheless, impossible, 
on m o u n t  of its too incomplete state of preservation. 

PROABCESTES sp. ind. ex aff. AUSSEANO v. Hauer. PI. XVI, fig. 3. 

A large specimen of Arcestes is lying before me, showing a diameter of nearly 
100 mm Notwithstanding its remarkable dimensions i t  is entirely chambered. 
The breadth of the whorls surpasses the height considerably. ' h e  well-rounded 
external part passes gradually into the similarly rounded lateral parts. The um- 
bilicus is cotnparatively broad and surrounded by a high :md steep wall. The 
umbilical margin is obtusely rounded. 

I n  the wiroumference of the last volution three varices are faintly developed 
whhh are directed radially, and cross the external part without being turned for- 
Xard. This character distingihhes our species frnm the group of drceetee intuela- 
Biacti, wbich it recalls otherwise by the shape of its umbilicus. The varices are 
flat and low and disposed at regular distances. 
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Diameter of the shell . . . . . .  97 mm. .. .. 19 ,,umbilions . . . . . .  12.5 .. . . . . . .  Height of the above the umbilical suture 45 
lad volution { ,, ,, preceding whorl . . . . .  . a1 ,, 

Thicknese of the last volution . . . . .  . .  . 6 0 , ,  

8wturea.-The external part of my specimen having been injured by weather- 
ing, it ie not pos~ible to examine the details of the aiphond prominenoe, the most - 

characteristic element in the sutures of Arceetea. Otherwise the suturea do not 
di5er from those in the group of Arceatee bicarinati. The principal lateral saddle 
stands on the convexity, by which the external part merges into the sides. There 
are altogether fi se saddles outside the umbilioal margin. 

Remarke.-The determination of chambered nuolei of Arceatid@ is, as a rule, 
unoertaip, the chief features of distinction having been made on differences af nuclei 
and body-chambe1.s by E. v. Mojsisovics. Although the present specimen. shows 

- 

in its general charaoters a great resemblance to Proarceetes Azceaeanva v. Hauer 
(Cephalopoden von Aussee, Haidinger's Naturwiss. Abhandl. I, 1877, p. 268, Taf. 
VIII, figs. &8), it cltn be inoluded in the group of Alroeetee bicarinati with some 
reserve only. 

CONCLUSIONS. 

The carnio type of the fauna of exotic block No. 5 is obvious from the few 
remains quoted above, in spite of the great defioiency of the materials. Both 
Camitee and the group of Arceatea biaarinati (Proarceatee) aro restrioted to the 
carnic stage in the Mediterranean region, of whioh they are characteristio. 

1V.-FOSSILS FROM EXOTIC BLOCKS NOS. 16 AND 17 ( KIOGARH 
. HIGH PLATEAU). . 

South of the Kiogarh high plateau two exotio blocks oontaining fossils of lower 
liassio age have been discovered by A. v. Krafft and marked as Nos. 16 and 17 on the 
map acaompanying his memoir. I n  one plaoe only the limestone was found in 
eitu. A. V .  Krafft (1. c. p. 166) describas the rock as bedded, concretionary, chiefly 
of red oolour, but with a few grey layers, thioker than the red beds. " I t  is 
impossible to say how many liassio blocks were originally present, as they have all 
been more or less deuomposed into large patohes of debris. We can distinguish two 
main ocourrences, one (E. B. 1'7) situated near E. B. 18, a large number of permo- 
carboniferous orags, and the other (E. B. 16) somewhat higher up near the crest of 
a ridge running from south to north." 

The foesila, which were collected by A. v. Krafft in the aocumulation of debris 
at both localities, have not been kept separate, the labels attached to the slabs of 
rook bging marked " E. B, 16 and 17." I have oonsequently treated the fauna of 
the two blocks as a singb one. Although not rich in well-preserved specimens, 
it ia very interesting on aocmnt of ifs affinity with European fauna of lower liassic 
age. 
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DIBRANOHIATA. 

ATEACTITES sp. ind. PI. XIV, fig. 1. 

I n  two Himslayan materials a species of Atractites is represented by two frag- 
ments of phragmacones. They are casts without any traoe of the test. The trans- 
verse seotion is circular. Angle of emergency very small. Distanca of septa 
oonsiderable, equal to three-quarters of the diameter of the anterior septum. 

The scarcity of my materials exoludes any attempt at  a spociiio determination. 
Phragmaoonee similar to  the present ones have been desoribed from the Maxgarita- 
tns- beds (middle Lias) of the Schafberg by Geyer (Die mi ttelliasische Cephalopoden- 
fauna des Hinter Sohafberges, Abhandl. K. K. Qeol. Reischsanst. XV, Bd. p. 65, Taf. 
IX. fig. 3). In the lower lias this group of Btmti tea is represented by A. tiauicus 
Guembel, and by an unnamed species of Valesaoca (Bukowina), which has been 
mentioned by Uhlig (Uber eine unterliasische Fauna aus der Bukowina, Abhandl. 
des deutsch. naturwiss, med. Ver. Lotos, Prag, 1900, Bd. 11, p 31). dtractitea 
italicw Mich. (= orthoceropsi8 Savi et Menegh.) is distinguished from our species 
by its elliptioal cross-seotion. 

Fam. : P H P L X O I D  v. Zittel. 

Gen. : PHYLLOCEBAS, Suess. 

PHPLLOCERA~ MONTGOMEBYI nov. sp. P1. XIII, fig. 1 ; XI, figs. 3, 4. 

This beautiful speoies is represented in A. v. Krafft's colleotion by a large, 
fairly well-preserved cast, consisting entirely of air-chambers, and by several exam- 
ples of smaller size. In  its shape and sutures it shows a very great resemblance 
to Phyllocera8 peraaneobae Herb., from which i t  differs only by some oharacters 
of minor importance. 

The shell consists of very stout, rather rapidly increasing whorls, which 
overlap one another to more than one half of their height, and leave a compara- 
tively wide umbilicus open. The oross-seotion is rectangular with rounded-off 
margins. The broad siphonal area is flatly arohed. The greatest transverse 
diameter is situated in the middle of the height. The lateral parts are almost, flat 
and pass into the vertical umbilioal wall by an obtusely rounded edge, The 
surfrace of the cast has been slightly injured by weathering. It cannot be decided 
therefore whether or not a delicate ornamentation was present. But the absenoe 
of oonstriotions has been ascertained indubitably. 
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That this species is a Himalayan representative of the European group of 
Phylloceraa persanenee, is obvious from a oomparison of the illustrationfi given by 
Uhlig and Fucini. Among the genus Phyllocerae this group forms a v e q  
characteristio section, distinguished by its stout shape and rectangular cross-section 
and by the remarkable development of the principal lateral lobe among its sutural 
elements. Among the species from tl:e lower lias belonging to this group there is 
unfortunately only a single one, Phylloceras persanenee Herbich (Szekierland, 
Mitteil. aus dem Jahrb. der Kgl. Ungarisohen Geologischen Amtalt, V, p. 111,TAf. 
XX, E. fig. 5 ; XX, F. fig. 11, of which satisfactory information is given by the 
memoirs of Uhlig (Ueber eine unterliasische Fauna aus der Bukowina, Abhandl. 
Deutsch. naturwiss, med. Ver. Lotos, Prag, 1900, Bd. 11, p. 16, Taf. I, fig. 1)  and 
Fucini (Cefalopodi liasici del Monte di Cetona I ,  Palmontographia Ital. V I I ,  1901, 
p. 22, Tav. IV, figs. 1, 2). To this species our EimBlayan type is certainly very nearly 
allied, although.it is specifioally different. Both species agree in the shape of the 
cross-section, whioh is almost identical, but Phyllocerne Nontgomeryi has more 
rapidly inoreasing whorls, which overlap one another 1e.s ktrongly, a wider 
umbilicus, and no constrictions. The absence of constrictions distinguishes our 
species likewise from PA. Calaia Meneghini (Fossiles du Medolo, PalBont. Lombarde 
4e s6r. p. 24, Tav. 111, figs. 1, 2), Ph. dubium Fucini ( I .  c .  Palzeont. Ital. VII, p. 
27, Tav. V, figs. 5 ,  6) and Ph. microgoltium Gemmellaro (Sui foasili degli strati 8. 
Ter. Aupasia eto., p. 10, Tav. I, figs. 4-6). I n  the relative size of the umbilicus our 
Himalayan form agrees better with the latter speoies than with Ph. pereanenee. 

European species of this group, whioh are conspicuous by the absence of 
paulostomatio constrictions, are Phy lloceras leptophyllum v. Hauer, Ph. eubcylindri- 

Neumayr, and perhaps Ph. Hebertinum Rep&.*  
Yhyllocerae leptophyllum v. Hauer is only known to us by the unsatisfactory 

description and illustrntion given by Herbich (1. c. p. 112, Tat. XX, H. fig. 1). 
It differs from Ph. pcraaneplee by its whorls increasing more rapidly. In  this 
oharaoter i t  approaches our Himalayan speoimens very olosely. No front view of 
F. v. Hauer's type having been figured by Herbich, a closer comparison is, unfor- 
tunately, not possible. Provided a complete agreement in their external characters 
should be proved, no speoifio identity of P. leptophyllum and P .  Montgomeryi 
could be established, regarding the differenoe in the arrangement of their sutures. 

Phylloceracl subcylindricum Neumay r (Zur Kenntnis der Fauna des untersten 
Lias in den Nordalpen, Abhandl. K. K. Geol. Reiohsanst. VII, p. 22, Taf. 1, fig. 
16) is distinguished by higher, more strongly compressed and more slowly increas- 
ing volutions but agrees with Ph.  Montgomeryi in the width of the umbilicus. 

* Phylloceraa alontinrm Qcrn~rellaro (8ni fmilidegli strati B Terehratula Aspania, etc.,Pslermo, 1887,p. 9, Tav. 
I, fig. 7; 11, figr. 18-20) cannot be counted among those species, ~ L I  might be suggested from a cursory examination of 
Qemmellaro's illnetration on P1. I, fig. 7. The smaller example is provided with four or five constrictions, 8.9 ia obvious 
from Ctemmellsro's description. Pompeakj har discovered a apecies either identical with cr very closely allied to 
Ph.nlmrtinum in the liasriu strata of Kenrik b h ,  Asia Minor. This spaaies shows deep conetrictionn with their 
direation turned very strongly forward (Pslcscntologieche und stratigraphirche Noticen an# Anatolien, Zeitech. 
Dentach. Geol. Ges. 49, Bd. 1897, p. 733, Taf. XSIX,  figr. 6-8). 

K 



68 HIMALAYAN FOSSILS. 

Phyllocercas Hebertinum Keynes (Essai de ghl .  et pal6ont. Aveyronnaises, p. 
04, Pi. 11, fig. 3) is a dwarf species, with its lateral parts more strongty arched 
than in PA. pereanense. In  general its oross-section seems to be less distinctly 
rectangular, especially in the types from the Medolo, whioh have been illustrated 
by Meneghini (Fossiles du Medolo, 1. c. p. 30, P1. 111, fig. 6), which is provided 
with whorls of nerrrlg elliptical outlines. The epeoies from the Kessik tash (Asia 
Minor), whioll has been referred to Ph. Hebertinum by Pompeckj (Zeitsch. 
Deutsch. ~ e o i .  Oes. XLIX, p. 730, Taf. XXIX, fig. lo), shows a closer affinit,y to 
Ph. pel-emenee than the types from the Medolo. The greatest transverse diameter 
is situated in the upper portion of the height, the lateral parts and siphonal 
area are flattened lesv distinctly and the umbilicus is narrower than in P h .  
Molztgomery i. 

Diameter of the shell . . . . . . . 88 mm. 
,, , , m i  . . . . . . .  . 12 ,, 

Height of the above the umbilical suture . . . . 43.5 ,, 
last volution { ,, ,, prsading whorl . . . . . cca. 36 ,, 

Thiokness of the last volution . . . . . . . . 36 9, 

Sutures.-The sutural line is not entirely known to me. Aa far as accessible 
to examination it agrees pretty well with the suturee of Phytlocerae pe~raneuee. 
The less rich ramification of the branches and the more massive sllape of the saddles 
may be partly due to a stronger weathering of the caets in my Himalayan speci- 
mens. I n  the chief characters of the sutural line, namely, i n  the high position of 
tile siphonal lobe and in the width of the lateral lobes, especially of the principal 
lateral lobe, there is a complete agreement between the two species. 

The principal lateral lobe is nearly twice as deep as the siphonal lobe and is 
tripartite at it8 base. The following lobe3 diminish gradually in depth. The 
siphonal lobe is narrow, bifid and divided by a median prominence with entire 
borders. Tile siphonal saddle is dipllpllic. Of its two lat,eral branches the inner 
one projeots strongly beyond the inner terminal leaf. The lateral saddles are 
also diphyllic. The principal lateral and siphonal saddles are of nearly equal 
height. 

Tho sutural line oan only be traced as far as the outer wall of the first auxi- 
liary saddle, but from its position we are allowed to suggest that the number of 
auxiliary elements must have been comparatively small, smaller probably than in 
the t.ypes of Ph.  pereaneraee illustrated by Ulllig and Fucini. 

The sutural line of Phylloce~ae leplophyllunz v. Hauer, although imperfectly 
known to us by Herbich's illustration, differs certainly from the sutures of Ph. 
persanense and P .  Hontgmery i  by shape of the siph onal  addle. Whether or 
not Fucini is right in uniting P .  leplophylleam wit11 P. convexurn de Stefani (Lias 
infeiiore ad Arieti dell' Appennino set tentrionale, Atti Soc. Toscans di ~cienze nat. 
in Pisit, Memorie, V I I I ,  1887, p. 49, Taf. I, fig. 14; 11, fig. 16), cannot be decidod 
unl il la] ger materials of b0t.h speoies are available for examination. 
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Remarks.-'l'he propriety of uniting the group of Phylloceras persanense with 
the eubgenus Geyeroceras Hyatt, which has been proposed for the ascornmodation of  

Ph. cylindricurn Sow. and its allies, is questionable. The two groups agree in the 
rectangular shape of their transverse sections and in the generality of their ex- 
ternal characters, but the sutural line of Ph. c y l i ~ d r i c u m  is distinguislied from the 
sutures of Ph. pe~~sanenee and its allies by the triphyllic arrangement of t,he 
siphonal saddle and by the deep position of the siphonal lobe. To tne both charac- 
ters appear to be of sufficient importance for separating the present species from 
Hyatt's subgen'us Oeyeroceras. 

PHYLLOCERA~ SCLATERI nov. sp. P1. XII ,  fig. 2 ;  XII I ,  fig. 3. 

This species, which is represented by two nearly oomplete and well-preserved 
casts and by some'fragmentary examples, is olosely allied to Phylloceras Zi9oldi 
v. EIeuer, from the lower lias of the Mediterranean provinoe. 'l'he Mediterranean 
species, which is well known to us from the memoirs of F. v. Hauer (Beitraegc eur 
Kenntuis der Heterophyllen in den oesterr. Alpen, Sitzgsber. Kais. Akad. d. 
Wiss. XII, 1854, p. 884, Taf. 111, figs. 8-10), Reynhs (Monographic des Am- 
monites du Lias inf6rieur, Atlas P1. XLIV, figs. 27-31), Qeyer (Ueber die liasi- 
schen Cephalopoden des Hierlatz bei Hallstntt, Abhandl. K. K. Qeol. Reichsnnst. 
XII,  p. 220, Taf. I ,  figs. 13, 14) and Fuoini (Celalopodi liasici del Nonte di Cet.ona, 
Palzont. Ital. VII,  1901, p. 24, Tav. IV, fig. 9) is distinguislied by its compara- 
tively wide umbilious and ovoid oross-section. I n  both characters m y  Him&layan 
species agrees with the European type, from which it differs, however, by its higher, 
more strongly compressed whorls, which inorease more slowly. But in general 
t,he two species approach each other so close!y i n  their external features, 
t,hat with transitional shapes a t  hand, the HirnBlayan form might bo termed a large 
and compressed variety of Ph. Zipoldi. 

In  my larger type-specimen exactly one-half of the last volution belongs to the 
body-cl~amber. The ilmbilical wall ill very steop and separated from the flanks by 
an obtusely rounded edge. 

Fucini considers Phylloceras Hebertinum Reynbs to be the nearest ally t o  Ph.  
Lipoldi. This near afEnit,y is, howaver, restricted to the type from Medolo, as 
illustrated by Meneghini (Fossiles du Medolo, Pal6ontologie Lomb. IV,  A.pper?dice, 
PI. I tI,fig. 6) and not extended to the types from Aveyron as described by Kepnhs, 
or from Asia Minor, whioh have been discovered by Pompeck j. From the present 
species Meneghini'cc examples of Ph. Hebertinum differ remarkably by their wllorls 
increasing more rapidly, by the absence of a distinctly defined umbilical margin, 
by their inflated and regularly elliptical-not ovoid-oross-seotions, and by their 
smaller umbilicus. 

I n  Phyllocerae Waehnerb Oemmellaro (Sui fossili degli strati & Ter. Aspasia, 
p. 11, n v .  I, 6gs. 1-5) the whorls increase still more rapidly, the umbilicue 
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is considerably smaller, and the greatest transverse diameter is situated above the 
middle of the height. 

Phylloceras ancylonotos de Stsfani (Lias inferiore ad Arieti del Appennino 
settentrionale, Atti Soc. Toscana scienze nat. Pisa, Mem., Vol. VIII ,  1887, p. 60, 
Tav. 11, fig. 15), whioh is considered as identical with Ph. Lipoldi by Facini, has 
been based on a fragment too inoomplete to warrant a certain identification. It 
shows no closer aEnity with our Himalayan speoies, having more elliptical outlines 
and a narrow umbilicus. What is seen of the sutural line of .PR. aficytonotoa in de 
Stefani's illustration does not agree with the sutures of Ph. I/ipotd& the siphonal 
saddle appearing to be considerably larger than the principal lateral one. 

Diameter of the shell . . . . . . . . 76 mm. 
,, , , , , n m \ ~ i l i c u r  . . . . . . . . . l a  ,, 

Height of the above the umbilical eature . . . . . 88'6 ,, 
Lst volution i ,, ., preceding whorl . . . . 2 6 , ,  

Thickners of the last volution . . . . . . . . a. 26'6 ,, 

Sutures.-The illustrations of the sutural lines of Phyll.  Lipotdi in the 
memoirs of 3'. v. Hauer, Qeyer, and Fucini do not agree in a satisfaotory manner. 
The differences are too remarkable to be explained by the different state of 
preservation of the examples examined. The sutures illustrated by F. v. Hauer 
and Geyer show n~assive saddles with broad stems, whereas the lobe line figured by 
Fucini is oonspiouous by very slender saddles with elongated branches and small 
terminal phylla. I have had the opportunity of examining Geyer's type-specimen 
from the Hierlatz and of convincing myself of the absolute ~orreot~ness of his 
drawings. 

The sutures of Phyll. Xclateri take an intermediate positiou between those 
in Geyer's type from the Eierlatz and in Fucini's examples from the lower liaa of 
Nonte di Cetona, exhibiting saddles wtlicll are deeply inoised, but provided with 
large t e r m h l  leaves.. All saddles are diphyllio, as in Ph. Lipoldi. The sipllonal 
lobe is as deep as the second lateral one, not remarkably inferior in length to the 
principal lateral lobe, and very narrow. All the lateral lobes are tripartite at their 
base, the median point being the longest. 

'I'here are four auxiliary lobes and three corresponding saddles developed in the 
last septum preceding the body-chamber. 

The siphonal saddle has four branches, including the two terminal phylla. I t  
is considerably shorter than the prinoipal lateral saddle. 

PXYLLOCERAS sp. ind. aff. SCLATEBI, Dien. P1. XIIII, fig. 2. 

This speoies, which is represented by a single, imperfectly preserved cast, 
recalls still more strongly Phytloceras Zipoldi than the typical Ph. Sclaterd. 
It has the l a t e d  parte not flattened, but regularly although moderately arched, and 
a oomparatively high and steep umbilioal wall, whioh is separated from the flanks 
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by an obtusely rounded edge. The umbilir4tls is wider than in Phylocerau Lipotdi 
and in Ph. Sclateri. The whorls envelop one another for two-third yarta of their 
entire height. 

Dimeneims. 
Diameter of the shell . . . . . . . . .  . 6 6 m m .  .. , ,, ,, urnbilious . . . . .  . 1 2  
Height of the ( above the nmbilicd suture . . . 2 6 , ,  

laet volution \ ,, , preceding whorl . . .  . S O , ,  
Thicknees of the last volntion . . . . . . 2 1 , ,  

Sutures.-The sutures are distinguished from those of Phytloceras Sclateri 
by a smaller number of auxiliary lobes, oorreoponding to the larger diameter of the 
umbilicus. There are only three auxiliary lobes and two addles developed. The 
umbilical margin divides the second auxiliary saddle, whereas in Ph. ScZateri three 
auxiliary saddles are exposed within the distance between the uecond lateral saddle 
and the umbilical edge. 

PHYLLOGERAS HOBSEPIELDII nov. sp. P1. XII ,  @. 3. 

The specimen illustrated, a cast consisting of air-chambers only, agrees in its 
external features with Phytloceras oenotrizsrn Fucini (Cefalopodi liasici del Monte 
di Cetona, Palaont. Ital. VII,  1901, p. 34, Tav. V, figs. 8, 9 ; VI, fig. 1) in such a 
remarkable way, that I should not have hesitated to  identify it with this oharaoter- 
istic speoies from the lower lias of Italy but for tho fact that the leas complioated 
structure of its sutural line required a specific separation of the Himtilayan form. 

It is provided with rapidly increasing, very high and strongly compressed 
whorls, which include a compamtively wide' umbilious. 'l'he lateral parts are 
very flatly curved, reaching tbeir greatest transverse diameter below the middle of 
their height. The umbilical margin is narrowly rounded. 

From the typical shape bf PhyZZoceras Zetee d' Orb. ( = A w n i t e r r  heter- 
ophyltue amalthei Quenstedt, Cephalopoden, p. 100, Taf. VI, fig. 1) our specimen 
differs chiefly by its wider umbilious. I t  is distinguished both from the species 
from Enzesfeld, which hw been united with PA. Zetes by F.  v. Hauer (Cephalopo- 
den aus dem Lias der nordostlichen Alpen, Denksohr. Kais. Akad. d. Wissensch. XI, 
1866, p. 66, Taf. XVLII) and from Ph. peilomorphum Neumayr (Zur Kenntnis 
der Fauna des untersten Lias in den Nordalpen, Abhandl. K. K. Ueol. Reiohsanst. 
VII, p. 21, 'l'af. 11, Bg. 4) by a more regularly oval shape of its cross-section. In 
those two species the lateral parts converge as flat planes from the plaoe cor- 
rdspondinq to the greatest transverse diameter, towards the rounded external part, 
whereas they are curved very. distinotly in the direotion of the umbilicus. This 
imparts to their cross-sections a sagittal or subsagittal shape, whereas in my Himti- 
layan species the lateral parts are distino tl y and regularly, although dieoretely, 
arched. 

Phylloceras glaberrimum Neumayr (1. o. p. 20, T a t  11, figs. 2, 3) is too imper- 
h t l y  known to permit of n closer comparison with the present speoies. 



HIMALAYAN FOSSILS. 

Dinae~ions. 
Diametm of the shell . , . , . . . . .  . 67 mm. 

,, ,, ,, urnbilious . . . . . . . . 6'6 ,, 
Height of the above the umbilical suture . . . . . . 3 9 , ,  

1 o u t i o  { ,, ,, preceding whorl . . . . . 28 ,, 
Thickneea of the last volution . . . . . . . 20 ,, 

Sutures.-The sutures of this species are very much like those in Phylloce~as 
dzcbiurn Pucini (1. c. p. 27, Tav. V, figs. 6, 6) and in the Italian types of Phyllocerne 
Lipoldi described by that author. 

The siphonal lobe is shorter than in Ph. dubium, as it does not reach the 
length of the second lateral lobe. The principal lateral lobe is very broad, nearly 
as broad as in the group of Ph. pereartense Herb. All the lobes as far as known 
are tripartite a t  their base, but with the lateral I~ranches arranged rteymmetrically 
to the median indentation. The saddles are diphyilic, with large terminal leaves. 
Tlie lateral branches are especially well developed in the siphonal saddle, which is 
provided with a narrower stem than the rest of the saddles. 

There are two auxiliary saddles present within the distance from the second 
lateral saddle to the umbilical margin. 

From the sutures of Phylloceras oelaotrium the sutural line of this species differs 
so remarkably by its more simple structure, that a close affinity of the two forms 
is rather doubtful, notwithstanding their great external similarity. Por its nearest 
relationsl~ip we will perhaps have to look among the group of P h .  Lipoldi. From 
PR. Sclateri the present ~peoies is distinguished not only by its external features, 
but also by considerable differences in its sutural line, especially by the large size 
of its siphonal saddle, which is ramified more richly. 

PHYLLOCERAS CALDWELLII nov. 8p. P1. XIII,  fig. 4. 

This species, which is represented by a single, almost entirely chambered 
cast in A, v. Krafft's collection, belongs to the relationship of Phylloce~.as Home- 
$eldii, as is obvious from the similar structure of its sutural line. 

In its external shape and involution it is distinguished from Ph.  Hmee1;eldii 
by its whorls being more strongly convex and arched less regularly. The greatest 
transverse diameter is situat,ed in the umbilical region. I n  tlie posterior half of 
the last volution it coincides with the umbilical margin, whioh is rounded off 
sharplp. Kear the aperture i t  is shifted somewhat, towards tlie lower part of the 
fl.anks, which pass into the high and steep umbilical wall in a more regularly 
rounded curve. Thus the transverse section is of a decidedly subsagittal shape, 
muc'h more so than in  Phylloceras oenotrium Fucini. 

This character of the cross-section distinguishes our species from the group 
of Ph. frqjadoezlm Reynhs (Essiti de g60l. et pal6ontol. Aveyronnaises, Paris, 1868, 
'p. 98, P1. V, Pig. 1). I n  tho typioal shapes of Ph. frondosum the oross-section 
is, according to Pompeckj (Zeitschr. lleutsoh. Geol. Ges. 49, Bd. 1897, p, 729) of 
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regularly elliptical outlines, whereas i t  is slightly oval in some 'forms desoribed by 
J?ucini (Cefdopodi liassici del Monte di Cetona Pte. I, Pal. Ital. VII, 1901, p. 43) 
as transitional shape3 connecting the typioal Ph. froladoeurn and Ph. Waehne9.i 
Gemm. But in some of them the greatest transverse diameter is situated as olose to 
the umbilical region as in our HimAlayan species. 

The siphoml part is narrowly rounded a t  the beginning of the last volution, 
but becomes curved more flatly in the vicinity of the aperture. 

The umbilicus is as wide and deep as in specimens of Ph. oenotrizcm of 
equal size. 

Dimeneione. 
Diameter of the allell . . . . . . .  . . 82 mm. 

, ., ,, umbilicus . . . . . . . .  . 9 ' 6 , ,  
Height of the above the umbilicnl suture . . . . . . . .  48 .. 
last volution . . . .  precdiog whorl . . .  . . .  . 3 6  .. 

Thickness of the last volutiou . . .  . . . . .  . 32 9, 

Sutures. -Agreeing in general with those of Phylloceras HoreeJieldii. A11 
main saddles diphyllic. Three auxiliary lobes and saddles outside the utnbilical 
suture. The second auxiliary lobe coincidas wit 11 the umbilical margin. The two 
inner auxiliary saddles are monophgllic. 

The most charaoteristic feature in the sutural line is the shape of the 
principal lateral lobe, which is very large at  its base and very narrow in its uppar 
portion, where the branches of the bordering saddles approach one anotllor 
considerably. A strong divergence of the basal branohes oE this lobe has also been 
noticed in Phyllocerm Horeefieldiiand in  the group of Ph. fi*ondosum, but in 
none of the species halonging to the latter group is i t  developed as strongly as in 
Ph. Caldwellii, in tvllich the distenos of the extreme basal points of this lobe is 
equal to two-fifths of the entire radius. 

This remarkable enlwgement of the basal region is restricted to the p:incigal 
lateral lobe. Tile seoond lateral lobe is of nornl~l  shape. I ts  median terminal 
point reaohes considerably deeper than the two lateral points, whereas in  the 
principal lateral lobe the differenze in depth between the three basal points is 
almost insigmScont. 

The terminal branciles of the two lateral lobes approaching one another very 
closely, the stem of the principal lateral saddle is laced a t  its base more strongly 
than in Phylloceras zor8eJieldii. 

Remark8.-Among the undesorihed species of Phylloceraa from the lower 
Lios of Adneth tlierd is one, which, from its  external similarity, might be supposed 
to be nearly allied to the present form. 

PRYI,WCBRA~ sp, ind. ex aff. DIENEHI Rosenbg. P1. XII, fig. 5. 

'l'hia is s very remarkable species of Phylloceras, which deserves mentioning 
notwithstanding the very inaomple te and maatisfactory state of preservation of the 
.only speoirnen available for description. 
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It is a widely umbilioated Phylloceras with flatly arched lateral parts and with 
a nearly elliptical cross-seotion. The greatest transverse diameter oorresponds to 
the middle of the height. The siphonal part has not been preserved nor am I able 
to give any exact measurements of the crass-section. 

The most remarkable feature of this species is the development of distinot 
narrow paulostomatio folds, which are directed radially and show an inverse 
imbrication. The two folds, which are clearly exposed in the figured fragment, 
are disposed a t  right angles. Traces of a third radial fold have been notioed 
exactly opposite the anterior one. The folds were probably conneoted with faintly 
marked paulostomatio constriotions, but the poor state of preservation of my only 
type-specimen is not su5cient for a positive conclusion. 

I n  the lower lias of the Kratzalpe (daleburg) there is an undescribed species, 
for which the name Phylloceras Dieneri will be propoeed by Rosenberg, who is 
studying the fauna of this locality, which recalls the present cast in its external 
features. It is also provided with radial folds, which are disposed a t  right angles, 
each quadrant of the last volution being separated from the neighbouring one by 
zl radial fold, which is accompanied by a low constriction. 

Dimensions.--Not measurable. 
Sutures.-Not known. 

Subgen. : SOHILTTOPHYLLO~ERA~ Hyatt (Group of P h  ylloceras 
Uernl aeense Herb.) 

PEYLLOCERAS (SCHIBTOPEYLLOCEBAS) MONGOLICUY nov. sp. 
P1. XI, fig. 2 ;  XII, fig. 1. 

This speoies is a representative of a very remarkable group of Phyllocerataddr 
which is distinguished by wide umbilici and by a triphyllic termination of the 
principal lateral saddle. Two Alpine species of this group have been studied 
most carefully, namely, Phylloceras Uermasewe Herb. and Ph.  plarakpira 
ReynBs. To both of them our Himalayan form ie very closuly allied, without, 
however, being actually identical with either OF them. 

The new name Phyiloceras mmgolicurn is proposed for two specimens. One 
of them is well preserved and nearly complete, one half of its last volution belong- 
ing to the body-chamber. The seoond one is a fragment of the last volution, 
comprising the last air-ch~mbers and a portion of the body-chamber. I n  this 
specimen the sutural line has  been excellently preserved. 

The nearly complete speoimen illustrated on PI. XI, fig. 2, agrees in its shape 
and dimensions very closely with the type-speoimen of Phylloceras Uermcesense, 
Herbich (Szelrlerland, Mitteilungen aus dem Jahrb. d. ungar. Geol. Anst. V, p. 
11 3, Taf. XX, K. fig 1). The slowly inoreasing whorls leave a wide urnbilious 
opea. The sbope of the shell is discifom, with strongly compressed volutions. 
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The transverse motion is irregularly ovoid, with the largest transverse diameter 
situated in the lower part of the height. 

I n  their involution the two specimens do not agree exactly. I n  my 
Hidlayan type the whorls overlap one another to more than one half their 
height. I n  Herbioh's type-speoimen the rate of involution is less consider- 
able, but among the Alpine representatives of P h y  tloceras Uermasense, illustrated 
and described by Waehner (Bei traege znr Kenntnis der tief eren Zonen des Lias 
in den nordastliohen Alpen, Beitraege zur Palseont. und Qeol. 0estsrr.-Ungmm, 
etc., Bd. XI, p. 173, Taf. XXIII, figs. 3.6, Taf. XXIV, figa. 1-8), there are some 
examples in which the overlap of the two last volutions is scarcely inferior to that 
in Ph, mongolicum. 

The siphonal part is sharply rounded, more sharply even than in any of the 
Alpine examples of Phyllocerae Uermaseme illustrated by Waehner, but never 
mute. The lateral parts are marked off from a steeply inclined umbilical wall 
by an umbilical edge, whioh is obtusely rounded. But the umbilioal wall is 
neither as steep nor separated from the lateral parts ~ts sharply as in the majority 
of tlie Alpine types of Ph. Uerrn~sease. It is especially in the inner volutione 
that the low umbilical wall paasea into the lateral parts more grndually. I n  this 
charrtcter my specimen might be compared with the European type illustrated hy 
Waehner on PI. XXIII, fig. 3. 

The peristome has not been preserved, but a deep contraction preceding the 
aperture of my type-speoimen might perhaps indicate the vicinity of the actual 
peristome, provided it were not accidental. 

AS has been demonstrated by Waehner, in Phylloceras Oerrna?s~me an inter- 
n d  shelly ridge is occasionally developed along the median line of the siphonal 

part. I n  casts the presence of this internal ridge is marked by a deep, angular 
depression or furrow. Specimens showing this external furrow have been de,- 
scribed as P h .  aulonotm by Herbioh (Szeklerland, 1. c., p. 115, Taf. XX, 0. fig, 2). 
It is worth mentioning that among the materials mlleoted by -4. v. KmEt there is 
also a fragment with the trace of a siphons1 furrow, recalling somewhat oasts 
of Ph. aulonotm. I t  is too fragmentary to permit of a specific identifioation. 

Waehner's amalgamation of Phylloceras Ge~ma?eenee and Ph. aulonotum has 
heen doubted by Prinz (Centralblatt f .  Enerrtl. etc., 1906, p. 238), who considers 
the letter species as the prototype of a new subgenus Kochites (= Schiatophyllo- 
c m m  Hyatt), but I am not inclined to follow his view, agreeing entirely with 
Uhlig (Centralblatt, 1. o., 1906, p. 421), that no valid arguments have as yet been 
raised against the correotness of the results of Waehner's careful studies. 

It is not impossible that a broad and low keel occurs i n  the vicinity of the 
aperture of my Himdlayan type-specimen, as has been described in large 
examples of Phylloceras 7Ammsense by Waehner, but its presence oannot be 
wertsined, this region of the external part having suffered from weatbering. 

Paulostomatio constriotions or folds are entirely absent i n  all my specimens. 
Fragments of the shelly substance, as far as preserved, are nearly smooth. Of 
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the radial stripes and stria, $hiell have been described and illustrated in PfryNo- 
ceme Uermmrente by Waehner, no traces hhve been discovered, but this fact 1ua-j 
he pa-rtly due to the irnperkot condition of the test. 

Phylloceras Uerma?sense is certainly more nearly allied to Ph.  nrongoliceam 
than any congeneric species of this group. .There exists also a close similarity with 
Ph.  planispirn ReynBs. ' The chief character of distincti6n between the two 
species is the difference in size, Ph.  planiepira being a small form which never 
exceeds 60 mm. in diameter. ' As has been 'remarked by Uhlig (Ueber eine nnter. 
liasisclle Fauna aus del: Bukowina, Lotos, Prag., 1. c., p. 17), the umbilical wall 
of Phyttoceras ptanispira always slope3 a t  flat angles, and has a broadly rounded 
margin. I n  theee two features our species agrees more closely with Ph. 7Jern1~-  

Diameter of the shell . . . .  . . . 92mm. 
,, ,, ,, umbilicus . , .  . . . . 3 0 , ,  

Height of the above the umbilical suture . . 35 ,, 
last rolution { ,, ., preceding whorl . . . . . 2 2 ,  

Thiaknere of the Iast volution . . . - 22 ,, 

Sutures.-'l'he sutural line shows a. remarkable similarity with the sutures of 
Phyllocerae Uerm~eense ,  from which it differs, ho~eve r ,  by the more robust shape 
of the saddles, the phylla bsing oonsiderably smaller in comparison to the stems, 
and by the smaller number of auxiliary elements. I n  both cllaracters it seems to 
agree, perhaps, somewhat more nearly with the sutures of Ph. platlispira, although 
a closer compnrison is rendered di5cult by the incorrect illustration in Reynh' 
memoir and by the very small size of the sutural lines which have been illus- 
trated by Uhlig and Oeyer. 

The sipbonal lobe is very short, reaching less deeply than the external branch 
of the principal lateral lobe. The seaond lateral lobe is shorter t ha i~  the principal 
one, but longer than the first auxiliary lobe-which should, perhaps, be designed 
more exactly as third lateral lobe. From the first auxiliary lobe the line con- 
necting the basal points of the following two lobes runs in a radial direction toward 
the umbilical suture. A third lobe is situated on the umbilical wall. 

An equal number of auxiliary elements has been counted in small examples of 
Phyllocet*m Uermcesen~e by Waehner, whereas full-grown types reaching the 
dimensions of our specimen (PI. XII,  fig. 1) are provided with six auxiliary 
lobes. 

The siphonal saddle is dipllyllic, the inner terminal leaf being the higher one. 
The second inner leaf following underneath the terminal phyllum projects 
rather strongly, making the prinoipal phylla of this  addle approach a tripartite 
arrangement. The principal lateral saddle is distinotly triph y llic, the middle leaf 
being the highest, the external phyllum standing a little deeper than the internal 
one, and a t  a nearly equal level with the inner terminal phyllum of the siphonal 
saddle. It is oonsidei*ably larger than its neighbours. The two following saddles 
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exhibit a diphyllic arrangement. The second auxiliary snddle has one sing12 term- - .  , 

iaal leaf. 
I t  is obvious from a comparison of the sutural lines in Phyllocerae Uerme- 

ienee and Ph. mongolicum that there is an almost complete agreement in the 
arrangement of the phylla of the saddles, even in the minor details. Kevertheless 
there exists a decided difference in the general shape of the saddles, t l ~ e  lobes bein5 
comparatively bmad;the stems massive, the phylla small and slender in my a im& 
ayan species. 

Should the differentiation of the present species not be considered justified by 
its external features of distinotion-which in this as in so many other cases is 
only a matter of individual conception or personal judgment-the structure of its 
sutural line would, :looording to  my opinion, require its separation from Phyllo- 
cera8 Uerm~sense. 

Remarks.-There is some difference of opinion atnong palaeontologists regard- 
ing the systematic posit ion of Phyllocerat~ Uerrn~seaee. 

If all Phylloceratida with a wide urnbilious are included in the genus (or 
eubgenus) Rhacophyllites, as interpreted originally by K .  v. Zittel (Handbuch dsr 
Palaeontologie, 11, p. 439), .Ph Uerrnczsenee must certainly be grouped with this 
genus. The interpretatlpn of Rhacophgllites proposed by E. v. Mojsisovics in  
1902 would not give us any clue for a decision, because, of the two charaotem of 
subgeneric importance, namely, presence of a short siphonal lobe and diphyllic or 
triphpllic arrangement of the main saddle3 but monophyllio auxiliary saddles, the 
first character is developed in Ph. Uerm~senee, whereas the second is not. 

I f  the subgeneric designation of Rhaco~hyllUee is restricted to those Forms of 
Phylloceras in which the body-chamber differs from the chambered parts of the 
shell in shape and soulpture, or in which the auxiliary series is united into a sus- 
pensive lobe, as has been proposed by E. v. Mojsisovios in 1882 and by Geyer in 
1886, it is equally difficult to decide whether or not Ph. Uerm~selzse should be 
grouped with Rhacophyllites. Shape and sculpture of the body-chamber do not 
agree exactly with those of the chambered parts of the shell, because occasionally 
a shelly internal ridge and a low keel are developed in the body-chamber. The 
anxiliary elements ape sot united into n sloping suspensive lobe, but show a serial 
armmgement, dem&sing in size quite regularly from the second lateral lobe to the 
umbilical suture. 

Hgatt (Zittel's Text-book of Palaeontology, English edition, Cephalopoda, 
p. 568) has elevated Phyllocerae aulonotum Herb., which, aocording to Wnebner, is 
identical with Ph. Uerm~senoe, to the rank of a proper subgenus, Schistophyllo- 
cerns. To the same group of Phyllocerata Prinz has applied the subgenerio 
designation of Kochitee, whioh, regarding the law of priority in paleeont~logical 
nornenolature, cannot be acoepted. 

The eubgenerio value of a oharacter, whioh is rather faintly marked and not 
even r .  - . devrloped r in all specimens of Ph. .Uermceoeoak, might be questioned. I t  
might r .  . . also be taken into c~mideratioo, ?a it has been remarked by Uhlig, that .. . - the 
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development of a keel in Phyllocerae is a very subordinate feature in the hietory 
of its evolution, the aarinate forms disappearing without having given rise to any 
progeny. If a subgeneric rank should, notwithstanding those objections, be attri- 
buted to the group of Phylloceras Uet*mase~1)8e=aulonoturn, the present speoies from 
the exotio blwks of Malla Johar ought, probably, to be grouped with Schiatophyllo- 
cerccs, although the presenoe of a keel has not been ascertained. 

Snbgen. : &EACOPHYLLITBB V. Zittel. 

REACOPHYLLITE~ cf. BIBAS Fuoini. P1. XI, fig. 1. 

1901. BhacophyZlile8 gigcu Fwini, Cefalopodi liasioi del Monte di Cetona, h. 1, Palsont. Itel. VII, 
p. 66, Tav. IX, figs. 2-6. 

This species is represented in A. v. Krafft's colleotion by a well-preserved cast 
without any trace of its shelly substance. I t  oonsists both of air-ohambers and 
the body-chamber, to which exactly one half of the last volution belongs. It ie an 
Indian representative of a group of Bhucophyllites whioh is widely distributed in 
the lower and middle lias of Europe, and is very nearly allied to Bhacophgltitee 
gigas Puoini, Rh. transsylvaniczle Hauer and Bh. diopair Qemm. I have referred it 
to the h s t  of these three speoies as cf., although it is perhaps not exaotly identioal 
with it. 

With the type of .Rh. gigas illustrated by Puoini on P1. IX, fig. 4, of his above- 
quoted memoir, my Himslayan speaimen agrees in all its cbaraoters of speoific 
importance. The mhorle are strongly compressed and include a wide umbilicus. 
The lateral parts are very gently arched and separated from the high, steeply 
inclined umbilical wall by a distiaot, obtuse edge, which becomes gradually 
rounded in the body-chamber only. The largest transverae diameter is perbps 
situated a little higher than in Rh, gigas, but the dBerenoe can be insigniacant 
only. The external part is regularly rounded, neither inflated nor trunoated. 

The surface of the chambered parts of the shell is smooth. Near the begin- 
ning oE the body-chamber an indistinot sulcus or constriction has been noticed 
crossing the sculpture in front at oblique angles. The sculpture, whioh is restrioted 
to the body-chamber, consirts of strong and moderately sharp ribs, which are 
separated by broad intercostal valleys. Fifteen ribs are counted altogether within 
the circumferenoe of the body-chamber. The ribs are slightly falciform and 
desoribe a orescent-shaped ourve, with its convexity turned forward in orossing the 
siphonal area. This is the placo where they reaoh their maximum strength, wherects 
they are obliterated gradually in the lower part of the flanks. None of them 
reaches the umbilical region. 

From the Italian type of Bhacophyllites gigm our speoimen differ3 in some 
subordinate details of ite shape and soulpture. Its whorls increase more 
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rapidly, as is obvious from a comparison of the dimensions in the two following 
examples :- 

H in$laym type- Faaini'r type- 
rpecimen* p i m a  (Pl. IX, 6g. 4). 

Diameter of the shell , . . . 89 mm. . . . 78 mm. 
, ,, ,, umbilicus. . . . . 22 ,, . . 17% ,, 

] of the lad rolution . 

The dBerence in the width of the umbilicus is larger than in the height of 
the  last volution. Nor do the proportions of height and thickness in the transverse 
section agree exaotly, our Himtilayan form being comparatively thicker than the 
Italian type-specimen illustrated by Fuoini on Y1. IX, fig. 4. But there are some 
ather European examples of Rh. gigas which seem to agree better with .our speoi- 
men in this respeot. Fuaini did not suoceed in ascertaining the prmenoe or 
absence of a constriction in the body-ohamber of hie specimens, although their 
absence in the chambered parts of the shell was made certain. 

If Fucini's euggestion, that the ribs originate in the vicinity of the umbilioal 
margin, could be proved to be correct, this character might be oounted among the 
subordinate features of distinotion, as in our specimen none of the lateral ribs 
.comes near the umbilical margin. 

Among Fucini's illustrations of Rhacophyllites gigas no view, unfortunately, 
has heen given of the external part. Thus it is impossible to say whether or not 
there exists a completo agreement in the direction of ribs in that region between 
the Himelayan and Italian speoies. 

A second speoies, to whioh the present one appears to be very closely allied, 
is the group of forms from the lower lias of Monte di Cetona, whioh have been 
united with Rhacophyllites transsylvanbus V. Hauer by Fuoini (1. a. p. 62, Tav. 
VIII, figs. 1-7). 

As has been demonstrated by Uhlig (Ueber eine unterliasische Fauna aus 
der Bukowina, Abhandl. d. deutaoh. naturwiss. Med. Ver. LO~OS, Pmg, 1900, 11, 
Bd. p. 80), the name Rhacophyllites transeytvanicue must be assigned to the 
speoimen illustrated by Herbioh on P1. XXI of his memoir " Das Szeklerland 
(Mitt. aus d. Jahrb. d. Ungar. Geol. Anst. V, 1878). Prom this type of the 
species our aimslayan specimen differs considerably by the smaller number of 
its ribs, whioh are curved more strongly along the siphond area. But among 
Fucioi's materiala numerous forms have bnen assigned to the Hungarian speoies, 
whioh might be considered as shapes intermediate betmeen Rh. t r a n 8 8 y l ~ ~ ~ i c u s  
and Bh. diopeie Qemm., some of them bearing a greater affinity to our speaiee 
than the typioal Rh. tranesylvaniclss. It is especially the oar. dortzocacata 
Pucini (Pl. VIII ,  fig. 7) which approaches our specimen in the shape of its cross- 
section and in the direction of the lateral ribs crossing the siphonal area ia 
.c.reeoen.t-shaped curves. But the number of ribs is ooneiderably larger in all the 
3,trrlian types illustrated by Fucini. To this distinctive feature the presenoe of 
pint ly  marked pruloatomatic oo~~atrictiona in the ohambered parts of the Italiaa 
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shells must be added, whereas such are certainly absent in my Himhlayarq 
speoimen. 

A third species which might put in a claim for closer comparison wit11 the 
present one is Rhacophyllites diopsis Gemmellaro (Sugli fossili degli strati ii 
!Z'erebratula A8paeia della contrada Rooce rosse presso Galati, Giorn. di sci. nat. 
ed econ. Palerrno, 1881, p. 6, Tav. I I, figs. 6-8 ; VI, figs. 1, 2). 

The specific iddependence of Rhacophyllitee diopsis has been questioned by 
C. de Stefani, Greco, Fucini and Uhlig, who advocated its amalgamation with Rh. 
flardii Menegh. But in his above-quoted memoir (p. 60) Fucini, disagreeing 
with his former view, insists again on a separation of the two species, restricting 
the name of Rh. .Nard% to Meneghini's type-specimen from Campiglia (1. c. P1. 
VII, fig. 1). 

A comparison between Gemmellaro's type-specimen of Rh. diopsie (@s. 6, 7) 
and my Himalayan example is rendered difficult by the fact that the h t  ie 
provided with the test, whereas the latter is a omt. The number and strength of 
ribs are somewhat larger in Rh. diopsi8, and the ribs are turned forward more 
strongly. The entire absence of oonstrictions has been remarked expressly by 
Gemmellaro. From our species Rh. diopsie is, moreover, distinguished by the 
opening of the umbilicus near the aperture of its body-chamber whorl, where i ts  
umbilical suture leaves the norrnd spiral. 

Two bodp-ohamber fragments from the Hierlatz, which have been described 
as Rhacophyllites qf. diopsio by Geyer (Ueber die liasischen Cephalopoden des 
Hierlatz hei Hallstatt, Abhandl. K. K. Geol. Reichssnst. XII, p. 285, Tuf. I, fig. 20). 
approach our species in the strength and direction of the ribs more closely than 
Gemtnellaro's type, but are distinguislled by the smaller height and greater width 
of their transverse sections. 

From other congeneric species with ribbed body-chambers our specimen is 
easily distinguished. Rhacophyllites Nardii Meneghini -in the narrow circum- 
scription proposed by Fucini ( 1 .  c. p. 48, Tav. VII, figs. 1-7)-and Bh. libertue 
Gemmellaro (1. c. p. 4, Tav. 11, figs. 1-5) have wider umbilici and deep oonstric- 
tioos. Rh. lunemss de SteEani (Lias infer. ad Arielti, I. c. p. 57, Tav. 111, figs. 1, 2) 
and Rh. Quadrii Henegh. are provided with a more delicate ornameutation aud 
with paulostomatic constridtions affeoting both the chambered parts of the shell 
and the body-chamber. 

Sutures.-The sutural line of the present speoimen differs from the sutures of 
RhacophyZlite8 gigm or Rh. tranaaylaanicue by some iusignificant details only. 

The siphonal lobe is bifid, very narrow and short, not reaching deeper than 
the middle of the length of the principal lateral lobe. The lateral lobes are 
tripartite. As in Rh. gigas, the arrangement of basal branohes is different i n  thct 
two lobes, the denticuhtions adjoining the stem of the prinoipal lateral saddle 
being less deep than the opposite ones. From the first auxiliary lobe the autural 
line descends towards the umbilicus, thus exhibiting the arrangement d $utures 
cbaketeristio io  ty piual - repreaenta lives - of Rhacophyl$iter. The number .of 
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'au=iliarj lobes could not be ascerlained, but I do not think tllat more than three 
could be developed in the last septum preceding the body-chamber. 

The siphonal saddle io lower than the prinoipal lateral one. It is diphyllic. 
The inner terminal branch is higher and larger than the outer one. Fucini 
describes this sqddle as triphyllic, counting the large lateral inner branch among 
the terminal leaves. With this view I am, however, obliged to disagree, the two 
real terminal phylla being distinctly laced at  their base and thus separated from 
the next lower phylla, which must consequently be considered as lateral, not as 
terminal ones. 

The lateral saddles are diphyllic. The second lateral saddle differs from the 
corresponding element in Rh.  gigas by tlie larger size of tho outer lateral branch. 
Another subordinate ditference consists in the shape of the main sctddles, which 
are laced at  their bases more strongly in the present example. 

RHACOPHPLLITES SCHOPARIPORMIS nor. sp. Y1. XII, fig. 4. 

This species of Riracoph@lites represents a very peculiar type, which is 
distinguished by the trumpet-shaped enlargement of its body-chamber in the 
apert ural region. 

My type-specimen is a somewhat fragmentary cast, but sufliciently well 
preserved for allowing a satisfactory reconstruction, whioh is enough to render con- 
spicuous all its external features. In its involution i t  agrees almost equally well 
with some widely umbilicated species of Phyllocerae (Ph. Sclateri Dien., Ph. 
perecwbes~e Herb.), as with some types of Rhacophyllites stella Sow., possessing 
comparatively narrow umbilici. I t  has been grouped with BhacophylZites in 
this memoir on account of its abnormal body-chamber. The remarkable ohange 
in  the cross-section of the last whorl is obvious from the following measurements : - 

Diameter of the shell . . . . . 96mm. 
,, ,, ,, umbilicus . . . . . 15 ,, 

Fii~p,"es8 f at the beginning of the lad mlution . . 30 9 ,  . 11.6 

g$f!:eB8 corresponding to I diameter of B'd mm. . 32 ,, . 21m6,, 

g:F:ess ] near the aperture . . . .  38 91  

. . a b .  4 2 . ,  

The labst volution begins with a high and strongly compressed oross-section 
of a subsagittal shape, the lateral parts converging from the umbilical region, which 
corresponds to the greatest transverse diameter, as very flatly arohed planes 
towards the narrowly rounded siphonal part. The whorl increases rather rapidly 
as far rts the middle of the last volution, changing its transverse section v e q  
slowly, which turns gradually from a subsagittal into a more regular1 y oval shape. 
'In the vicinity of the aperture the width of the cross-section inoreases far more 
considerhhly than its height, and the greatest transverse diameter is shifted 

' towards the middle of tlie volution. Thus a trumpet-sheped inflation of the 
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apertural region is produced, recalling a similar trumpet-shaped opening of 
the aperture in some speoies of Lytoceras (Neumayr). 

The taotual peristome has not been preserved, but oannot have been situate& 
oonsidembly in front of the aperture in my cast. 

The surface ie entirely smooth, without any traces of folds or paulostomatioa 
oonstrictions. 

8utures.-Not known. 

Fam. : PLEURACANTHIDAT Hyatt. 
The careful researches of Waehner have acquainted us with a very interest- 

ing stmk of Ammonites, which seem to. mark transitional stages conneoting 
P h y l l 0 ~ ~ 8 ,  Lytoceras and Pdlocerm, thus proving the common origin of all the 
widely different families of liasic Ammonoidea, the roots of which must probably 
be looked for in the triassio genus blonophyllites (blojmcirites). 

To the groups of transitional forms, combining charaoters of Phylloaeras, 
Lytoceras and Psiloceras, a speoial systematio position should be attributed. By 
uniting one of them (Euphytlitea Waehner) with the Phylloceratida, a second 
one (flctocentrites Waehner) with the Lytoceratide and a third one, consisting 
of two more genera (Plezcrmanthites Can. and Analytoceras Hyatt) in the new 
family of Pleuracanthide Hyatt has not taken sufficient care of their natural 
conneotion. I should prefer to accept the new family of Plezcracanthida, which 
has been proposed by Hyatt, as a descriptive term for all groups of forms by which 
the gaps between Phylloceras, Lytoceras and Psiloceraa are bridged over in the 
lower liassic age. 

It is very interesting to find representatives of this remarkable family in the 
lower lias of the Himtilayas. The presence of two genera at least, Plezcrauanthites 
and Analytoceras, has been asoertained. The presence of Ewphytlites and 
lictocmtrites is as yet doubtful, although very probable. 

Oen. : ANALYTOCEBAS Hyatt. 

1900. AnaZytoceraa Hyatt in K. v. Zittel, Text-book of Pnlreontology, Vol. I, C e p h a l o p 6  p. 568. 

ANALYTOCEBAS sp. ind. aff. ARTICULATO Sow. PI. X, fig. 4. 

Hyatt has been fully justified in elevating Lytoceras articulatum Sow. (A. 
d'orbigny, Palhnt. frang. Terrains jurass. I, p. 312, PI. 97, figs. 10-13) to the 
rank d a proper genus. Although this speoies approaohew a typical Lytocercas in 
its external characters, its sutural line difPem so remarkably by the tripartite 
arrangement of its lateral lobes that i t  oannot be left in that genus. 

I n  the Himtilayan colleotion a single speoimen has been found, which exhibite 
so olose a relationship to Amlytoceras articulatqcm that in a better state of 
preservation it might, perhaps, have led to an identification with the European 
fossil. Only the last volution has been preserved, and eren this has been seriously 
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injured by weathering. It has the external shape of a typical Zytocerae, with 
whorls inoreasing as rapidly as in the specimen illustrated by Waehner on P1. VIII,  
fig. 2, of his monograph of lower liassic Ammonites of the eastern Alps (VII, Teil, 
Beitraege zur Palaeont. u. Geol. Oesterr. Ungarns, eto., Bd. I X ,  1895). Although 
the surface of the whorl is badly oorroded, traoes of the original ornamentation are 
visible in the umbilical region of the apertural portion of the body-chamber. The 
sculpture consists of numerous, thin, radiating lines mhioh are oczasionally inter- 
rupted by stronger folds. These folds are smooth, as in Analytocerns articulatum, 
never fimbriate, as in the group of Lytoceras Jimbriatum. 

Dimensiora8.- Not measurable. 
8uturee.-The sutural line agrees very closely with that in full-grown speci- 

mens of Bna2ytoceras articulaturn. The siphonal lobe is very short, bifid and 
divided by a low median prominence. The most charaoteristic element is the 
principal lateral lobe, whioh shows a tripartite arrangement of its branches, two 
lateral branches being disposed symmetrioally to a median one. This arrangement 
of the lateral lobes differs widely from what is seen in a typical Zytoceras, where 
the lobes are divided into two branches by a median secondary saddle rising from 
the base. 

I n  this character Analytoceras very closely approaches Pfeurac~lnthiles and 
Ectocentritee, and thus enters into the series of forms connecting the two families 
of Ly bocercatide and Psiloceratide. 

The siphonal and principal lateral saddles are diphyllic. Their details have 
been partly destroyed by weathering, but what remains is yet sufficient to show 
that they were arranged on the same plan as the corresponding sutural elements in 
A. articulatum. 

1 have not been able to traoe the sutural line beyond the first auxiliary lobe, 
which is united with the second lateral saddle into a suspensive lobe. 

One half of the last volution belongs to the body-chamber. The sutural line 
illustrated in the figure corresponds to the last septum. 

Gen. : PLEUEACANTHITES Canavari. 

PLEURACANTHITES sp. ind. aff. BIFORMIS SOW. P1. XV, fig. 3. 

.Eytoceras biforme Sow. hits been elevated to the rank of the prototype of a 
proper genus by Cannvari (Atti. Soc. Toscana sci. nat. Proc. verb. 111, 1883, 
p. 279). The distinctive characters of this new genus, for wllich tho name 
PJezlracnnthite8 mas proposed by its author, have been studied in detail by 
Waehner (Beitraege zur Kenntnis der tieferen Zonen des unteren Lias, etc., VII,  
Teil, Beitr. ~alaeont. u. Geol. Oesterr. Ung., etc., IX, 1895, p. 27). According to 
hie diagnosis this genus is distinguished from Lytoceras, with which it agrees in 
its general shape and involution, by the presence of a long body-chamber com- 

1. 



prising more than one entire volution, deep latehl 'sinuses or crescentic 
tubercles, and indistinotly developed siphonal crests. 

A species agreeing in all these charncters of generic importance with the 
European prototype of f leuraaanthite8 is  represented in A. v. Krafft's collection 
by a shgle specimen, which, although incomplete, is suffioiently well preserved to 
permit a safe determination. 

I n  its involution the present example agrees best with the Alpine type, 
distinguished by whorls increasing rather rapidly in height and thiokness. The 
cross-section of the inner whorls recalls very strongly that in Waehner's speoi- 
men from Schreinbach illustrated i n  P1. IV, fig. 1, of his memoir. I t  is nearly 
elliptical, with an obtusely rounded siphonal edge, but is considerably thicker than 
high. In  the lrast volution the height increases more rapidly tbsn the width. At 
the same time the siphonal crest beoomes obsolete and the greatest transverse 
diameter is shifted gradually from the mirldle of the flanks towards the umbilical 
region. This change in the shape of the body-chamber is restricted to the vicinity 
of the aperture, and is a feature of specific distinction between our form and 
Pleuracanthites biformie (Sow.) Canavari (Beitr. z. Fauna d. unteren Lias von 
Spezia, l'alaeontographica, XXIX, p. 156, Taf. XVII, figs. 8-11), in whioh the 
shape of the cross-section is not subjeot to any variation throughout its entire 
length. 

The actual peristome cannot have been situated far from the aperture of 
my specimen, the last traces of septa being visible in the third quarter of the 
penultimate whorl. My specimen was certainly provided with a long body- 
chamber, exceeding the last volution in length considerably. 

The ornamentation is not very strongly marked in my  specimen, but this 
character may be due to its state of preservation, the surface of the oast having 
been injured by weathering. Sinuses corresponding to paulostomes are, however, 
noticed at several plaoes in the penultimate and last volutions. They agree 
exaotly with the corresponding sculptural elements in Pleuraconthites biJorm&. 
In  the penultimate whorl they are even combined with broadly elevated, crescent- 
shaped knobs or folds, exactly like those in the inner volutions of Waehner's 
type-specimen from Schreinbach illustrated on Y1. 111, fig. 2. 

I n  the body-chamber a gradual obliteration of the sculpture is marked by the 
absence of concentric folds. In  the vicinity of the aperture, where the surface 
of the cast has been preserved ~atisfactorily, two delicate paulostomatic stripes are 
exhibited, forming deep sinuses with their convexities turned backwards. 

Diameter of the shell . . . . . . . . .70mm. 
,, ,, ,, nmbilions . . . . . .* . . 30 ,, 

Height of the 1.at rolutbn . . . .' . . . ', 
Thicknen a ,. 
Hdgbt ]at the beginning af the lut rohtion . . . * . . .  16 ,, 
Thicknesr 28 ' ;, 
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$~tureu.-Of the sutural line the siphonal and principal lateral lobes and tbe 

siphonal saddle.only are known to m i  They seem to agree very olosely with the 
corresponding elements i n  P i .  bdformis. 

The siphonal lobe is short, very narrow and provided with a high median 
The siphonal saddle is richly ramified and its terminal phylla are 

comparat ively small. 

Gen. : EUPHYLLTTES Waehner. 

EUPHYLLITES sp. ind. (?) P1. XV, fig. 6. 

The materials of the genus Euphyllites in A. v. Krafft's collections are very 
scanty indeed, and I have as muoh hesitation in plaoing them in this genus as i n  
venturing on their generic determination at  all. Nevertheless I think it 
advisable to mention them here as by them the presence of an Ammonite in the 
liassic crags of Malla Jollar is indicated, which in its external characters eeems to 
allow a close affinity to the smooth variety of Zuphyllktes S t r w h a n n i  Neumayr 
(Zur Kenntnis der Fauna des unteraten Lias in den Nordalpen, Abhandl. K. K. 
Geol. Reicbsanst. VII, p. 36, Taf. VI, fig. 5 ) .  

My specimen is a cast of the body-chamber comprising exactly one half 
volution, with fragments of tho penultimate whorl adhering to it. I n  its involu- 
tion it takes a position intermediate between some triassic species of Discophyllites 
(B.  neojzu*ensis Quenst.) and Euphyllites Struckmanni. A reconstruction of its 
outlines makes me suppose that the width of its unlbilicus was 32 mm,, cor- 
respondillg to  a diameter of 85 mm. But in the shape of the cross-seotion there 
is complete agreement with the ty pe-specimens of E .  Strlcckmanni, as illustrated 
by Waehner (Beitraege zur Kenntnis der tieferen Zonen des unteren Liaq in den 
nord6stl. Alpen, Beitr. Palaont. u. Geol. Oesterr. Ungarns, etc., XI, p. 170, 
Taf. ~ ~ 1 1 ,  figs. 1-8 ; XXI11, fig. 1). Tho lateral parts are perfeotly flat, running 
parallel and passing gradually into the rounded siphonal part, whereas they are 
separated from the steep umbilical wall by an obtusely rounded edge. The propor- 
tion of height and thickness is 34 : 24 mm. 

The surface of the cast, which has beon partly injured by meathering, is 
entirely smooth. 

The present cast bas been broken off, unfortunately, in  front of the last 
septum. Thus the terminal leaves of the two lateral saddles only have been pre- 

served. The? are large and rounded ellipticnlly as in Psilocerae or in Schistophyl- 
loceras Uermtzsense Herb. 

Gen. : ECTOCENTRITES Waehner. 

EC~CENTRITES sp. ind; (aff. ALTIFOBMIS Bon.?). 

A body-ohamber fragment of large dimensions reminds me of the equelly- 
sized example of Ectocentritea aZtifor+8 Bonarelli (Oefalopodi sinemuriani del 

L a 
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Appennino oentrale, Palaeont, Ital., 1899, V, p. 73, Tav. IX, figs. 4 6 )  from the 
lower l h  of Monte di Cetona, which has been illustrated by Fucini (Palaeont. Ital., 
VII, 1901, Tav. XIV, fig. 1). The cast is strongly weathered and not worthy of 
illustration. Ttie cross-section is suboval and compressed, a heigbt of 66 mm. 
corresponding t o  a width of 39 mm. The external part is regularly rounded 
and passes into the flattened lateral parts without any intervention of a distinct 
umbilical shoulder. The umbilical wall it3 high and steep and unites with the 
flanks in a sharply rounded margin. 

The sculpture consiets of numerous ribs, which are disposed rather irregularly. 
The presence of marginal tuberoles could not be ascertained. The siphonal part 
was undoubtedly smooth. 

A more minute desoription of the present cast is precluded on account of its 
insufficient s tttte of preservation. But it is nevertheless interesting to establish the 
fact, that the genus Ectocentrdtes is probably also represented in the Himtilayan 
lias. 

Fam.  : B M A L T B E I D B  Fisch. 

Gen. : OXYNOTICB~AS Hyatt. 

OXYNOTICERAS sp. ind. ex aff. GREENOUGHI Sow. P1. X, fig. 6. 

The fragment of a body-ohamber is comparable by its shape and sculpture with 
Oxyfioticerae Gzlibalianum D'Orb igny (PalBont. frangaise, Terrains jurass, I, p. 
269, P1. 73) or with 0. Greenoughi Sow. (Wright, Lias Ammonites, Palaeont. Soo., 
p. 3$7, P1. XLIV, XLV). It belongs to a moderately compressed and sharply 
carinated ammonite, whose surfaoe was covered with numerous undivided ribs. 
The transverse section agrees best with that of the species from Adneth, identified 
with 0 .  Greenofcghi by F .  v. Hauer (Cephalopoden aus dem Lias der nordoestlichen 
Alpen, Denksohr. Kais. Akad. d. Wiss. XI, 1866, Taf. XII,  fig. 1). I t  islanceolate 
and compressed less ~trongly than in 0. o x y n o t m  Quenst., from which it differs 
also in its ornamentation. The flanks, whioh are moderately convex, meet at  an 
angle of 60 degrees. The keel is mute. 

The umbilioal region having been completely destroyed in my fragment, 
notliing can be said about its involution. Notwithstanding its defeotive oondition 
it is sufficient for certifying the presenoe of the genus O x y n o t i c m  in the liassic 
fauna of the exotic blocks of Malla Johar. A specific determination is impossible, 
because the fragment represents a stage of growth in which nearly all speciee of 
Oxynotbcerae, as distinguished by Hyatt (Genesis of Arietidae, Bmithson. Instit., 
1886, p. 214), are still provided with acute keels. 
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Fam. : BGOCERBTIDB Neum. 

Gen. : SCHLOTEEIMIA Bayle. 

SCHLOTEEIMIA sp. ind. ex aff. TaAPEzoIDALIs (Sow.) Can. PI. XV, fig. 2, 

This is a typioal ~pecies of the genus Schlotheimia, with slowly increasing 
whorls, a wide umbilicus and with radial ribs, which on the siphonal part are 
interrupted along a median furrow where they terminate from either side in 
stout, knob-shaped elevations. The ribs are not turned forward in the vicinity of 
the siphonai margin, as in the majority of species belonging to the group of Schl. 
angulata, but meet one another from either side of the external furrow in a 
straight line. Tllis character is known in Schl. Cham.uaesei d'Orb. of extra- 
Alpine, in Schl. trapezoidalis, Sch2. ventricosa Sow. and Scht. poattaurina Waehn. 
of Alpine species. 

Among those species Schlotheirnirz Cha~*massei shows a less near affinity to the 
present form than the Alpint- types, especially Schl. t~*ccpezoidalis (Sow.) Canavari 
(Unt. Lias von Spezia, Palaeontograpbica, XXIX, p. 165, Taf. XVII, figs. 8, 9). 
Although the only Himilapan specimen available for examination is, un- 
fortunately, fragmenhry, it permits a satisfactory reconstruction of its shape and 
sculpture, suacient for a closer comparison with Schl. trapezoidalis, which is well 
known to us from the careful studies of Waehner (Beitrcaege zur Kenntnis der 
tieferen Zonen des unteren Lias, etc., Beitr. a.  Palmont. Oesterr. Ungarns, etc., IVY 
p. 185, Taf. XXIII, figs. 1-4 ; XXI, fig. 6). 

In its general shape and involution my H i d l a y a n  specimen differs from #chi. 
trapesni&lis by its more slowly increasing whorls and by its wider urnbilious. I n  
these external features i t  reminds us rather of Schl. Donar Waehner (1. c. p. 172, 
Taf. XIX, figs. 4 ; XXI, figs. 1 ,2)  or of Schl. estranodosa Waehner (1. c. p. 168, Taf, 
XX, figs. 7-11), than of Schl. trapezoidalie, but from both species it differs 
essentially in its soulptura. The lateral and siphonal parts are nearly flat, impart- 
ing to the cross-section a rectanqular outline, with rounded-off angles. 

The sculpture oonsists of single ribs. As far as tlie defective state of preserva- 
tion renders the ormaentation visible, no dichotomous ribs have been noticed. 
The ribs are of moderate strength, almost perFectly radial, with rs very small forward- 
turned geniculat ion near the siphonal margin. They originate at the umbilical 
margin as delicate folds, but increase in strength considerably, while crossing 
the lateral parts, till on the siphonal area they swell into stout, knob-sllaped 
elevations, whioh stand opposite each other on both sides of the external 
furrow. It is this cllal-acter of ornamentation whioh imparts to the Rim6layan 
species a similarity with Schl. tt*apeaoidali8. 



D ~ ~ m e .  
Diamoter of the shell . . . . . . . . 61mm. 

,, ,, ,, umbilions . . . . .  . . . 84 ,, 
Height of the M volotion . . . T h i o k m  1 

Sukres.-Tbe last septum separating the body-chamber from the preceding 
air-chamber is exposed in rough outlines. Only the siphonal lobe ahd eaddle are 
known in detail. ~ i~honal ' lobe  narrow and divided by a high median prominence, 
eaoh wing te~rninat~ing in a, single sharp point, very similar to the oorreaponding 
sutural element in Jchlotheimia Donar, as illustrated on 'Ikrf. XI& fig. 4d. of 
Waehner's memoir. Prinoipal lateral saddle united with the following elements 
into a suspensive lobe. 

One-third of the last volution belongs to the body-chamber. 

SC~LOTKEIMIA nov. sp ind. PI. XI, figs. 6, 6 ;  XV, fig. 4. 

This species is nearly allied to the preceding one, from whioh i t  differs chiefly 
by its strongly inflated whorb and by its cmrser soulpture. The ribs are high, 
acute and rarely dichotomising. As in the preoeding species, they are turned for- 
ward very little in the vicinity of the marginal shoulder. 

The cross-section is oval, the lateral parts being gently curved, not flattened. 
The whorls increase slowly and surround a wide, open umbilicus. A more minute 
description of this species is precluded, on aocount of the fragmentary state of the 
casts available for examination. 

Dimensions.-No t meas urable. 
Sutures.--Not known. 

SCELOTEEIMIA sp. ind. aff. MABMOREA Opp. P1. XIV, fig. 5. 

A fragment of a chambered cast of a large Schlotheimia shows its affinity to the 
Alpine group of Schl. marmorea Oppel (Palmontologisohe Mitteil. aus dem Museum 
des bayr. Staates, 1862, p. 130) by its sutural line, whioh is extremely oomplicated, 
much more so than in any of the extra-Alpine representatives of this genus. It 
only needs a comparison of the sutural line of my specimen with the illustration 
given by Waehner on PI. XXII, fig. lc, of his " Beitraege zur Kenntnis cier 
tieferen Zonen des unteren Lias in den nordoestlichen Alpen" (Beitr. Palaeont. 
Oesterr. Ungarns, etc., IV, 1886), to see that we have to deal here with a species 
whioh is very nearly allied to ScAI. mammoreca. That the lobes are less broad in 
proportion to the saddles, cannot; be uonsidered as a distinctive feature of im- 
portance, as this oharaoter is subject to a remarkable variability in SGRI. mcarmorecr. 
As has been stated by Waehn~r,  individuals with low whorls are, as a rule, 
provided with more slender and deeper lobes than types with strongly compressed 
and high volutions. 
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The median prominence is high, broad and strongly serrated. The siphonal 
lobs is deeper than in Schl. mqmorea, taking an intermediate position between the 
median and lateral indentations of the principal lateral lobe. TLie two wings of 
the siphonal lobe diverge very gtrongly. From the base of the siphoual saddle 
an accessorial branoh is cut off by a very deep indentation. This branoh is oon- 
spicnous by being leas deeply serrated than the rest of the branches and by the 
rounded off lines of its secondary indentations. It corresponds exactly to the 
massive branch a t  the base of the outer margin in the siphonal sacldle of Schl. 
marrnorea, but it is provided with larger denticulations. 

The siphonal saddle is very richly ramified and reclines towards the prin- 
cipal lateral saddle, whioh is the higher one. I n  both saddIes the branches of the 
outer margin are considerably larger and developed more rich!y than those of the 
inner one. 

The second lateral lobe is very short and united with tbe following sutural 
elements into a suspensive lobe. The sutural line, as illustrated in fig. 5, ia not 
accessible beyond the second lateral lobe, but on the other side of my c a t  two 
auxiliary lobes are exposed, although the sutural line has there been strongly 
injured by weathering. 

In  its external features this fragment does not differ considerably from equal- 
sized specimens of Schlothedmia marrnorea. But i t  must be borne in mind that a 
closer comparison is, unfortunately, excluded by its fragmentary condition. 
Neither the rate of involution nor the cross-section of the whorls are known' to me. 
The lateral parts are flatly curved and covered with numerous ribs of moderate 
strengtll, which areprovided with acute edges. In  the marginal region they are 
directed forward more strongly thnn in Schl. Chamassei d.'Qrb., but a little less 
strongly than in the typical Schl. vnamo9*ea. There is no distinct siphonal 
furrow developed in the middle of the external part, but only a smooth zone, 
along which the ribs are interrupted. Tliey do not correspond exactly along 
both sides of this zone. 

Among the specimens of .Schlotheimia marrnorea illustrated by Waehner it is 
the middle-sized type from the Kammerkaralps (I. c. 'l'af. XXII, fig. 2), whioh 
itgrees best with our example in the sbape of the siphonal park. 

The fragmentary condition of this specimen does not allow of any measure- 
ments of its parts. 

Gon. : BGOCERBS Waagen. 

&GOCERAS sp. ind. (ex a@. BIPER Quenst. ?) PI. XLV, fig. 6. 

I have mentioned this poorly preserved fragment of the side of an outer whorl 
as the only representative of the genus Bgoceras Waag. in  the fauna of 
exotic blocks Nos, 16 and 17. It is, however, not sufficient to enable me to come 
to a tolerably certain oonclusion about its speoifio position, although i t  might 
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perhaps be placed near B g .  bifer Quenstedt (Cephalopoden, p. 83, Taf. IV, fig. 14, 
Der Jura, p. 103, Taf. XIII ,  figs. 11-13, Ammoniten des scliwabischen Jura, I, 
Lias, p. 169, Taf. XXII, figs. 7-27). 

The whorl is subquadrangular, with the external part well rounded. Number 
of ribs small, about fifteen in the oircumference of an entire volution. Ribs short, 
straight and stout, elevated into obtuse knobs near tbe siphonal margin. Knobs 
oonnected by low bridges, which oross the siphonal area, but not by distinctly de- 
veloped external rhombi. The fragment cannot be attributed therefore to the 
group of B g .  planicosta Sow. 

The regular character of ribs in our fragment seem8 to distinguish it from full- 
sized specimens of A ' g .  bifer as illustrated by Wright (Monograph on the Lias 
Ammonites, Palaontograph. Soc. London XXXIV, P1. XXVI, figs. 1-4) in a 
very remarkable way. But these characteristic features of tlie European species 
are only developed in later stages of growth. Young examples possess straight, 
radially direoted ribs, which are connected by low, forward-curved bridges across 
the siphonal part. 

A specimen reminding us of the present fragment in its external features and 
sculpture l~as  been described from the lower lias of the Hierlatz as B g .  bifer by 
Geyer (Ueber die liasisahen Cephalopoden des Hierlatz bei Hallstatt, Abhandl. 
I(. K. Geol. Reiohsanst. XII,  p. 260, Taf. 111, figs. 18, 19). From this and from 
the equal-sized specimen of B'ocerae bifef* anntdoezcs Quenstedt (Ammoniten, 
etc., Taf. XXII, Q. 20) our specimen seems to differ only by its external ridges 
being lower and by its ribs being stouter and broader. 

If me take into consideration that this habit represents a mode of variation, 
which is likely to be deleloped still more strongly in later stages of growth, the 
independent position of the present form cannot well be doubted. 

Fam. : ARIETIDB v. Zittel. 

Qen. : ARIETITES Waagen. 

I am in accordance with the views of Waehner, K. v. Zittel, Boese and Uhlig 
in rejecting the subgeneria divisions of the genus Arktitee, which have been 
proposed by Hyatt (Genesis of Arietida, Smithson. Instit., 1889) an3 in retaining 
the name Arietites for all groups of liassic forms, which are provided with 
strong radial ribs and keel furrows accorn pan y ing a distinctly developed median 
keel. 

This genus is rather richly represented in the Himilayan lias. In  the follow- 
ing descriptions four species have been enumerated, but their actual number is 
probably larger, the defective state of preservation not permitting of specifio 
determination of several examples. 

811 species are closely allied to types from the lower liay of the Eastern Alps, 
which are well known to us from the careful researches' of Waehner, 
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ARIETITEB cf. COBEGONENSIS (SOW.) Can. P1. XIV, fig. 2 ; XV, fig. 1. 

1883. 2Jgocwas  Coregoneme Canavari, Beitraege zur Fauna des ant. Lias von S~ezia, Pal~ontographira 
XXIX, p. 173, Tsf. XIX, fige. 12-16. 

1888. Arietites Coregonensia Waehner, Beitrmge zur Kenntnie der tieferen Zonen dee nnt. Liae in den 
nordmtl., Alpen, V, Theil, Beitreege zor Pdsont. Oeeterr. Ungarns, eta., VI, p. 811, Taf. XXI, 
figs. 1-3; XXII, figs. 1-4, XXIII, figs. 1.4; XXIV, figs. 1-6. 

This remarkable species is represented by two fairly complete specimens. The 
smaller example is able to make up for the deficiency of the inner volutions in the 
larger one. For their comparison with the Alpine form numerous extlmples from 
the lower lias of Adneth, Breitenberg and Enzesfeld have been available to me, 
among them some of Wmhner's type-specimens. 

I n  the larger speoimen the whorls overlwp one another but very little. 
The last and penultimate whorls differ considerably in the shape of their cross- 
sections. A t  the beginning of the last volution the transverse section is broader 
than high and provided with rounded sides. I n  the last volution the lateral parts 
becomo flattened gradually, and the heisht increases more rapidly than the width. 
I n  the penultimate whorl the greatest transverse diameter is situated in tlie middle 
of the flanks, whereas'in tho last volution it is shifted gradually towards the 
umbilical margin. At the same time the siphonal area is reduced in width and its 
marginal shoulders are formed by .the lateral keels, accompanying tlie two deep 
external channels, whereas a t  the beginning of the last whorl the median keel and 
the accompanying channels occupy only tbe middle zone of the siphonal area. 

I n  all these characters my ppecimen agrees exactly with equal-sized 
examples of Brketites Co?*egouensis. 

Throughout the entire last volution the median keel and the external furrows 
or obannels are well defined. The latter are bordered on the marginal side by 
distinctly developed ridges, which become acute in the vicinity of the aperture. 

The lateral parts of the last and penultimate whorls-of the inner volutions 
nothing has been preserved in this specimen (Pl. XIV, fig. 2)-are.covered with 
very numerous, radiating ribs, which are narrower than the iutercostal furrows, 
strongly elevated and sharp. Only in the vicinity of the aperture they are some- 
what flattened. Their direotion is radial or slightly turned backward. Before 
reacl~ing the marginal shoulder they describe a flat curve, with its concavity turned 
forward. There are about seventy ribs counted within the ciroumference of the 
last volution, corresponding to a diameter of 125 mm. The same number is given 
by Waehxier for the last volution of an Alpine specimen of equal size (PI. XXII, 
fig. 1, p. 317). 

A satiafaotory idea of the shape and sculpture of the inner volutious of the 
Bimtilayan form may be gatl~ered from my smaller specimen (Pl. XV, fig. l), 
which is probaljly ent ireIy chambered. 

I n  its transverse seotion this speaimen reoalls very strongly the varieiy 
illustmtcd by Waehner on P1, XXIV, fig. 6. It is comparatively high-mouthed, 

N 
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and provided with a strongly oompressed, nearly rectangular cross-section. Both 
the lateral parts and external area are remarkably flattened. Considering its small 
dimensions, the keel and the lateral channels are developed very strongly. Second- 
ary keels bordering the marginal sides of the channels are dist,inctly defined. 

The number of ribs is very large. Not less than 641 ribs are counted within 
the biroumference of the last volution, oorresponding to a diameter of 67 mm. In 
the penultimate whorl of the speoimen illustrated by Waehner on P1. XXII,  fig. 1, 
59 ribs have been oounted within a circumference oorresponding to the same dia- 
meter. The ribs are straight, exactly radid, very slender, and slightly elevated 
near the marginal shoulder where they become obliterated very rapidly. The exter- 
nal area having been partly injured by weathering in my specimen, I oannot say 
whether or not they do meet the margin~l  ridges in a forward-bent curve. 

Dimems&m. 
pi. XI v, fig. a. PI. xv, fig. 1. 

Diameter of the shell . . . . . . 116 mm. . . 63 mm. 

9 ,, ,, umbilicus . . 7 ,, 36.6 ,. 
Height 
Thioknese ] s t  the aperture 

Height 1 at  the beginning of the laat velotiou . 81.6 17.6 ,, ,, . . P  
Thicknesl . ?  

Sutures.-Not known in detail. 
Remarks.-My speoimens agree so closely with Arietites Coregoneri&s from the 

zone of 8chlothehia marmorea in the Alpine lower lias, as illustrated by 
Waehner, that I do not hesitate to unite them with that charaoteristic speoies as cf. 

As this identification is of speoial importance for a correlation of the Him& 
ayan lias with the deeper stage of the lower lias in Europe, I shall pass in review 
such species of Arietites characteristio of the higher stage of the Alpine lower lias 
an might put in a claim for a oloser comparison. In this respect our examina- 
tion can be restricted to the group of forms which have been incl~ided in the genus 
Bemiceras by Hyatt, and in the subdivision 0, by A. V. Sutnerin his systematic 
table of Arietide as published by Boese (Zeitsohr. Deutsch. Geol. Qes. XLVI, 
1894, p. 721). I n  this subdivision the groups of A. tardecreacens v. Hauer and of 
A. Coraybeari d'Orb. must bc taken into consideration, but all species belonging to 
these groups and characteristic of the higher stage of the lower lias are provided 
with ribs which are turned forward, even in the inner volutione. This character, 
distinguishes our speoimens a t  once from A. bavapicus Boese (1. c. p. 726, Taf. 
LVI, figs. 1, 2) or from A. Rothpletai Boese (1. c. p. '730, Taf. LVI, figs. 5, 6), 
which otherwise show a considerable resemblance in the external shape and in the 
number of ribs. 

ARIETI~ES nov. sp. ind. ex aff. COREBONENSIB Sow. P1. X, fig. 6. 

This fragment of an outer whorl must be separated from Briatites Coregmenek 
on account of its very low and broad orosa-section. A height of 20 mm. corre- 
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sponds to a transverse diameter of 28 mm. I n  its outlines the transverse seotion 
resembles that of the last volution in large examplee of Arietitea Coregolzensie. 
The greatst  transverse diameter ooinoides with the umbilioal margin, which is 
distinctly defined. From this place the lateral parts oonverge in flat curves 
towards the external part, whioh is remarkably narrow and occupied entiroly by 
the very strongly developed keels and channels. Tlle median keel and the tm 
secondary marginal ridges are of equal height and rounded above, not acute. 

The eoulpture agrees with the ornamentation in A. Coregmensie. The ribs 
become obliterated very rapidly in the vioinity of the marginal ridges, where they 
are curved forward very elightly. 

The deficient state of this fragment renders an exaot determination impossible, 
but the oharacter of ribs and the shape of the cross-section point to a speoies closely 
related to A. Coregonewis. The great thickness of the whorls and the strong 
development of keels and channels might perhaps suggest a comparison with the 
group of A. Bzlcklandi Sow., but an sanity with that group is exoluded by the 
different shape of the cross-section and by the absence of marginal swelling of 
the ribs. 

ABIETITES HIMALAYANUS UOV. Sp. PI. XIV, fig. 4. 

This fragment of the outer whorl and of a small part of the preceding volution 
belongs to a speciee w hicb, in the general alsbape of its -diso, is related to Avietites 
Boesei Uhlig, whereas in its sculpture i t  exhibits a c lo~e  affinity to A. Colaybeari 
Sow. and to A. Cordieri Can. 

As has been stated by Waehner in his excellent description of Ar&jtites 
Cordieri (Beitraege zur Kenntnis der tieferen Zonen des unteren Lias in den 
nordcestl. Alpen VI, Theil, Beitr. z. Palzeonf. Oesterr. Ung. eto., VIII, p. 260, Taf. 
XVII, fige. 1-41 ; XVIII, figs. 1-6), our knowledge of the British species A. Cmybeal*i 
is restricted to Wright's description and illustration of a single specimen of very 
large size (Monograph of the Lias Ammonites 1 Pt. Pdmntogr. Soc., London, 
XXXII, 1878, PI. 11, figs. 1-3), rendering a comparieon \vith moderately sized 
types very difEcult. Kevertheless it is obvious from Wright's illustrrition that our 
Himaayan specimen agrees with A. Cmybeari, exactly in suoh featuree as are 
characters of distinction between the British speoies and its Alpine representative 
A. Cordieri. The ribs, whioh originate in the umbilical sutut-e, run 
across the umbilioal wall and the lower portion of the flanks obliquely backward, 
and turn gradually into a radial direction in the marginal region of the lateral 
parts. Here they swell into knob-shoped elevations, which are not, howerer, 
actual tuberolee, and terminate abruptly in front of the margin~l  ridges. The 
extwmities only of these stout ribs are turned forward slightly in uniting with 
the marginal ridge. 

A speoimen of Arietitea loagidmha Quenstedt (Ammoniten des sohwzebiscken 
N 2 
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Jura I, Lias, Taf. VI, fig. 1) in the colleotions of our University's Palaeontolo9;icd 
.Museum sliows egadtly the same type of sculpture as my Hid layan  example. In 
both of them the ribs terminate stiffly opposite the marginal ridges, and their 
extremities are not protruded along the latter for any considerable distance. 

The external souIptnre is very strongly marked. The marginal ridges are 
well defined, the cllaxinels deeply. excavated, The median keel is high and ele* 
vated oonsiderably above the marginal ridges. 

My specimen differs .both from hietiterr Conybeari and A. Cordk4.i in the 
&ape of its transverse section, which is slender and strongly compressed. I n  the 
last volution a width of 19 mm. corresponds to a height of 22 mm. But a charno- 
ter still more remlrknble is the compressed shape of the penultimate volution, in 
which the corresponding measurements are 9 and 1 2  mm. I n  order to find similar 
proportions, we are obliged to look to the group of drietitee romcrnic&.cus Uhlig. 
I n  this group it is espeoially A. Boesei Uhlig (Ueber eine unterliasische Fauna 
aus der Bukowina, Abhandl. d. med. naturw. Vereins Lobs, 11, p. 29, .Taf. I, fig. 
6) which resembles our species in the shape of the high and oval cross-section. 
But any closer a fk i tg  with the group of A. ronranicue is excluded by the 
difference in their sculpture. In A. Boesei the ribs are direoted forward from 
their very origin a t  the umbilical suture, whereas they are turned backward 
strongly in the umbilical region of my Himalayan form. 

Taking into cousideration the rkmarkable cross-section of the present epecies, 
whioh is combined with a soulptura cliaracteristic of the group of A. Conybea~, its 
independent position cannot well be doubted. On the strength of this fact I have 
ventured to introduoe a new specific name for a fragment, whioh otherwise should 
not have been chosen for a type-specimen. 

Several fragments of inner volutions are referable with some probability to 
this new species. 

Dimensiorts.-Not measurable. 
Sutzsre8.-Not known. 

AEIETITES nov. sp. ind. ex aff. ROTIFORMIS Sow. P1. XIV, fig. 3. 

A small fragment of an outer whorl, consisting of four air-chambere, shows a 
great resemblance in its shape and sculpture to the group of Arktitee r o t ( f o w  
SOW., according to Waehner, is represented very richly in the lower lias of 
the north-emtern Alps. 

As there is only a single, small fragment available for examination, nothing 
definite can be said about the involution of the oomplete shell. But, to judge by 
the proportions of the cross-section and by the curvature of the outlinas, it seems 
to have been a type with very low, slowly inoreasing volutions and with a wide 
umbilicus, comparable, perhaps, to Waehner's type-specimen of A. roti$ormb vap. . - 
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rotator &ynds, illustrated in P1, 11, fig. 1, of his beautiful monograph of the 
Alpine Bmmonites of tho deeper zones of the lower lias (Part VII, Beitr. zur 
Palaeont. u. Geol. Oesterr. Ungarns, etc., IX, 1895). 

The transverse section is of trapezoidal shape, with flattened lateral and 
extsrral parts. The greatest transverse diameter corresponds to the siphonal 
margin. The whorl is thicker than high, if the measurement is taken along the 
stout marginal tukercles. 'In my specimen a height or" 19 mm. corresponds to a 
width of 21  mm. taking the distance between two opposite marginal tubercles as 
transverse diameter. 

Keels and channels are well defined. The median keel surpasses the marginal 
ridges in height. 

Six stout transverse ribs are couuted in my fragment. Their direction is 
radial, with the exception of tlie umbilical wall where they are slightly turned 
backward. They are elevated into strong tuberoles along the ex te rn~ l  margin. 
A second elevation on a considerably smaller scale is noticed in the lower third of 
the lateral parts. The marginal elevations protrude more strongly than in 
any of the equal-sized specimens of A. rotvorniie, as illustrated by Waehner. 
They are even more stout and lnassive t b n  in the example illustrated by F. v. 
Hrruer (Cephalopoden aus dem Lias der nordestlichen Alpen, Denkschr. Kais. 
Akad. d. Wiss. XI, 1 h 6 6 ,  Taf. I, fig. 1). The stout tubercles terminate abruptly 
i n  front of the marginal ridges. 

Sature8.-The sutural line has been excelIently preserved. I t  differs from 
tho sutural line of the typical As-ietites rotiformi8 by its short siphonal lobe, by 
tlie dimeroidic character of the siphonal saddle and by the general height of the 
saddles. 

I n  all the typical shapes of A. rotifornik the siphonal lobe extends beyond 
the principal latera! by about one-third, whereas in my specimen the two lobes 
are oE equal depth. I n  this character as well as in the dimeroidio division of 
the siphonal saddle my Him4syan form appears to be nearly allied to A. Defner-i 
Oppel (Palaout. Mittheil. aus dem Uuseum d. bayr. Staates, I, p. 131, Taf. X, 
fig. 1 Their sutural lines agree, indoed, very closely and differ only in some 
subordinate details, espeoially in the more equal dimensions of the two secondary 
saddles, i n t o  which the sipIlona1 saddle of the HimAlayan species is divided by the 
secorl dary median lobe. 

Taking into consideration the close agreement of the sutural lines, I should 
n ~ t  hesitate in referring our Himalayan form to A. Deflraeri as cf., had not the 
differences in the sculpture and shape of the crass-section peremptorily required 
its isolation. A Depneri is a high-mouthed species with a rectangular cross-section 
and more numerous ribs, an3 is therefore i n  this respect allied to our species less 
closely than A. ~oto'forrnis. 

The Himilay an species described here seems to represent a yery in tereating 
type of Arietites, combining the external cliaracters of A, rofvormis with the sutural 
line of A. Defneri. 



CONCLUSIONS. 

The fauna of exotic blooks 16 and 1 7  czonsists of the following forms-all' 
of them Cephalopoda :- 

1. Atractitea 833. ind. 

2. Phylloceras Montgomeryi nov. sp. 
3. ,, Sclateri nov. sp. 
4. ,, SOQ. 8p. a f .  Sclaterk. 
5. ,, Borsejieldik n w .  up. 
a 9 ,  Caldwellii nov. 8p. 
7.  ,, sp. ind. a f .  Dieneri Rosenbg. 
8. ,, (8cListophyllocero;s) mongolicnm now. 8p. 
9. Rhacopliyllites cf. gigas Fncini. 

10. JJ schofariformia nov. 8p. 
11. Euphyllites sp. ind. (?) 
1%. Analytoceras sp.  ind. a f .  articulate Sow. 
13. Ectocentrites up. id .  ( a f ,  a l t i f o m i s  Bon. ?) 
14. Pleuracantliites ap. knd. a f .  biformis Sow. 
15. O;~.ynoticeras sp. ind. a f .  Greenoughi Sow. 
16. Schlotheimia sp. ind. ex a f ,  trapeaoidalis Can. 
17. ,, 8p. id. 
18. ,, 821. ind. o f .  marmorea Opp. 
19. Begocerar 8p. ind. ( e t  af. bifer Quenst. ?) 
20. Arietites cf. Coregonensia (Sow.) Can. 
21. ,, now. 8p. ex o f .  Coresonensis SOW. 
Z2. ,, himalayanus nov. sp. 
23. ,, now. sp. ind. ex  a j .  rotiformke SOW. 

Among the ammonites the genus Phylloceraa predominates both in the number 
of species and individuals. It is interesting to compere the distribution of genera 
among the number of fossils mhich have been actually collected by A. v. Krafft. 
His collections from exotic blocks 16 and 17 contain altogether 87 specimens 
of ammonites which permit of a generic determination. Among t h ~ m  
Phyllocerccs is represented by 61, Rhacophyllites by 2, Arielites by 20, 
flchlotheimia by 8, and the rest of the genera each by one single individual only. 
This enormous predominanoe of Phy llocerns imparts to our Himtilay an fauna ta 

deoidedly Alpine aspect, and distinguishes it at a single glance from all liassic 
fauna  of middle-European habit. 

The Alpine type of this liassic fauna shows itself immediately and indubit- 
ably, not only in the preponderance of Phylloce~*ae, but also in the close affinities 
of the majority of Himalayan species with Alpine forms. Thero is not one single 
species in this fauna which bears a distinct looal character. Of the striking 
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peouliarities wbioh distinguish the triassic cephalopod faun= of the main region 
,of the Himtilayas from tbe homotaxial faunae of the Mediterranean region, 
nothing is seen in the present fauna. No pal~eontologisf would be astonished 
if  it bad been found in 8ioily or in Greeoe instead of on the Tibetan frontier. 

Among speoies indicating very olose speoific relationships with European 
forms the following may be mentioned :- 

PLylloceras Montgomeqyi-Ph. psrsauenas Herb. 
Phylloceras Sclateri-Ph. LipolrZi Hau. 
Phylloceras Mongolicl~m -PA. Uermasense Herb.  
RAacophyZlites cf .  gigas Fucini. 
Analytoccras sp. ind.  a f .  articulate Sow. 
Plezbl.acantAites sp. ind. a$. hiformis SOW. 
ScAlotiIeimia sp. ind .  a$. marmorea Opp. 
Arietites cf. Coregonersks (Sow.) Can. 

Arietites himalayanus- A. Boesei Uhl. 
A. Conybeari Sow. 

Arietites nov. 8p. a$. rotifo~mis--  A. rotiformi8 Sow. 
A. Deffneri. Opp. 

This list would probably have been still larger, if tho PhyZloceratida of 
the deeper zones of the Alpine lower lias had been submitted to an examination 
as detailed and careful a9 the representatives of other families of Ammonoidea. 
But, unfortunately, a large number of Alpine types of Phylloceras of lower liassic 
age are as yet but  very imperfeotly known. 

Partioularly striking is the fact that the genera Analytocerae, PleuracMztha'te8 
and probably even Ewphyllites and Ectocelatritee, which are remarkable as connect- 
ing links between the fa mi lie^ of Zytoceratida, Phylloceratidce and Psiloceratidce, 
are also represented in this fauna, although they are of very rare ocourrenoe. 

That the fauna of exotic blocks 16 and 17 bears the stamp of lower liassic 
age, as has been noticed by A. v. Kmfft, is shown by the assooiation of genera as 
well as by the affinities of its species to European ones. But the faunal guides 
are yet sufficient for a more exaot determination of the age. 

The speci6o similarities of the majority of species point to a correlation with 
t,he lower stage of the lower lias. I need only emphasize the presenoe of Arietites 
cf. Coregonen8is Sow., of a seoond speoies of Arietites, combining characters of 
A. rotiformas and A. Defner i ,  of a species of Phylloceras belonging to the group 
of Ph. (SchistophyZloceras) Uermcmense Herb., of the genera Analytoceras and 
Pleuracanthites, and the rioh oocurrence of Schlotheimia, which is represented by 
a t  least three species, one of them nearly allied to SchZ. marmrea Opp. 

m e  relationship to the faun= of the deeper zones of the lower lim is, as 
can be easily seen, most clearly marked. On the other hand we cannot exclude 
peremptorily tho possibility of the presence of faunistic elements, which might 
belong to the higher stage of the lower liao. As such elements, indicating perhaps 
a relationsllip with the fauna of the upp9r division of the lower lias, Oxymticercss 
bp. ifsd.  es. a$ Ureenozrghi Sow. and driet i tes  liimalayanw might he taken into' 
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oonsidemtion, -The latter, although recalling 8. Conyheuvi in its sculpture, 
spproaohes in its general shape very closely to A,*. Boeeei Uhl., which belongs to; a 
group of this genus charaoteristic of the higher stage of the loweriliap. 

No great importance should be attributed to the represont.atives of the genus 
Phyllocerae, whioh do not keep narrow stratigraphical llorizons as strictly as 
might be wished for a more exact correlation. It is, however, noteworthy, that 
the group of Phylloceras Parlschi Stur, whioll in the higher stage of the Alpine 
lirts is invaritbbly the most conspicuous for its frequency, is not represented in the 
Himdayan lias. 

The limited occturrence and small thickness of the liassic strata in the region 
of exotic blocks in Malla Johar is no argument against tlie possibility of finding 
both the deeper and higher stapes of the lower lias represented within them. I 
need only refer the reader to the liassic deposits of Transsylvania, as described by 
Herbich, which, although being only 3 m, in thickness and very little extended, 
have yielded numerous ammonites of the deeper and higher ~tages of,,the lower 
lim. 

If we summarize the above observations, we come to the conclusion that 
the fauna of exotic blocks 16 and 17  is to be regarded as homotarrial with the 
lower stage of the lower lias, whereas the presence of equivalents of the higher 
stage has rts yet not been ascertained. 

V. FOSSILS FROM EXOTIC BLOCKS NOS. 6 AND 7 (MALLA KIOQARH). 

Among four small exotic blocks occurring within the upper flysch of Malla 
Jobar near Malla Kiogarh encamping-ground,-marked E.B. 4, 6, 6, 7, on the 
map accompanying A. v. Krafft's memoir-blocks 6 and 7 yielded a small number 
of ill-preserved specimens of Phyllocerae, agocerne, Arietitee and Belemn itee. 
None of them is sufficiently complete to permit a specific determination. 

PEYLLOCERAS sp. ind. of. SCLATERI Dien. PI. XVI, fig. 4. 

This chambered fragment belongs to all appearance to a species very closely 
allied to or identical with PhyZloceras Sclateri, with which it agrees in its shape and 
involution. In  consequence of the injuries which the surface of the wst has 
suffered from weathering, the sutures appear somewhat deformed. 

Several fragments arc also referable with some probability to:thia species, but 
their bad state of preservation does not permit of a safe identification. 

PEYLI,OCERAS sp. ind . aff. MONTGOYERYI Dien. 

An imperfectly preserved cast, measuring 58 mm. in diameter, possessing 
already tho commencement of the body-chamber, is comparable by its shape to 
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PAyZZocerae Montgosneryi Dien. The sutures are but -imperfectly known to me. 
The specimen is not suitable for illustration. 

BGOCERAS sp. ind. P1. XVI, fig. 5. 

This is a form (unfortunately only a small fragment of a ohambered whorl) 
which is oomparable to 2Egoceros b4fer Quenst. in reference to its general shape. 
But the marginal swellings of the stout, transverse ribs are but faintly developed, 
and no external bridges conneating them have been noticed. The sutural line, 
which has been partly preserved, agrees in general with that of A. bifer, as illus- 
trated by Quenstedt in P1. 22, fiq. 11 of his " Ammoniten des echwaebischen Jura " 
I, Th. (Lias). The arrangement of the sutural line is asymmetrical, the siphonal 
lobe with i t  short median prominence being shifted to the right of the median 
plane of the shell. 

ARIETITES sp. ind. ex aff. A. GRUNOWI v. Hauer. P1. XVI, fig. 3. 

The present speoimen, whioh seems to possess the body-chamber, oonsists of a 
fairly well-preserved outer volution. The inner whorls Imve been oompleteiy 
destroyed. It shows a olose resemblance to Atdetites GLrunowi v. Hauer (Cepha- 
lopoden aus dem Lka der nordoestlichen Alpen, Denkschr. Kais. Akad. d. Wis- 
sensoh, XI, p. 27, Taf. VIII, figs. 4-6), being distinguished by a very broad tmns- 
versely elliptical cross-section, and by a low keel, aooompanied by shallow and ill- 
defined ohannets. The lateral parts are strongly curved and covered with numeroue 
and stout transverse ribs, which are bent forward distinotly in the marginal region 
and in the external part. Their direotion is not exaotly radial but slightly turned 
backward, especially so in the umbilioal region. Secondary ridges accompanying 
the siphonal channels are entirely absent. 

The speoimen is provided with a very broad umbilioua. 

. . . . . . . . . . . .  Diameter of the rhell 76 mn.  . . . . . . . . . .  ,, . . . . . .  nmbilioas 

8uturecl.-Not known. 
Remarks.-The new'description and illustrations of F. v. Hmer's s p e o i ~ ,  

which have been given by Waehner (Beitraege eur Kenntnis den tieferen Zonen 
des unteren Lias, etc., Beitr. z u r  Palaeont. Oesterr. Ungarns, etc., VI, p. 320, Taf. 
XXV, figs. 2, 3), enable me to draw a closer comparison between Ardetiteu Grmmwj 
and the present specimen. The latter is distinguished from A. Qrunowi, to w bioh 
i t  i. oertainlg olosely related, by oomparatively lower whorls, by a wider umbilious 
and by the more distinct ooncavity in the direction of the transverse ribs along the 
siphooal margin. The strength and direction of the ribs on the lateral parts is the 

0 
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. same in both species, but on tbe external part the ribs iun muoh further towards 
the anterior margin than is the case in A. Qrrcnozoi. 

L . -  BPLEYNITES sp. ind. 

Several fragments of Belmnitee are only suffioient to determine the genus. 
The rostra are very slender, of an elongated conical shape, reoalling the 

liassio Belemnitee acuariue Schloth. I n  one of the rostra a deep apical furrow haa 
been noticed. 

Ventral or dorso-lateral furrows are not known in any of my speoimens. 

CONCLUSIONS. 

There oan be no doubt that the small fauna of exotic blocks Nos. 6 and 7 
is of lower liaasic age. I t  is probably l~omotaxial with the fauna of blooks 16 
and 17, although this homotaxis munot be proved by the presence of identical 
speoies, on account of the fragmentary oondition of my materials. 

SUMMARY. 

The discovery of the exotic blocks in Malla Johnr by the BixnBlayan expedi- 
tion in 1892, in whioh C. L. Qriesbach, C. 8. Middlemiss and myself took part, has 
acquainted us with a region, in which permian and triassic strata show a develop- 
ment differing from that of the comesponding beds observed in the normal aeotions 
of the Himtilayas. A. v. Kmfft's exploration of the Kiogarh range has not only 
corroborated the facts stated by the Diener expedition, but has filled up two 
important gaps in  the series of the exotio region by the discovery of blocks of lower 
triassic and liassic age.. 

His oareful examination of the entire territory of Malla Johar enabled A. v. 
Krafft lo draw a oloser comparison between the Tibetan series of beds as exposed 
in  the exotic blocks anct the normal Himalayan series. This comparison leads to 
the conclusion that each single subdivision of '  the Tibetan series known so far 
from the perrnian up to the'lias differs from the corresponding Himtilayan division. 

In the mesozoio rooks the lithological difference is most strongly marked in 
the triassic horizons from the beds with Plemhgitee Rohilla to the top of the oarnic 
stage and in the lias. 

In the main region of the Central Himtilayas the triassic beds underlying the 
great mass O F  the Dacl~steinkalk are represented by grey or blaok limestones and 
shales, whereas in the Tibetan series they consist of red limestones exhibiting a 
striking resemblance to the Hallstatt limestones of -the Eastern Alps. A. v. 
Krafft is fully justified in correlating the triassic facies of the l'ibetan series, 
only excepting the noric (juvavic) stage, with the Hallstatt facie& 'h 
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lithological reseibhnce of block No. 2 with the carnio Halstatt limrestone of 
the  Roethelstein near Augsee is, indeed, eo great, that it is no easy matter to distin- 
guish fossils from these two localities without a cloeer inspeotion. 

I n  the norio (juvavio) and rhatic etages the difference hetween the Tibetan 
and Eiimhlagan series beoomes less remarkable. During these stages great rmtsses 
of grey, dolomitic limestones, very poor in fossils, have been deposited i n  both 
areas. " Nevertheless t hare is no complete lithological idehtity between the two, 
the Tibetan grey limestone being massive throughout, while the Himalayan 
Daohsteinkalk is well bedded." 

The sharpest contrast between the two series shows itself i n  the liasaio periods. 
I n  the mair. region of the Himtilayas (Spitij the rhzetic, liassio and oolitio beds 
are of uniform lithological character, oonsistinq of dolomitic, thin-bedded, blaok 
or grey limestones. The red liassio limestone6 of blocks 6, 7, 16, 17 are develop- 
ed in the facies of Adneth, and agree lithologiorrlly most closely with rooks oom- 
posing the liassic crags of the Eastern Carpathians in Transsplvania and at 
Valesaoca (B ukomina) . 

The faunse of the exotic blocks of lower triiassic and of Mnsohelkalk age have 
very ems11 affinitie~ to Alpine fauna, but are connected very intimately with those 
of the correspondin? divisions in the main rdgion of the BimBlapas, although the 
li.thologica1 differences are important. But the osrnic fauna of the Tibetan series 

remnrkable peculiarities pointing in another direction. 
As has been reaarked by E. v. Mojsisovics, the preponderance of A9nmo~ea 

t rachyoetraa j Ceratitoidea and Tropitoidea) with the simultaneous diminution 
of Zewst~aca (especially Arcestoidea) is one of the most striking peouliarities of 
the upper-triassio cephalopod faunse of the Indian provinoe. This proportion of 
the two divisions of triassic Ammonoidea is reversed in the carnic fauna of 
exotio block No. 2. I n  tlie I'ibetan seriee the genera Avceetee and Uiadiscites, 
which are of oomparatively rare occurrence in  the Himslayan series, appear 
~uddenly in large numbers, imparting - to this exotic fauna its special type. With 
thin preponderance of Arceetddea, especially of Cladhci t ide,  is united another 
feature of distinction from the Himtilayan series, and this is the very large percent- 
a,oe of species allied to European forms. Referring the reader to the results of 
my examination of the fauna  of exotic blocks 2 and 5, I need not explain 
further that those fauna bear a peculiar chara2ter whioh distinguishes them from 
the homotaxial fauna of the main region of the Himtilayas, but points to a very 
close affinity with the fauna of the zones of Trachyceras Aonoidee and 2 ' ~ o p i t e ~  
subbzcllatue in the Eastern Alps. 

The agreement of the fauna of blocks 16 and 17 with that O E  the deeper 
stage of the Alpine lower liss is perhaps still more striking. If no other mesozoic 
faun= in the Himalayas were known, our knowledge of this liassic: fauna would not 
justify the establishment of an Indian zoogeographioal province. The oontrast be- 
tween the Xoditerranean and Indian triassic fauna in the Himslayan rogion is nearly 
&literated in the Tibetan region of exotic blocks during the licasuio period. The 
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difference between tho liassic faunae of Wurtemberg or England and the Alps ia, 
indeed, more conspicuous than that between the Mediterranean and Tibetan frrunae 
of the lower lias. The affinities of the latter are extraordinarily close, not a single 
speciee in the fauna of blooks 16 and 1 7  bearing a distinct local oharacter. 

There can hardly be a doubt that to tho north of the main region of the 
H i d l a y a s  there extended from the Eastern basin of the Tethys to the Mediterra- 
nean area a zone, in whioh sediments of a nearly uniform lithological oharaoter 
were deposited during carnic and liassia times, and where the area waa inhabited by a 
fauna with insignificant local peculiarities and barely influenced by the independent 
development whioh is noticed in the mesozoic fauna of the Indian triassic 
province. 

A. v. Krafft and Suess agree in assuming that the Tibetan facies could not be 
ira &tu below the region of exotio blocks i n  Malla Johar, but must have been carried 
there from a territory lying much further to the nortl~. This hypothesis is able to 
explain the rapid change of facies between the Tibetan and Himalayan aeries, but 
it doas not explain tho striking lithological and faunistio agreement which exists 
between the car& and liassic sediments of the Tibetan series, on the one hand, and 
of the homotaxial beds in the Mediterranean region, on the other. I t  is the estab- 
lishment of this agreement whioh I consider to be the most important result of my 
emminution of A. v. Kraff t's Himalayan collectione. 





PLATE I. 

fig. l a ,  6, c, d P a m r ~ o ~ k n n a v s  TarADrcns v. Mojs. 
1, %a, b 
,, 3 4  b YY BnDDEArCU8 Dien. 

I, 4 4  b Mo~sv~nocssks sp. ind. ex. aff. TUBNEBI Hyatt nod Smith. 
,, 5s, b, e NATIOOPSIS sp. ind. ex. aff. OBVALLATE Kokn. 
,, 60, 8 LOXOREYA (POLIQIBINA) cf. LtEe ANS Hoerues. 
2, 7 PEOC~TDONAU~LWE EUDDRAXCBS Dien. 

AH syecimens from the exotic block No. 2. 



Exotic blocks of Malla Johar. 

Geol. Surv. of India. 

Phot. u. Druck v. Max Jam, Wien. 







PLATE IT. 

Pig. l a ,  Z J  c 
1 ,  2 f f , b  

,, QR, 6 
,, 4 4  bJ c 

Sa, b 

J ,  60, Q 
,, ? a ,  b 

HYPOCLADlSCJTEs SUMBATUS 1. Mojs. 
11 ~ U B ~ A ~ I N A T U ~  Gemmellam. 

C ~ ~ v l s c n s s  ef. aorors G e m  

,, BRASSEBTBLAIYEIB v. Moja. S~itllres. 
All specimens from the exotic block No. 2.  

CLAD IS CITE^ cnasse~+TRIATuB v. Mojs. 'l'ylle-specimen f~olu the carnie H an- 
statt lizaestone (Ellipt icus beds) of t he Roethel~tci~i (Salzkan!mel-gut). 
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Phot. u. Druck v. Max JaffC, Wien. 







PLATE V. 
Fig. l a J  b JOVITES cf. BPECTABILTS Dien. 
,, 20, 6 ,, D A C I F O R M ~ S  Dien. 
, 3 JUVAVITES Doas~xns Dien. 
,, 4a, 8 ,, sp. ind. cf. coarcrs Gemm. 

J,  6a,b ) GONIONOTITES of. ~ r ~ ~ r o o s  Gemm. 

,, 7 

All specimens from the exotic block No. 2. 

,, 5 6 8  CLADISCITES CRA~SESTRIATUS V. Mojsisovic~ from the Subbullatus beds of the Vos- 
dersandling(Sa1zkammergut)-Collection of the Vienna Universitp'o Paslon- 
tological Museum. 
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I'l~ot. u. [)ruck v. Max Jafle, Wicn. 







PLATE Vf. 
Fig. l o ,  b, c 
,, 2% b, c 
,r 80, b  
J,  4 
,, 5a, 61 c 

,, Aa, b  
,, 7% b  

,I 6% b  
I f  9 

,, IOa, 6, c 

,, l la ,  b  

DIBCOTBOPITES cf. SANDLINGENSIS V. Hauer. 
TIBETITES BtIOTEN8IS Dien. 

) ANATROPITRS PILGRLYII Dien. 

MARCIABITES IBREQU~.ARICOBTATUS Dien. 
TBOPITES cf. SUBBULLATUS v. Hauer. 
ANATBOPITIE~ cf. BPINOSEB V. Maje. 
TROPITE~ sp. ind. aff. WOUAXI V. Mojs. 

All specimens from the exotic block No. 2. 
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PLATE iT 11. 

Fig. I n ,  b 
,, 2% b 

) JUVAVITES ( G R I E ~ B A C H I T S )  P a s o u o ~ ~ o ~ ~ r ~ ~ a r  Dien. 

, KBAPFTI Dien. 
,, sp. ind. ex. aff. ~UBIWTERRUPTO v. Mojs. 

ANATOMITES sp. ind. aff. OAXrLLr v. Mojs. 
JUVAVITES np. ind. ex ab. SUBINTEKBUPTO V .  M o j ~ .  

,, (GRIESBACRITES) nov. sp. ind. 
J o v m ~ s  DACIFORMIfi Dien. 
ANATOYITES sp. ind. aff. HEXRICI v. Moja. 

All specimens from the exotic block No. 2. 









PLATE V111. 

Fig. 1 DAOXELLA I X D ~ A  Bittn. 
IIALOBIA, sp. ind. 

This ~pecimen from the exotic block S o .  3. 

,, 20, 6, c DISCOPBYLL:T?BS FIDWEILJ. n ie t~  
,, 3 u ,  6 AECESI'ES sp. ind. aff. DKCJPIEN~ v. Mojs. 

,, 40, PBOAROEST~S sp. ifid. (GBOVP of EXTR.\L.~BIATI). 
p 5 4  6 99 (1 )  sp. inci. ex aff .  B A ~ R A X D E I  Lsnhe. 
,, 6a, b Ca~siacella sp. in& 

These f i ~ e  spcciinens from the erotic block No. 2. 
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PLATE XI. 

Fig. I n ,  I ,  c RHA~OPHY L L I ~ R ~  cf. G r o ~ s  Fucini. 
,, 2% I ,  c P t i ~ ~ ~ o o ~ a a s  ( S o a r s ~ o ~ a ~ ~ ~ o c s a ~ s )  ~ o ~ a o ~ r c u u  Dieo. 
3, 3 ) P ~ r r ~ w w r s  M o ~ ~ a o u s ~ n ~  Dien. 
,I 4 

Siphonal lobe and eaddle of the large specimen illustrated on P1. XIII, 
fig. 1. 

,I 6 
, 6 a , b  

) Sce~oramu~a  ip. iod. 

All specimens from the exotic blocks 16 and 1 7 .  
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Phot. U. Druck v. Max Jaffb, Wen.  







PLATE XII. 

Fig. 1 PHYLLOCERAS (SCAISTOPBYLLOCERAS) MOXGH)LICUM Dien. 
,y 20, 6 PHY LLOCERAS SCLATERI Dien. 
9 ,  30, 8 PHY LLOCRRAS HOBSEFIELDII Dien. 
,, 4n, 6, e RHACOPEYLLITES SCHOQARIFORPIIS Dien. 
Y, 5 P~YLLOCERAS sp. ind. ex aff. I)IE~ERI Rosenbg. 

All specimens from the exotic blocks 16 and 17. 
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Phot. u. Druck v. Max J a n ,  Wien. 







PLATE XIII. 

Fig. l a ,  6, c, d PHYLLOCEBA~ &fo~~aourtanl Dien. 
,, 2 4  8 PHPLL~CEE.L~ 8p. ind. eft. SXATEBI Dien. 
r, 8 PHTLLOCLBAS SCLATEILI Dien. 
r ,  4% 6 PHYLLOCEBA~ CAI DWICI LII Dien. 

Al l  ~pcoimens from the exotic blocks 16 and 17. 
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Phot. u. Druck v. Max JaUb, Wien. 







PLATE XIV. 

Fig. la, 3 ATRACTITB~ sp. ind. 
,, 40, 8 A B I E T ~ T ~ S  oE. COBEGOXENBIS (SOW.) Can. 
,, 3% 6 ARIERTE~ nov sp. ex. aff. ROTIYORMI~ Sow. 
,, 4% 6 AR~ETITBS HIMALAYAKUS Diem 
,I 5 4  b S O H L O T H ~ I ~ I A  sp. ind. aff. MAIIMOREA Opp. 
,, 60, BGOCERAS sp. ind. (ex. aff. BIFER Quenst). 

All specimens from the exotio blocks 16 and 17, 
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Phot. u. Druck v. Max JaBc, Wien. 







PLATE XV. 

Fig. la, b, c ABIETITES cf. COREQONBNSIB (SOW.) Can. 
,J 20, Zl SCH~.OTHE~YIA sp. ind. ex aff. TRAPEZOIDALI~ (Sow.) Can. 
r, 3% b P I ~ R A ~ A N ~ I T E S  sp. ind. aff. Bl~oavls Sow. 
,, 4% b SCHLOT~IE~VIA BP. ind. 
,, 50, 6 EUPEYLLITKS sp. ind. (?). 

All specimens from the exotic blocks 16 and 17. 
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P1. xv. 

Phot. u. Druck v. Max JaBC, Wien. 







PLATE XVI. 

Fig. lo ,  6, c CAENITEB 6p. ind. 
,, 2 4  8, c PROARCE~TE~ sp. ind. ex. aff. Anssmo v. Hauer. 

These two specimens from the exotic block No. 5. 
)a 3 4  8 ARIETITEB sp. ind, ex aff. GBUNOWI v. Hauer. 
,, 4a, b PHYLLOCERAS 6p. ind. (cf. SOUTERI Dien). 
,, 5 4  b ~ Q O C E R A S  sp. ind. 

These three specimens from exotic block No. 7. 
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Phot. u. Druck v. Max Jan&, Wien. 
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WITH PLATES, I-VIII. 

INTRODUCTION. 

I n  the introduction to my monograph on the fauna of the permian Productus 
shales of J o h k  and Painkhands i t  was proposed to devote a proper part of this 
volume to the description of the fossil contents of the Kuling shales of Spiti and of 
the Zewdn or Baruv beds of Kashmir, which have been considered to be of carbonifer- 
ous age by previous authors. 

Even then it seemed to me highly probable that representatives of both the 
carboniferous and permian ~ystems were mixed together among the fossils con- 
tained in the Geological Survey's Himalayan collections from the upper palaozoic 
rocks of Kashmir and Spiti. This probability has been greatly strengthened by a 
closer examination of the fossil material entrusted to me for description. I n  
my opinion the Kuling shales of Spiti, or more exactly, their lower portion 
underlying the triassic Otocerae stage, correspond stratigraphically to the Productus 
shales of Johtir and Painkhknda, as h a  already been suggested by Griesbach, and 
must consequently be correlated with the permian system. In  Kashmir this system 
seems to be likewise represented by black micaceous shales, observed by Lydekker 
on a ridge N.E. of Prongam Trhl, whereas the large bulk of fossils from the Zewhn 
or Barus beds are of upper carboniferous age, occupying, a8 i t  seems, the very 
highest stratigraphical position within the carboniferoue system. 

I n  spite of this i t  is impossible to fix the exact stratigraphioal zone of 
every fossil in the Geological Survey's collections from the upper palaozoic rocks 
of Kashmir and Epiti. Notwithstanding the rather limited number of species, 
regarding which their geological age cannot be settled definitively at present, I 
deemed it preferable to let this uncertainty find an  expression in the title of the pre- 
sent monograph. I have used the term " Anthracolilhic '' under which I understand 
both the carboniferous and permian fossils. This term, which I find very convenient, 
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considering the intimate stratigraphical and faunistic connection of the carboniferous, 
and permian systems of the Himtilayas, was originally introduced by Waagen in 
the " Geological Result8 " of his Salt Range Fossils (Vol. IV, 1891, p. 241). I 
am glad to avail myself of it as one of the best denominations in our stratigraphical 
nomenclature, and I sincerely wish that it may be used more generally in 
geological literature than has been done hitherto. 

Before entering into a detailed description of the anthracolithic fossils of 
Kashmir and Spiti, a few notes on the previous geological literature on the subject 
may be found useful. 

The first reference to the existence of carboniferous rocks in the Himtilayas was 
made by Dr. Hugh Falconer in 1838, who proved the oarboniferous age of a lime- 
stone in the Kashmir Valley. l 

I n  1850 W. KingP described the first anthracolithic fossil from the North- 
Western HimBlaya, Stropha2oskca Gerardi, which had been collected by Dr. Gerard 
on the crest of a pass, leading from Ladakh into BisBhir, at  a height of 17,000 
feet. 

Among the fossils, picked up by Dr. Gerard in Spiti and entrusted by him to 
the Asiatic Society of Bengal in Caloutta, a large number was subsequently proved 
to be of anthracolithic age. One of the most oommon shells in his collection has 
been described as S'irzyera Rajah by J. W. SalterS in 1865. 

Although he never lost sight of its being a true carboniferous form, 
closely allied to Spirifer Keilhavii, von Buch, he erroneously inferred that it had 
been derived from the triassic beds of the Spiti-Pass. I n  an appendix to the same 
work, however, Mr. H. F. Blanford4 correctly observed that Spirkfer Bajah did 
not occur in the same bed with triassic ammonites described by himself in 1863; 
but decidedly below them-" in beds, which other evidence combines to show, must 
be referred to the same general relative age, as the carboniferous of Europe." 

Blanford's view regarding the stratigraphical position of the beds with Spirifer 
Bajuh was fully confirmed by Dr. Ferdinand Stoliczka, who in 1864 had examined 
a number of geologioal sections in Spiti and Rupshu. Among the palaeozoic rocks 
of Spiti three different aeries, the Babeh series, Muth series and Kuling series were 
distinguished by that learned author. The Babeh and Muth series he correlated to 
the silurian, the Kuling series to the carboniferous system of Europe. The prevalent 
rocks of the latter series he found:to consist of a dark brown crumbling shale 
and a light coloured, mostly whitish quartzite, generally speaking very difficult 
to distinguish from the top beds of the Muth series." The total thickness of those 
beds, oonsidered by him to be carboniferous, he estimated to be from 100 to $00 

Palaeontological Memoirs of Hugh F a l c m r ,  in " Offiobl Report of Expedition to Kashmir and Little Tibet 
in 1837-38." Val. I, p. 567. 

2 W. x;ig, *'A monograph of the permian foeails of England," Lolldon, 1860, p. 96, P1. XIX, figs, 6, 7. 
J. W. Salter and H. F. Blanfwd, " Pelreontology of Niti in the Northern Himaayss," Calouttg 1865, p. 59. 

4 H. F. Blanford, ibidem, p. 111. 
8. P. Blanfwd, "On Dr. Gerard's ool l~t ion of foeails frotu the Bpiti valley in the Asiatic sooietp'r Muwum, 

Joamal Asist Soc. of Beogal, 1863, No. 2,  pp. 121-138. 
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feet. He reoords the following l id  of fossils, oollected by himself and Dr. 
Gerard' :- 

Spirifsr Mooaakleylersir,  David~.  

,, Keil iavi i ,  v. Bnch (=+A R a j a h ,  Salt.) 

~9 tibeticus, Stoliczka. 
,, altivagua, Stol. 

Productria Purdoni, Davids. 
,, remireticulatus, Mart. 
,, longiepinus, Sow. 

Avieula, sp. 
CardiomorpLa,, 6p. 
Aviculopecten, sp. 
Orthoeeras,? ap. 

Among the species of Lamellibranchiata not a single one permits of a specifio 
determination. A single indistinct cast has been identified as Prodzlcfcss PurdotJi 
but i t  does not warrant a decided determination. The species mistaken for P, 
eemireticuZatzcs and for P. Zoryispinue belongs to the subgenus Marghgera, Waagen, 
and is one of the leading fossils of the Kuling shales of Spiti and of the 
oorresponding beds in Kashmir. 

Whether Spirifer tibetiow and Sp. allivagus are really of anthracolithic age 
is very doubtful. The original geological position of the speoimens colleoted by 
Dr. Gerard is not known. Stoliczka himself found only one loose specimen of 
Spirifer tibeticus near Kibber. On the other hand, Spirifer tibetious is so closely 
allied to Sp. Griesbachi, Bittner,%of upper triassic age, that a distinction between 
them is very diffioult. This question will be more fully discussed by Dr. Bittner 
in hii  memoir on the triaesic Brachiopoda and Lamellibranchiata of the Himslayas 
(Palaeontologia Indica, ser. XV, Vol. 111, Pt. 2). 

Stoliozka's n o k  on the stratigraphical sequesce in Spiti have been partly 
corrected by R. D. Oldbam and C. L. Griesbach. OldhamS in his interpretation of 
the Spiti sections inferred that Stoliozka's " Muth-quartzite " should be rather 
correlated with the carboniferous quartzite of Kashmir, than with the silurian 
system. Griesbaoh' confirmed this view and distinguished the following sequence of 
beds in the anthrwolithio series of Spiti. 

The dark unfossiliferous limestones, which rest on the flesh coloued quartzib 
series of upper silurian age and which probably correspond to the devonian 
system, are oonformably overlaid by eartby, grey, crinoid-limestones from 600 to 800 
feet in thickness. The red crinoid-limestone is overlaid by a fine-grained, white 

1 F. Gtolwaka, Qeologioal seotions wroee the Himtila~an Monntains from Wangtn bridge on the River Sntlej 
to Bnngdo on the Indns, eta," Memoire Qeol. Snrv. of India, Vol. V, Pt. I, pp. 26-29. 

2 C. Diana,  '' Ergebnisse einer Qeologinohen Expedition in den Central Himrllayg eto.," Denkwhr, A M .  
d. Wins. Wien, math. nat. CL, 1896, Bd. LXII, p. 668. 

R. D. Oldham, "Some notee on the geology of the N.W. Himdnyae," Reoorda, Qeol. Surv. of India, VoL XXI, 
1988, pp. 161-168. 

C. L. Qrierbaai, Beaords of the Qeol. Snrv. of India, 1889, Vol. XXII, pp. 168-167, and " Geology d the 
C e n W  Himilryrq" Yam. Qeol. Sam. of India, Vol. XXIII, 1891i pp. 2U-883. 

B 2 



quartzite of about 600 feet in thickness, which Btoliczka originally inoluded in his 
Muth series. This sequence of beds is exactly the same as in the Central Him& 
layas of Kumaon and Gurhwdl. As in tlle eastern sections, the entire series is 
characterised by the scaroity of organio remains. I n  the Geological Survey's 
Himklayan collections this series is not represented by a single fossil which 
would permit of a specific determination. This remark, unfortunately, likewise 
applies to the next rock-group, a grey limestone which, Griesbach states, overlies 
the white qua rtzite conformably. It is a " hard, splintery, grey limestone, in flaggy 
beds of a total thickness of about 70 feet, which has yielded numerous fossils, 
though few in species. Amongst them are several Producti, dthyrie Boyesii and 
Corals. I ts  evident conneotion with the white quartzite and the oharader of the 
foqsils define its upper carboniferous age.'' 

I t  is very much to be regretted that Griesbach's collection doe8 not contain 
fossils from this grey limestone exposed in the Pin river seotion near Mnth, more 
especially so beoause this horizon seems to be absent in the Central Himtilayas of 
Kumaon and Qurhw$l and might perhaps be a representative oE the Zewhn or 
Barus beds of Kashmir. 

The grey limestone near Muth is overlaid by Stoliozka's Ruling series. I n  
this ~eries two groups of a geologically different age have been included by that 
author. The upper portion has yielded the characteristic fossils of the Otocerar 
stage and consequently belongs to the scythian' series of the triassio system. The 
lower portion, consisting of dark, crumbling, often micaceous shales, alternating 
irregularly with sandstone-partings, Grieshach considers to be equivalent of the 

& 

permian Productus shales of Joh$r and Painkhsnda. 
I am of opinion that the local denomination of " Kuliezg shales, " given by 

Gtoliczka, might advantageously be retained for these beds, owing to the claim of 
priority, although beds of lower triassic age had been originally included in Stoliczka's 
" Kuling series. " But a restriction of the original name to the well defined horizon, 
included between the grey limestone of Muth and the Otocerae beds, is not contrary 
to the laws of stratigraphical nomenclature. Among more recent instances I only 
need mention the interpretation of the term '' Partnaoh Schichten " by Skuphos, 
who restricts this name to the lower portion of Giimbel's Partnach beds and 
which has met with the unanimous approval of all Alpine geologists. 

The existence of true anthracolithic rocks in the Kashmir Valley, which had 
been first supposed by Dr. Hugh Falconer in 1838, was definitely proved in a most 
important paper by Captain Godwin-Austen and Th. Davidson, an abstract of which 
appeared in 1864 in the Quarterly Journal of the Geological Society of London.' 
The original paper was, however, only published in 1866.' The sections of the 
fossiliferous rocks near Wasterwan, Barus, Loodoo and Khoonmoo, on the eastern 

l E. v. Mojsiromcr, W. naagen, and C. Diener. " Entwnrf einer Gliederong der pelagimhen Wimente des 
Trine-Syetems," Sitzungaber. kaia A k d  d. Wiseensoh. Wien. math. nat. CI. Bd. CIV., 1895, p. 1278. 

Godwin-dusten, "Geological notes on part of the N.-W. H i d l a ~ a e , "  Qnsrt. Jonrn. Geol. Soc. Vol. XX, 
1864. pp. 383-387 

a On the carboniferons rooks of the valley of Kashmir, with notes on the brachiopode, colleated by Captri~ 
Qodwin-Aueten in Tibet and Kasbmir, by Th. Daaidaon, ibidem, Vol. XXII, 1866, pp. 29-46. 
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side of the Kashmir Valley, 8. of Srinagar, were desoribed in detail by Captain 
Godwin-Austen. The brachiopoda which were all obtained from the Kashmir 
Valley, and not partly from Little Tibet, as stated erroneously in his memoir, have 
been examined by Professor Davidson. The fauna described by this eminent 
author and considered as carboniferous, consists of the following forms, excluding 
those which were too badly preserved to permit of a specific determination :- 

Terebratula (= Dielarma ?)  Buateniana, Dav. 

,, ( Dielaama) aacculus 7, Mart. 
Athyria rubtc'lita, Hall. 
Spiri f  er Rajah, Salter. 

,, F'ihianua, Davids. 
,, Kaahmerienais, Davids. 
,, Yooaakleylenria, Davids. 

,, Up. ind. ( = Lydekkeri, Diener). 
Riynchonella pleurodon var. D a v r e u ~ i a n a ~ d e  Kon. 

,, Kaahmerieraia, Davids. 

,, Barusienaia (misnamed : Barumenris), Davids. 
Streptorlyrchur creniatria, PhiU. ( = nerbya cf .  senilia, Phill.) 
Productw aemireti~ulatus, Mart. 

,, Cora, d'Orb. 
,, rcabn'cudwa, Mart. 
,, Humboldti, dJOrb. (?) . 
,, longiapinws, Sow. (1). 
,, striatra, Fischer, (?). 
,, rpinutosur, SOW. 
,, (?) laetis, Davids. 

Dircina Eashmarienair, Davids. 
Chonetea Hardrensis car. Tibetensis, Davids. (recte Kashmeriertir, 

Lydekker) . 
Chonetes lamis, Davids. 

,, Auatenia~a,  Davids. 
,, (Spi.rfer, Davids.) Baruaienaie, Dav. 

Altogether 25 species, of which 13 only, or about one half of this number, are 
also contained in the Geological Survey's Himtilayan collections from Kashmir. 

Professor Davidson sums up his views regarding the geologioal age of the beds 
from which these fossils were obtained, in the following remarks, (1. c. p. 40) :- 

" Here again we find many of our common and widely spread European and 
American speciee, along with a few, that had not yet been notiued from other parts 
of the world, and whiuh indicate that the carboniferous rocks of Tibet, Kashmir 
and the Punjab belong to one great formation." 

Another very important paper on the geology of the anthmoolithic region to 
the East of the Kashmir Valley was published by Dr. A. Verohbre in 1866 and 
1867.' He stated that the fossiliferous series is underlaid by slates, in which there 

A. V ~ c h d t s ,  "Kwhmir, the Western Hidlsya and the "Afghan Mountains," Journal Beirrtio Sffi of Bengsl, 
Cdontta, 1866, Vol. XXXV, pt. 2, pp. 89-134,169-203, 1867, VoL XXXVI, pt. 2, pp. 201-339. 
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is an abundanoe of contemporaneous volcanic rock. The limestones and shale8 
whicll rest on these volcanic rocks have been divided by Verchbre into three divisione, 
called by him (in ascending order) Zeeawhn beds, Weean beds and Kothair bed& 
The tt.rm a Zeeawhn beds " is, however, taken in a wider sense than in Godwin- 
Austen's memoir, the Zew6n beds having been restricted by the latter author to 
a distinct horizon of the anthracolithic series only, characterised by its abnndance 
of Fenestetlcz. Both the Zeeawhn beds and Weean bede are coneidered to be carboni- 
ferous by Verchkre, whereas the Kothair beds were placed by him in the triassic 
sys tern. 

The numerous fossils collected by Dr. Verchhre in the anthracolithic series of 
gash& Valley have been studied partly by himself and ~ a r t l y  by E. da Verneuil, 
but the results of  the^ studies have, unfortunately, been published in a form whbh 
renders them almost useless. 

The following sfecies are quoted by ~ e r o h ~ r e ' f r o m  the Zenhn beds :- 

~ a r t & ~  Plemingianuu, de Ron. 
Terebratula (Dielaama) aacculuu, Mart. 
S'irifer Pcrcherei, de Verneuil. 

,, rtriatus, Mart. 
,, Mooaakheylenais, Davids. 
,, Rajah, Salter. 

Spiryerina octopZicata war. traneverra, Verch. 
Atllyris aubtilifa, Hall. 

Buddiiata, Verch. 
cf. Boyrsii, Lev. 

RGtaia (Eumetria) grandicosta, Davids. 
Orthia res%pinato, Mart. 

,, ap. ind. 
Stropiomena analoga, Phill. 
Productur costatus, Sowerby. 

)I renrireticulatus, Mart. 
I, Cora, d' Orb. 

$1 Rrr~eboldti, dl Orb. 
,, Purdoni, Davids. 
,, longiapin~s,Sow. 
,, Boliviensi;, d' Orb. 
,, aculeatua, Mart. 

. Strophalosia (?) arachnoidea, Veroh. 
Felsartelle Sykeaii, de Kon. 

,, ;p. ind. 
,, megastoma, de Kon. 

r i d a r i a  mulfangularis, ? Portl. 
Dirteichia ? sp. i d .  
dcanthocladia up. ird. 
Retepora Eepida, de Kon. 
AZveoEitea ueptoaa, 3 Flem. 

Both the descriptions and figures (Pl. I. to X. Journ. bht. Soc. of Bengal, VoL 



INTRODUOTION. 7 

XXXVI, Pt. 2) are so unsatisfactory that I have only been able to identify such 
forms as are represented in VerchBress collection antrusted to me for examination 
by the Director of the Geological Survey of India. For the following species the 
identification seems to be pretty certain :- 

Sp'riferina cf .  Kentuckensir, Shum. 
h'pirifer Moosakheylenris, Dav. 

,, Raj'air, Salter. 
dthyrix sublilila, Hall. 
Retsia ( Eumelria) cf. grandicosta, Dav. 
Productus senaireliculatur, Mart. 

,, Cora, d' Orb. 
,, aculeatus, Mart. 

Orthis resupinata, Verch., is probably identical with v. indka, Waagen. 
Athyris Buddhieta seeme to be really a new species. S$rfer Percherek, on the 
contrary, must be removed from the list of independent species, having been founded 
on strongly weathered waterworn specimens of Sp. Rajah only, which have lost the 
original details OF their ornamentation. 

There can be no doubt about the identity of Verohhre's Z e w h  beds-I prefer 
to adopt the spelling of thb name as given by Captain Godwin-Austen-with 
the anthracolithic rock-group, from which the brachiopoda, collected by Godwin- 
Austen and studied by Davidson, were obtained. The case is different with the 
Weean beds of Verchbre. Neither from Verchbre's deacription of the Kashmir sec- 
tions, nor from his list of the fossil contents of this rock-group is it possible to make 
out whether they actually belong to the anthracolithic aystem or to one of the younger 
horizons in the stratigraphical sequence (Ly dekker's " Supra-Kuling series ") . 

The following species are quoted by Verchhre from the Weean beds of Kash- 
mir :- 

Goniatibs galtgelicux, L. de Kon. 
Nautilus clitellarius, ? SOW. 
Solenopsis imbricata, de Kon. 

,, UOV. dp. 
Cad in ia  Rimalayana, Verch. 

J I  ovaCis,? Mart. 
. Cucullaea, ep. 

Pecten, ep. 
Aviculopecten dixsimilu, Flem. 

,, ovatus, Verch. 
,, raaur, Verch. 
,, circularir, Verch. 
,, 89. iad .  
,, testudo, Vemh. 
,, gibbosus, Verah. 

Arinue, nov. sp. 
8pirtyerina Str acheyi, Salt. 
Productus laevir, Davids. 
Choneter Barwsicnris, Davidr. 



With the exception of the brachiopoda, all the type specimen8 quoted in the 
preceding list are contained in the Geological Survey's collection. Among them a 
single one only, Omintitee galrageticus from Banda, can be safely identified. It is 
identical with Ba~bubites nivalie, Dien., one of the leading foasils of the Hid layan  
Subrobuatue beds of lower trinssic age. Attention has been drawn to this interesting 
fact in my memoir on the Cephalopoda of the lower trias (Vol. 11, pt. I, of 
the present series). The rest of specimens are all undeterminable fragments, quite 
unfit for a specific determination. The Lamellibranchiata mpecially are so 
poorly preserved casts that i t  would be perfectly useless to have them figured. I 
can only say that i t  is absolute1 y impossible to derive from them any satisfactory 
conclusion as to the geological age of the strata in which they occur. Among 
the brachiopoda, Spireferina Stracheyi points to a triassic age, this species 
having been found in the Lilang sries of Spiti by Stoliczka. Thus beds of 
triassic age have undoubtedly been included in the Weean group by Dr. Verchbre, 
but it is impossbile to decide whether this group represents tho lower trias only or 

a may also include the topmost portion of tile anthracolithic system, as was found to 
be the case with Btoliczka's Kuling series in Spiti. 

Both Godwin-Austen's and VerchBre's views of the stratigraphical sequence in 
the Kashmir sections were partly modified by Lydekker' from whose reports on the 
geological survey of the Kashmir, Ladakhand Chamba territories muoh valuable 
information may be obtained, although he was not able to establish a safe classi- 
fication of the upper palaeozoic and mesozoic rocks (his " Zanskar system "), based 
on pal~ontological evidence. Neither did he succeed in separating the triassic 
and anthracolithic systems, nor did he recopise the lower trias and the typioal 
Kuling shales, a1 though both of these horizons are certain1 y present in Kaphmir, 
as was clearly proved by an examination of the fossils in the Qeological Survey's 
H id l ayan  collection. 

The most important additions to our knowledge of the anthracolithic system in 
Kashmir, for which we are indebted to Mr. Lydekker, are the following :- 

The fossiliferous Zew An or Barus beds, the total thickness of which varies from 
30 to 280 feet, rest conformably on a compact white quartzite, which is considered to 
be the equivalent of the carboniferous white quartzite of the Central Him$layas of 
Oldham and Qriesbacll. This quartzite is generally underlaid by massive amygdal. 
oidal and other traps, which frequently, when the bottom quartzitic bed is leas 
strongly developed, pass insensibly u p ~ a r d s  into the fossiliferous strata. Although 
Lydekker hints at  the possibility of these traps with their associated slates being at  
least partly of carboniferous age, he preferred to class them with his Panjal system, 
which corresponds to the older palaeozoic rocks in other parts of the world. These 
slates, characterised by the abundance of contemporaneous volcanic rock, were 
found to be underlaid br  conglomeratio slate, very similar to the Blaini conglomorak 
of the 8imla sections, composed of subangular fragments and rounded pebbles of 
&tea and quartzites imbedded in a matrix of fine-grained slate. 

1 B. Lydekkel; " The of the Ksshmir and Chamba territories and the Eritish district of ghdgrln, * *  
Memoirs Qeol. Mom. of India, Vol. XXII,  1883, Chapters VI, VII. I have not oited the previoua papers of thi, 

in the Becordn of the Qeol. Surv. of India, ar their conteuta are embodied in the memoir quoted. 
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Whereas Lydekker considered this conglomerate, the glacial origin of which 
be advocated, to be of older palaeozoic age, R. D. Oldhtiml compares the Kashmir 
conglomerate to the boulder bed of the Salt-Range and consequently refers it to 
the carboniferous system. 

The following fossils from the anthracolithic rocks of Kashmir have been 
figured by Lydekker, but were not described in detail :- 

Protoretepora ampla, Lonedale. 
Producks semireticwlatua, Mart. 

,, Elurnboldti, d'Orb. 
Spirifer striattra, Mart. 
Pdillipria cf. aemdv$era, Phill. 

These determinakions, which seem to have been chiefly quoted on the authority 
of Dr. Feistmantel, have been considerably modified by my revision of Lydekker's 
fossils. For the following three forms an identification can be established with 
certainty :- 

Productus remkreticulafua = Morginjfera himalayetzris, Diener. 

,, Humboldli = P. Abichi, Waapn. 
&pirife? striatus = 8'. Lydekkeri, Diener. 

Mr. Lydekker was also the first to draw attention to the occurrence of the 
genus Lyttonia in the anthracolithic rocks of the Kashmir Valley? 

In 189 1 Professor W. Waagen published the geological results of his examina- 
tion of the Frodudus limestone fossils of the 8alt-Range. I n  this memoirS he 
briefly discusees the brachiopoda of the Zewhn or Barus beds of Kashmir described 
by Davidson. He remarks that the percentage of truly carboniferous forms, 
that is to  say, of mountain limestone forms, is far largeramong them than in the 
fa- of the Amb beds (lower Productus liniestone) of the Salt-Range, and that in 
the meantime slight affinities to Australian forms were indimted by the presence 
of Spirifer Vihiantse, Dav., and Sp. Kaehrnerieneie, Davids. 

Among the species quoted by Davidson, Waagen found only two identical 
with Salt-Range forms : d t h y  rie eubtilita= Spirigerella Derbyi, Waagen, and Spiri- 
fer Mueakheylensis, Dav. To tnese  specie^ a third one, Diecinhca Kaahmeriensis, 
might perhaps be added, as its affinity to D. Warthi, Waag., amounts almost to 
identity. On the strength of this evidence Waagen came to the conclusion that 
" the Kashmir carboniferous strata should either be placed on a level with the 
lower speckled sandstone of the Salt-Range, or else they should be considered as 
intermediate in age between the latter and the lower Productus limptone or 
upper speckled sandstone." 

There are several points on which I differ from the views of that learned 
author ; these differences will be noticed in the descriptions of the Ksshmir fossils in 
their proper places. 

1 A Manual of the Geoloey of India, 2nd Edition, by B. D. Oldham, Cdoutta, 1893, p. 13rl. 
' Beaords Qeol. Bnw. of I n d i  Vol. XVII, 1889, p. 37. 
a W. Wucrgsn, Salt-Range foeeilr, Palaeont. Indice, MI. XIII,  Vol. IV, Qeologiasl Bea~lts, gp. 166,lM. 
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The material for the present memoir consists of the foseila colleoted in the 
Kuling ehalea of Spiti by Dr. Gerard, Stoliczka, and C. L. Qriesbach, of parts of the 
collktions made by Captain Qodain-Austen, Dr. Verchke and Major Collet in 
Kashmir, and, last but not least, in the rich collections, brought together from the 
anthracolithio rooks of Ladakh and Kashmir by R. Lydekker, with the type speoi- 
mens, figured in Vol. XXII, of the Memoirs of the Geological Survey of India. 

The palaontological literature, which I chiefly consulted, when working out 
Parts 11,111, sad IV of this volume, is given in the following list. 

PALEONTOLOQICAL LITERATURE. 
1809. Martin, " Yetrifimta Derbyenaia, or fignree and desoriptionr of petrifimtions, aolleated in Derbynhire," 

Wigan. 
1814 8owerby, " ?dinerel Conchology of Qreet Britain, " Vol. I, London. 
1817. ScAlotAsim " Beitriige zur, Versteinernngeknnde, " Denksahriftan der Kgl, Akdemie d. Wiasenmb 

Munohen, Bd. VI. 
1820. Parkinaon, " Organic remains of a former world, " Vol. I, London. 
1826-44. Golclfuas, Petrefaota Germanis, Abbildungen nod Bewhreibnngen der Petrefaaten Dentrohlan& 

und der angrenmden Laender. 
1836. Phillips, Illuelrations of the Geology of Yorkshirs, Bud edition. 
1887. PiscAw von WaldAeim, Oryotographie dn Qonvernement de MOWOU. 
1839-42. A. d'orbigsy, Voyage dana 11Am6rique Meridionale, Pal&ntologie, T. aI. 
1840. L. v. Buch, Eseai d'une clssnification dee Delthyris, M6m. Soc. h o l .  de l ib-,  Vol. IV, 
18424& L. de Koniack, Description dee animaax fossilw, qui se tronvent b n s  le terrain carbonifhe dr 

Mgiqne. Mem. de la 800. Boyale des Baiences de Li6ge. 
1848-44. Kutorqa, Beitrag m r  Palseoutologie Ruaslande, Verhandlungen Kak. Bum. LIioed. Qer. a. 

Petersbnrg. 
1844. M'Coy, Sgnopeia of the oharsote~ of the carboniferone foesile of Ireland. 
1844. CA. Darwin, Geologioal obsemations on the volcauio Islands, visited during the voyqge of & &f. 6.8. 

Beagle. Appendix, Descriptions oi foesil shells and oorale from Vm Diemensland, by G. B, 
8orcerby and W. Lcmrdale. 

18%. Streleczki, Physical Description of New South Wales and Van Diememhod. Plilreontology by 
Morris. 

1846. MurcAwor, E. d s  Vemewil et A. ds Keyrwling, 0601ogie de h Bnseie d'Enyope et b Montagn- 
de l'Oural, Vol. 11, PalBontologie. 

1846. L. v. BwA, Ueber Spirifer Ksilhcloii, neber deeaen Fnndort and Verhaeltnim sn rehnliohe Formen, 
Abhandlgn. Koeoigl. Akad. d. Wissenwh. Berlin, p. 66. 

1846. 4. Graf Keyssrling, Wisnene~haftliohe Beobaohtungen auf einer Beise in dae Petscho&and st. 
Petersburg. 

1847. L. de Koninck, lldonographie des genres Produotus et Chonetes, Mhm. de la 80a. Bopale dm 
$oienw de Libge. 

18427. Y'Cpy, On the foesil botany and wlogy  of the rooke m i s t e d  with the oorl of 4 w t d u ,  
Annals and Magwine of Net. History, New York, 1 Mr. Vol. XX. 

1848. L. do Koninck, Nmvelles notioes snr lea foeeiles dn SpiQberge, Bd. Aoed. soyale de Belgiqne, 
VoL XVI, pt. 2. 

1840. Dana, Desoriptions of fossil shells obtniqed by the U. 8. Eqploring Expedition in Australia. 
1860. King, A monogreph of the permian fossils of England, Palmontographical Sooiety, London. 
1861.86. Th. Davidson, A monograph of the British f m i l  Bmchiopoda, Palaeontographical Sooiety, 

&ondon. 
1662. Owen, Report of the Qeologioll Survey of Wisoonsin, Iowa and Minnesob. 
485%. J. Ed1 in H o w d  8tana6urg'r Report of an Exploretioo of the Valley of the Qmt &+It &qke jr( 

Utah, Philadelphia. 
J864. Sj+mayd in $ Mwcy'r Exploration of thg Bed River of Lonjshng, 



8%. B h u d  in 1st and 2nd Annul  Beport GeoL Snrrey of M h d ,  p. 185. 
1866. Ei'ichwdd, Lethaea Bosaioa, Anoienne P6riodeS Vol. I. 
1 ~ .  x-ood and &rotten, Notioe of Pwductw and Choneter es found in the Weutern States and 

Temtoriee, Joum. A d .  of Nat. Saiincee of Philadelphia, VoL 111, p. 6. 
1855. Nmwood and Prattsn, Fossile from the Carboniferous series of the Weetern Lltateq ibidem, p. fl. 
1867. ~ 0 %  Cog and Lasqusreur, Palmontological Beport of Kentuoky. 
186748. Bhumord and Bwallour, Descriptions of new fosaib from the Coal Meeenws of Miseonri and 

w, Tnumatione, A d  of Saienoeq St. Louie, Vole. I and 11. 
1968. Hall,  Beport. on the Geological Survey of Iowa, Vol. I. Pahntology. 
1868. Harcou, Geology of North Amerioa Zurioh. 
3860. (;FruenewaIdt, Beitraege zur Kenutniss der sedimentiiren Gebirgsformationen in den Berghmpt 

manneohaften Yetatherinburg, Slatoust, eto., MBm. Acad. Imper. dee saienoes de St. Peterebourg 
mr. VII, Vol. 11. 

1861. (reinits, Die Dyas 1. Abth. 
1881. &lter, On the fossila from the High Andee, collected by 1. Forbea, Quart. Joum. GeoL Soi., Vol. 

XV 11, p. 6%. 
1862. Dauidson, On some carboniferous Braahiopode, collected in  India by A. Fleming and W. Purdon, 

Qnart. Joum. Qeol. Soa., London, Vol. XVIII, p. 26. 
1863. L. de Koninck et Th. Dowidson, " Memoire m r  les foseilen pl6omiques recenillie dam l'Inde." 
1863. Dawidson, On the lower crrrboniferoua Braohiopoda of Nova Wtia, Quart. Journ. Geol. Soc., 

London, VoL XIX, p. 168. 
1863. F. Roamer, Ueber eine marine Conchylienfanna im productiven Steinkohlengebirge Obersohlesiene, 

Zeitmhr. d. Dentwhen QeoL Qmllschaft, Bd. XV, p. 667. 
1865. Beinits, Beihsege cur Kenntniss der organisohen Ueberreate der Dyas, Nenes Jahrb. f. Mineral, 

p. 386. 
1864. Meek and Haydsn, Palsontology of the Upper Missouri, Smitheonian Contribution of Knowledge, 

Vol. XIV, p. 1. 
1864. Ysek in Whitnsy, Geological Survey of California, Vol. L Palmntology. 
186. biter and Blanford, Palseontology of Niti in the Northern Himalayas, Clrlontta. 
1866. Bsyrich, Ueber eine Kohlenkalk-Fauna von Timor, Abhandlgn. Koenigl. A k d  d. Wisseneoh. Berlin, 

1864, p. 61. 
1868. Qeinits, Carbonformation und Dyaa in Nebraska, Now Acta Aoadem. Caea. Leopoldinae Carnlinse, 

Vol. XXXIII, p. 1. 
1866. Dawidson, Notes on the oarboniferoue braahiopode, colleoted by Capt. Gudwin-Ansten in the Valley 

of Kaehmere, eta, Quart. Joarn. Qeol. Soc., London, Vol. XXII, pp. 36-45. 
186676. Meek and Worthen, Palseontology of Illinoie, Qeol. Sum. of Illinoh Vola I-VI. 
1867. Vmcfira,, Kmhmir, the Western Himalaya and the Afghan Mountains, Joura  Aeiat. Sea, of 

Bengal, Calcutta, Vol. XXXVI, Pt. 2. 
1867. Vd. a. iKoallar, Ueber die Trilobiten der Steinkohlenformetion des Ursl, Bnll. de la Soa. imper. 

den N a t d i t e a  de Monoon. 
1867. Tbartrciold, Crinoiden nnd andere Thiemeste dee jiingeren Bergkalks im Qouvernement Moekan. 

Bnll. 800. Imper. des Net. de losoon, VoL XI, No. 8, p 1. 
1867. Daeidson and Thmson, Demription of the Carboniferous Braahiopoda of Campbletorn, Tram. 

Oeol. Soa. of Cilmgow, Vol. 11, pp. 46, 149. 
1867-69. McChsmsy, Deecription of new speoiee of fweile from the palmocoio rooks of the Western 

Statee. Translrotione, Chicago A d .  of Saienoee, Vol. I, p. 1. 
1887.69. WAits and St. Joh,, Dewription of new eubesrboniferone and aod-mesenre fossils,' eQ, ibidem, 

Vol. I ,  p. 116. 
1869. Todo, Ueber einige Foesilien dea Ktrhlenkalkes von Bolivia, Sitmng&r. Kais. Akad. d. Wiwn-  

wh. Wien, math. nat. C1. Bd. LIX, p. 933. 
1870. Meek, Description of new epeoier from the palmozoio rooks of the Weetam Statee, Proawdinp, 

Aoad. of Soience, Philadelphia, p. 2% 
1870. Roamer, Geologie von Obersahlesieu, Breelau. 
1878. Etheridge, Description of the plmzoio aud mesozoia foasilr of Queemaland, Quart Journ. Qeol. 

Soo., London, VoL XXVIlI, p. 317. 
187% M s k ,  Pabontolo~y of h t e r n  Nebraska, in Mask and Hay&, Find Report upon the U. 5. 

Qeol. Burv. of N e b d a ,  Washington. 
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1P73. L. de Xminck, Monographic des fwsiles carbonifbren de Bleiberg en Carinthie, MQm. de IS & 
Royale dm &ienoes de Liege. 

1873. Toula, Eohlenkalk-Fossilien von der Biidapitze von Spitzbergen, Bitzungs'ber. XI&. dm d. 
Wissensah. Wien, math. nat. CL Bd. LXVIII, p. 287. 

1873. Meek, Report of the Qeologioal Survey of Ohio, Vol. 11, P ~ o n t o l o g y .  
1874 Derby, On the oarboniferone brachiopoda of Itaitnba, Brazil. Bull. Cornell University, I t h ,  

Vol. I, No. 2. 
1874-79. Trautrehdd, Die Kalkbriiohe von Miataohkowa, Mhm. 800. Imper. des Nat. de M-u. 
1876. Toulo, Permooarbon-Fossilien von der Weet Kiiste von Spitzbergen, Nenen Jahrb. f. Min. p. as.  
1876. Toda,  Kohlenkalk und Zeohetein-Foesilien ana dem Horneund an der 8. W. Kiiete von Spitsber- 

gen Sitzgsber. Kaia. Abd.  d. Wins. Wien, math. mt. CI. Bd. LXX, p. 133. 
1876. Toula, Eine Kohlenkalkfauna von den Barents Ineeln (Nowaja Bemlja), ibidem, Bd. LXX, p. 627. 
1877. White, in Wheeler's Report upon the 0. £3. Geographical 8urveya west of the one-hundredth Meri- 

dian, VoL IV, Palmontology. 
1877. Meek, Hall and mi t j i e ld  in Cd. King's Report of the Qeograph. and Qeol. Exploration of the 

Fortieth Parallel, Vol. IV, Palaeontology, Pts. 1 and 2. 
1877-78. 8lache, Beitreege m r  Kenntnisa der Fauna der Bellerophonkalke Siidtirola, Jahrb. K. E. Geolog. 

Reiohs-Anat. Wien, Bd. XXVII nnd XXVIII. 
1878. Abich, Qeologieche Fornohungen in den Kankaaiwhen Liindern, I. Th. Eine Bergkdk-buns an' 

der Anueswge bei Djonlfq, Wien. 
1878-78 L. de Koniwk, Reoherches snr lee foesilee pal6ozoiqnen de la Nouvelle Gsllee du Sod, MBm. 800. 

Royale dea &ienoea de Like,  Vole.. VI, VII. 
1878-87. L. de Kminck, Fanne dn Calcaire arbonifbe de le Belgiqne, Annalecl dn M u m  d'hist. nat. de 

Belgique, Bruxellee. 
1879. Pal. o. Modller, Ueber die bathrolcgieche Stellung der jiingeren palreozokhen Sohiohtan-system 

von Djulfa in Armenien, Nener Jsbrb. f. Idin., p. 226. 
1879-86. Wmgen, Salt Range Foesite, Palreontologia Indice, ser. XIII,  VOL I, Produatns Limestone 

Possila 
188C. Roemer, Ueber eine Kohlenkalkfanm von der Westkiiete von Snmatrs, Palreon-~hia, Vol. a, 

p. 1. 
1881. K. Xartin, Beitraege zur Geologic Ostasiens uod Anstraliene, Sammlnngen den ReioL-Ynwums in 

Leyden, Vol. I ,  Die versteinernnge fnhrenden Bedimente Timore. 
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N8t. Bietory, Vol. I, p. 39. 
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Khagan, Mem. Qeol. Surv. of India, Vol. XXII. 
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HIMALAYAN FOSSILS. 

DESCRIPTION OF FOSSILS. 

Class : CRUSTACEA. 

Order : TRILOBITB. 

Family: PROETIDB, Phillips, 

Genus : PEILLIPSIA, Portlock. 

1. PHILLIPSIA SP. IND. AFF. IEYINIFEBA, Phillips. PI. I, figs. 1, 2. 

1883. Philliprio cf. ~eeaninijlma, Lydekker, Geology of the Kashmir rr~d ClembP territories, etc. l e m ,  
Qeol. Snrv. of Indie, Vol. XXII. Pl. 11, figs. 6, 60. 

This species is represented in the Hidlayan  oollection by two pygidia only, 
which are too fragmentary and too badly preserved to permit an exact determina- 
tion. One of them (fig. 1) has been discovered and was compared with Phillipaia 
eeplairntfera, Phill., by Lydekker; the other was not discovered, until the whole 
collection had been looked over several times, owing to the fa& that it war, 
crushed and partly covered by fragments of a Spirifer. After carefully cleaning 
it, however, it was found to be a Phillipsba, which I think may be safely referred 
to the same species as Lydekker's type speoimen. 

The pygidium figured by Lydekker, whioh is the better preserved of the two 
specimens available for description, is of a semi-elliptical shape, rather strongly 
convex and a little wider than long. The axis is considerably elevated above the 
lateral lobes. I t  is about one-third of the breadth of the entire tail-shield at  it5 
anterior border. I ts  posterior portion has been broken off, but from its preserved 
outlines we may judge that its extremity was rather prominent and distinotly 
obtuse. 

I n  my second specimen (fig. 2) this character of the centrd axis may likewise 
be noticed. In  the preserved poition of the axis five coalesced somites are shown. 
The lateral lobes consist of eight pleurae, terminating within the narrow rnarginaI 
space. Traces of tubercles may be seen both on the surface of the pleurae and of 
the axial rings. 

The measurements of this pygidium oan only be given approximately, owing 
to its fragmentary and partly deformed condition. They are as follow :- 

Length of the entire pygidinm . .  10 mm. . . . . . . .  Breadth ,, ,, n +.em. 1 2 , ,  
Length of the axial lobe . . . . . . . . . .  8'6 ., 
Bresdth . . . . . ,  at its anterior margin . . . .  4 .. 
B~esdthofthesmoothmargindspe.  . . . . . . .  1.5, 
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The fragment of the second pygidium (fig. 2) shows eight somites in the axial, 
and six pleurse in each of the corresponding lateral lobes. Traces of an indistinct 
granulation may likewise be noticed, both on the surface of the strongly marked 
lateral pleurae and of the axial segments. 

No measurements of this pyqidium can be given on account of its imperfect 
state of preservation. The dimensions may be gathered in a general way from the 
figure. Its original outlines seem to have been altered considerably by crushing, 
especially so in a transverse direotion. 

Zocality and geologioal poeitim ; nr~mber of epecimens examined.-N. of 
Eishmakam, Lidar Valley, Kashmir, in a dark-blue limestone with numerous 
Penestelloe ; Coll. Lydekker ; 2. 

Rernark8.-Among the congeneric species from carboniferous rooks of European 
dietricts, Phillipsia serninbfera, Phillips, has been correctly compared with the 
present form by Lydekker. The two species are certainly closely allied, though 
probably not identical. It is especially the figure of Ph. serninifera given by 
Woodward on PI. V, fig. 5, OF his monograph of the British carboniferous Trilobitem 
(Palaeontographical Society, London, 1883, Part I) which strongly resembles 
Lydekker's specimen. It ie, however, not possible to fix the affinities between 
the European species and our Himtilayan trilobite in a more positive way, as the 
state of preservation of the latter is too indifferent to warrant an exact determina- 
tion. 

Phillipsia aembnvera has been mentioned by L. de Koninck (Reoherches sur 
lea fossiles pal6ozoiques de la Nouvelle Galles du Sud, 1876, p. 348) among the 
carboniferous fossils of Oolocolo in New-South-Wales, but I am far from con- 
vinced of the correctness of this identification, especially regarding the pygidium 
figured by this author on P1. XXIV, fig. 9a of his memoir. 

An Australian speoies, which is probably closely allied to the present one, is 
Grifithidee dubius, Etheridge (Quart. Journ. 1872, Vol. XXP 111, p. 338, P1. XVIII, 
fig. 7) from the wrboniferous rocks of the Don River in Queensland. 

MOLLUSC A* 

Class : LAMELLIBRANCHIATA. 

There is no more difficult group nmong the anthraco lithic fossile of Kasbmir 
and Spiti than the Lamellibranchiata. Although this class is well represented, I 
have not met with one single complete specimen. Thue even the few identifications 
must necessarily remain unoertain. This will, I hope, explain why I deemed i t  
preferable to indicate the described epecies which are probably new, as sp. id. 
only, without adding a particular denomination. All the numerous specimen8 
colleqted by Dr. VeroEBre have been purposely excluded from a special description, 
their fragmentary state of preservation rendering them absolutely unfit for deter- 
mbatioa. 
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I need hardly say that wit11 such materials no idea of the real character of 

the fauns can be formed. Xo doubt, systematic researches at the prciper Icwalities 
will greatly add to our knowledge. 

Order : SNISOMY ARIA, Neumay r. 

Family : BYTIL ID&, Lam. 

Genus : MODIOLA, Lamarck. 

MODIOLA ? SP. IND. PI. I fig. 5. 

The umbonal region having been hroken off entirely, the fragment of a right 
valve is provisionally and with much hesitation referred to the genus Modioks on 
account of its external similarity with some types, figured by L. de Koninck on 
P1. 28 of his '* Faune du Calcaire Carbonifere de Belgiqxe " (Annales du MusCe 
Roy. d' hist. nat. T. XI. 6 &me ptie.). I t  especially reminds of dl. prilzcepa or 
of 2, fusiformks by its obliquely elongated, sligl~tly inflated shape, and by its 
numerous concentrio str ia of growth, which are of somewhat irregular strength 
as in M. Cordolbm.  

Locality and geological positwn ; lzurnber of spcime92s examined.- Dark-blue 
micaceoue s bales with numerous Peaestel l ~ ,  near Eishmakam, Kashmir Valley ; 
Coll. Lydekker ; 1. 

Family : PECTISIDH, Lamarck. 

Genus : AVICULOPECTEN, M'Coy. 

A V ~ C U L O P E ~ E N  SP. IND. P1. I. fig. 3. 

The only known specimen of this specie8 is a right valve with a nearly circular 
outline and a very indifferent soulpture. The valve is strongly inequilateral, flnt, 
and about as long as high. Tlie apex is anterior in its position, slightly prominent, 
limited on both sides by wings of unequal size, the posterior ear being considerably 
larger than the anterior one. It is on the strength of this character that I have 
considered this species as belonging to the genus Aviculopecten. 

Both wings are marked off distinotly from the remainder of the shell. The mar- 
ginal edges, which separab the apical region of the valve from the wings, slope very 
r&ply towards the surface of the'latter, although their general elevation above 
them is not considerable. The anterior margin projects far in front of the anterior 
wing and passes gradually into the ventral margin. The posterior margin is conti- 
nuom, not sinuated at  the commencement of the ~osterior wing. The hinge-line 
is mly  one-half the length of the antero-posterior diameter of the shell. 
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The whole valve is very flatly arched, its greatest thickness being situated 
about the middle of its height. 

The surface is smooth with the exception of numerous and delicate concentric 
lines of growth. Traces of a few radiating costze may be seen on the surface of the 
posterior wing. 

The measurements are as follow :- 
Entire length of the ~hel l  . . . . . .  21 mm. 

. . . . . . . . .  ,, height ,, ,, ,, 2 1 , .  .. . . . . . . . . .  Length of the hinge-line 9 . . . . . . .  Thioknesa of the right valve . . l-5 ,, . . . . . . .  Apioal angle without the wing8 cca 90' 

Locality and geological poeition; number of spechem examked.-Dark-blue 
&ales and limestone partings with Psnestella, near Eishmakam ; Coll. Lydekker ; 1. 

Remarks.-A specific determination is impossible. I n  ornamentation it re- 
sembles 8. squamula, Waagen (Salt Range Fossils, Pal. Ind., ser. XIII ,  Vol. I, 
Prod. Limest. Foss., p. 315, P1. XXIV, fig. 5), but it differs from it  radically owing to 
its strongly inequilateral outline. From A. sibiricue, Verneuil (G6ologie de la Russie 
d' Europe, Vol. 11. PalBontologie, p. 329, P1. XXI, fig. 7) and A. ellipticus, Phill., 
it is also readily distinguished by this latter conspicuous character. There is also 
a distant similarity between it and Aericula circularis, Hall (Palaeontology of Iowa, 
p. 622, P1. VII, fig. 9) or Streblopteria cellen&s, L. de Koninck (li'aune du calcaire 
carb. de Belgique, p. 209, P1. 39, fig. 14), although the Kashmir shell is certainly 
not a Streblopteria. 

Genus : PECTEN, Klein. 

PECTEN SP. IND. P1. I. fig. 4. 

This species is represented by a single left valve only. 
Outline transversely oval and very inequilateral. Apex anterior not very 

prominent, pointed. Two wings, of whioh the anterior is by far the larger. I 
based the determination a3 Pectenon this character, no other generic features being 
seen. Anterior wing flat, almost rectangular, separated from the anterior marginal 
edge of the valve by a furrow, bounded by a comparatively high perpendicular 
wall. Towards the posterior wing the shell is less steeply inclined, but the edge 
separating them is also distinctly defined. This wing is rather small and cut off 
obliquely, its posterior margin meeting the hinge-line a t  an obtuse angle. Hinge- 
line rather short, barely one-half the entire length of the shell. 

Tlie anterior margin forms a broad curve and projects only slightly in front 
of the anterior wing. It is continuous with the broadly arched ventral margin. 
The posterior margin passes into the ventral one in a, kind of an obtusely rounded- 
off angle, from where it  ascends in a nearly straight, oblique line, passing into the 
furrow wllich separates the posterior wing from the remainder of tho shell. 

The valve is moderately inflated, its greatest thickness being situated about 
the middle of its height. 

D 



The ornamentstion oonsista of numerous extremely thin cancentric striEe of 
growth, which are crossed by a system of radiating costse. The latter are aug- 
mented in number towards tbe margins by intercalatiqa They are unequal 
in strength, roof-shaped and sepawted by vallgs of unequal width, but etroager 
and thinner costa do not alternate regularly. On the anterior wing a delimte 
radiating sculpture is likewise noticed. The poeterior wing is entirdy smooth, 

m e  measuremanta are as follow ;- 
Entirelengthofthashell . . . . . , . . , 16.9mq 

height ,, ,, ,, . . . . , . . . 19 ,, 
Length of the hinge-lim . . . . . . . . 7 ,  
Thiokness of the left valve . . . . , . . . . 4 "  
Apical mglo &hoot the w i q p  . . . . . . . . 86' 

Locality tcnd ~eologjcal po&tiim ; numb@ of epe&enr emmhed.-Dark-blue 
micaceous shalea, asmiated with Npertfey W e k k e r i  gnd P e ~ o t e l l  te, Eiehmakarn , 
$ashmir Valleg ; 0011. Lydekker ; 1. 

Bewrko.-The specimen is too f r a g m m b y  to determine ita relationship to 
other congeneric forms. In the character of ornamentation it ie not unlike Pecter, 
pycewx, Waagen (8alt Range Fosaile, l.c., p. 348, P1. XXIII, 3), from the top 
beds of the upper Productus limestone, or some of the Pectiwe from the 
Bellerophon-limestone of the Comelico district desaribed by Btgchg but it radioglly 
wra from them by its strongly inequilated shape. 

Class : PTEROPODA ? 

Order : CONULBRIDA., Waagen, 

w. Cprwkria ~rktrhkz, M'Cvy, On Qe fm$l betany Md d o g y  of the r w h  uwoirtsd 6th tba 
a d  of A&&, ~ l d s  and Yqg. of Nnt. EiAux-y, Vd. XX, p.$W, Pl.XVU, 6gs. 7,s. 

1877. 0. tsnubtticrta, L. de Koninak, &obemher em lea f m .  p.14oeoiques de la Nonvelle Q& da Bud., 
p. 810, P1. XXIII, fig. 2. 

1886. C. tmrirtrnta, Waspn, h e r d s  Qd. Ban. of Indi., Vol. XIX, Pt. I., p. 28 ; Pl. I, fig. 8. 
1891. 0. tsruirtticrta, Wregen, Bat Range F d l s ,  W. Id., mr. =I, Vol. IV, Qeologisrl b u h ,  p 146, 

PL V, w 2,s. 
A single fragment of thie epeoiee was quite accidentally disowered when 

phiselling out a specimen of Spirifer Lydekkeri from a block of quartz-sandstone. 
1 only succeeded in clearing two of the perfectly well preserved faces from the 
tough matrix and in developing the transverse section. Although incomplete, 
the specimen is, I think, suEciently well preserved to permit of identification. 



The fragment belongs to a young individual of a total length of about 
60mm., of which 29 mm. is preserved, whilst the apioal portion was broken off. 
Apical angle very small, a lit* less than tan degrees, imparting to the shell a 

strongly elongated shape. Outline of the transverse section somewhat rhomboidal 
and inequilateral. The narrower side is nearly two-thirds the breadth of the broader 
one. Both the longer and narrower faces me dilstinctly impressed in the middle. 
The four corners of the pyramid are marked by narrow furrms, in which the rihe 
from both sides meet, being @htQ bent backwards and alternating with each other. 
These transverse ribs, whioh ornament the four faces, meet in the middle of the latter 
under an obtuse angle .od there mostly altmnate. Very few only unite directly 
with eaoh other and then form simply broken, upward curved lines. The ribs are 
very thin, smooth on their m s t s ,  and rather regularly distributed. Prom seven- 
teen to twenty ribs are counted within a spaoe of ten millimetres. 

I have not observed any striation on the surface between the ribs. 
I do not think that there can be any doubt about the identity of this fragment 

with the specimens from the Conalarkz-nodnles of the Salt Range boulder-pup, 
whioh have been described as 0. ttwuidriata by Wasgen. Whether the specimens 
from the Salt Bange ought to bs  identified with M'Coy's Australian rspecies appear8 
to me less certain. The latter seems to be distinguished by its strongly inequilateraI 
transverse section, the narrow sides of which attain ecsrcely one half the length of 
the broader ones. The difference in the number of ribs in the Indian and Austra- 
lian types Bas been satisfactorily explained by Waagen. In #e d l  fragment 
figured by L. de Kaninok (1. c. P1. XXIII, fig. 2a) exactly the same numbe~ of 
ribs is counted within a e p a e  of 10 mm. as in the preaent specimen. If the 
dBerence in the shape of the tmnaverse smtion should be thought a suffiaient reason 
for distinguishing the Salt Range and Kashmir types from the Australian ones by 
a varietal denomination, the name CbmZda te~luistriato ear. Ioldica might be 
applied to them. 

It cannot be identified with 0; Zaevigata, N o h  (in Strzeleoki's Physical 
d ~ r i p t i o n  of New South wales, e h ,  p 290, Y1. X m I I ,  fig. 9), on amount 
of its oonsiderably smaller apical angle, its rhomboidal, not rectangular, laterally 
impressed transverse section, and its more numerous ribs. Prom 0. Warthi, 
Wmgen, and its allies it is at  once distinguished by its different sculpture. 

Locality and geological p i t h  ; number of speoimens examined.-Quartz 
sandstone with Spirij'er Lydekkeri, Ladakh Valley, Kashmir ; Coll. Lydekker ; 1. 

Remarks. -The ooourrence of thie species in the quartzitic sandstones of the 
Ldakh  Valley is of no small interest. Its importance is, however, diminished by 
the fact that tbe exact stratigraphid position of these sandstones in the anthra- 
colithic system of the Himtilayas is as little known as that of the Gonutaria- 
nodules in the Salt Range boulder bed, discovered by Dr. Warth in 1966- 

Conulario tenuistria ta has been quoted from the carboniferous sandstone of 
M u m  by L. de Koninck, from the boulder bed of the Eastern Salt Range by 
Wasgen and from the Gympie beds of Q n ~ ~ ~ l m d  with some hesitation by 
Etheridgg jun. 
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HIMALAYAN FOSSILS. 

Clam : BRACHIOPODA. 

Order : TESTICARDINEEI, Bronn. 

Suborder : APHANEROPEGMATA, Waagen. 

Family: PRODUCTIDB, Grey. ' 

Subfamily : PRODUCTIN-IE, Waagea 

Genus : PRODUCTUS, sowerby. 

The Productid@ are the ~ o s t  numerous fossils from the anthraoolithic rocks of 
h h m i r  and Spiti. Four genera (viz. subgenera) of this family are represented 
among them. They are : Productus, Marginifera, Strophaloeia, Chowtee. Among 
them the genus Productus takes the most important part, at  least regarding the 
number of species, of which I count not less than eleven altogether. Three of them 
are to be attributed to the ~ection of fimbriati, two to the Semiretiowlati and 
mnosi, one to the L-ineati, Undati, Capera ti, and Irregulares. 

A classified list of the Producti, from Kashmir and Spiti, which I have been 
able to determine epeoXcallg, is drawn up in the following scheme :- 

I. S a c r ~ o ~ ,  LINEATI. 

1. Prolhtclus Cora, d'orbigny. 

11. S E ~ O N ,  UNDATI. 
2. Product~s undatus, Defiance. 

111. SECTION, SEMIRETICULATI. 
3. Produetre semireticulatxs, Martin. 
4. P. cf. Zongiupinue, Sowerby. 

IV. SECTION, SPINOSI. 
6. Productw, qf. scabricdut, Martin. 
6. P. Gf. spiwulosus, Sowerby. 

V. S E ~ O N ,  PIMB RIATI. 
7. Productus dbicii, W w n .  
8. P .  pustulosws, Phillips. 
9. P. punctatus, Martin. 

VI. SECTION, CAPERATI. 
10. Prod~ctrs aculeatus, Martin. 

VII. S ~ a n o ~ ,  IBBEGULABES, 
11. Productus mongodieus, Diem. 
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I n  addition to these species a very remarkable one may be mentioned, which has 
been described and figured by Professor Davidson (Quart. Journ. Geol. Soc., London, 
Vol. XXII,  1866, p. 44, P1. 11, fig. 16) as Productus laeaia, nov. sp. It was 
founded on a single ventral valve, " occurring in a coarse limestone in the ZBwan 
beds, valley of Kashmir, but less compact and of a lighter grey, than the bed, 
from which most of the species, found a t  Khoonmoo, were obtained." 

Davidson's description of this species ia as follows :-a Shell small, nearly 
circular; hinge-line slightly shorter than the greatest width of the ehell ; ventral 
valve evenly convex ; ears small, ~ur face  smooth (3) ; length 3 lines, the width 

I 

slightly exceeding the length." 
This species is not represented in our collection. Without venturing a decided 

opinion on this subject, I do not think it superfluous to draw attention to the striking 
resemblance of Productua laeoia to the triassic Koni~ckina  Leonhardi, Wissm.,l 
from St. Cassian. As Professor Davidson himself asserts his specimen to have been 
found in a rock lithologically different from the limestone, from which the majority 
of brachiopoda collected by Captain Godwin-Austen had been obtained, the identity 
of P. laevis with a species of Koninckina is not impossible. I n  the upper triassic 
beds of the Bambanag Range (Kumaon) the presence of Amphiclinca, a typical 
representative of the Koninckindda?, has been proved by Dr. Bittner.' 

On the other hand an identity of Prod, laevie with Leptaenca indica, Waagen 
(Salt Rango Fossils, Pal. Ind. ser. XIII,  Vol. I, Prod. Limest. Foa., p. 609, 
P1. LVILI, figs. 7-9) from the Katta beds of the middle Productus limestone is 
likewise possible as has been suggested by Waagen himself, although to me this 
solution of the question does not seem very probable. For Mr. Davidson should 
saarcely have placed, I think, his Kashmir species in the genus Productus had 
he been able to demonstrate the presence of an area in his specimen of a similar 
kind, as it is developed in Lep t~nca  i ~ d i c a .  

Besides these species Productue Humboldti, d'Orb., P. B o l i d w ,  dlOrb., P. 
coatatus, Sow., P. Pordoni, Dav., bave been quoted from the mrboniferous rocka 
of Kashmir by Dr. Verchbre. The last mentioned species has also been described 
from the Kuling shales of Spiti by Stoliczka, but it is absolutely impossible to 
venture on an identification of these forms, as the interpretation of species, as 
applied by Verahhre, widely differs from that adopted in the present memoir, 

1 d. Bittner, Bmhiopoden der Alpinen T r h ,  Abhandlgn. K. K. Geol. Reiohii-Anst. Wien, Bd. XIV, 
PI. XXX, fige. 46-60. 

C. Disnsr, Ergebnisse einer Qeologimhen Expedition in den Central Himalaya, Denkmhr, Kris. Abd. dl 
rielensohaften, Wien. math. net, C h 1  Bd., LXII, 1895, p. 668. 
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1. P ~ ~ o ~ u c r n s  COBA, d'Orbig;ny, PL I, fig. 12. 

1872. P~odrcctw Corn, d70rbigay, Vogage danr I'Am6rique Mbrid'iode, 'I. III., 4 &me ptie., Palhntcr 
logie, p. 66, PL V, figs. 8, 9. 

1866. P. Caa,  Devibn,  Quett. J o w .  Qeol ha., Vol. XXII, p 73. 
1867. P. Cora, Ferohire, Kashmir, the Weetern HimLlaya a d  the Afghan Xmataios, Joorn. Aeiat. &. of 

Rengal, Vol. XXXV, Pt. If ,  pp. 202,21% 
For further eynoeyms my memoir aa the Chitichun-foesils (Pt. III of the pneent volume) ought tobe oodted .  

Two ventral valvea referable to this well-known species have been obtained by 
Lydekker from the mrboniferous limestone of Barus in h h m i r .  One of them 
is fairly complete and agrees very well with the  figures and desoription of P .  Cora  
given by Waagen in his monograph of the Salt Range Fossils (Pal. Ind., mr. XITI, 
Vol. I, Productus Limestone Fossils, p. 677, P1. LXV, fig. 8 ;  P1. LXVII, figs. 1,2). 
I t  is larger than any specimene from the perno-carboniferous limeetone of 
Chitichnn, No. I, and nearly equals in size the example figured by Waagen on 
P1. LXVII, fig. 2. 

It is mnsiderably broader than long and provided with tolerably large 
asymmetrical wings. The m v e  of the valve is rather irregular, being somewhat 
flattened in the apical region. The apex ia strongly curlsd inwards. The hing* 
&e corresponds to the greatest breadth of the shell. !l!he trail ia not preservd. 

Not the slightest traoe of a s i n u ~  is exhibited in the specimens, which wnm- 
quently must be separated from the groop of Productue N e f e d i e v i  and placed in 
the group of P. corrugotue, M'Coy. The latter species and P. Cora are very 
closely related to each other. Accarding to Waagen their only difference mnaists 
in the general a b s e m  of spines on the surface of P. corrugatur. As a few 
irregularly scattered spines are exhibited on the eurface of my type spedmen, I 
deemed it preferable to identify it with d'Orbigny's species. 

Apart from these few, irregularly scattered spines, the ornamentation 
consis& of numerous, delicate, radiating striae, which are desuending 
straight across the frontal region of the valve. A few indistinct concentric folds 
or wrinkles are developed on the wings. 

Neither, the dorsal valve, nor the internal characters are preserved. 
The approximate measurement8 are as follow :- 

Length of the shell in a straight line . . - . . . . 16.6 mrn. 
,, ,, ,, along the mtve . . . . . . . . 28 ,, 

Breadth of the &ell . . . . . . . . . . . 23 ,, 
Thicknme of the ventral valve . . . - . . . . 12 ,, 

. Local i ty  and geological poed'lion ; szetmber of epecs'mens examined.-Ewer, 
gasbmir Valley, in a dark blue limestone; Coll. Lydekker; 2. From the same 
locality three or four specimens were obtained by Capt. Godwin-Austen, whhb 
have been referred to this species by Professor 1)avidson (vide antea). 
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Bemark8.-In identifying these specimens with Producturr Cora I am 
taking this species in the oimmsoription attributed to it c l i d y  by Russian 
geologists. Further remarks on this subjeot as well as on the geological range of 
P. Cora will be found in the third part of this volume (pp. 16 and 17). 

11. Section : U NDATI. 

1826. Produetvr rnd.dw, D e h c e .  Diotionnaire den miewes n.fnr. VoL XLIII, p 364. 
1842. P. urcdatru, L. de Koninok, Dkription &s nnimrru fou. dn terrain carbonif. de Belgiqne, p. 166, 

PI. la, fig. a. 
1W P. tortiZis, MyCoy, 8 p p e L  of the eharsdem of the arbon. fo& of Ireland, p. 116, P1. XX. 

fig. lk 
1846. P. undatw, E. de Vemenil, QBologie de Ir B 4 e  d'Europe, Vol. II., Pal6ontologie, p. 261, PL XV, 

fig. 16. 
1847. P. u n h t w ,  L. de Koninok, Monogmphie des genres P r o d w t w  et Chonatsr, p. 69, Pl. V, fig. 8. 
1860. P. urdatus, Devidson, Monogr. of the Swtkish Carb* Brachiopoda, p. 411, PI. IVY fie. 16-17. 
1861. P. undatw, Davidson, Monogr. Britieh Carbonif. Brachiopoda, p. 161, PL XXXIV, figs. 7-13. 
1874. P. undatru. (P) Tonla, Kohlenkelk.nnd Zmhstein-Foesilien an8 darn Horllsund an der Siidwestkiinte 

von Bpitebergm, Sitzgeber. Kais. A k d .  d. W i ~ n s o b ,  Wien. m t h .  mt. C1. Bd., LXX, p. 9. 
1876. P. undatw, Tranteehold, Die Kalkbriiohe von Miatsohkowa, p. 66, P1. V, fig. 2. 
1876. P. undafur, L. de Koninok, Beoherohee enr lea fomiles Pd4ocoiqws de la Nonvelle Gallea da Bud, 

p 190, PI. IX, fig. 4. 
1883. P. cf. undutur, Ptsohe, Pragmente einer afriknnisohen Kohlenkalkfanna nu8 dem Oebiete der West- 

Sahara, Denkeohr. Kais Akad. d. Wireensoh, Wmn. math. oat. CI. Bd. 46, p. 494 Tef. VII, 21. 
lB83. P. cladatus, Kuyser, Oberaerboniwhe Fauna von hping,  Biahthofen's China, Bd., IV, p 188, 

Taf. XXVI, figs. 1!2, 13. 
1m. P. undatru, Food, Notes on the P h n t o l o g y  of Weatern A n s h l b ,  Geological Magazine, London, 

new. wr., Deaade. 111. VoL VII, p. 16e, PL VII, fig. 8. 
1892. P. uadatur, Etherjdge jun. in Jmk and Etheridge, Geology aod Palreontology of Qneendnnd m d  

New-Qninea, p. 2S4, P1. 12, fig. 16. 
1896. P. urdotw, Tornquiet, D.s fossilfiihrende Unteroarbon am oeatlichen Roesbergmamiv in den Stid- 

Vogeaen, Th., I. Ahhandlungen znr Qeologirohen Bpeoinl-Kute von Ekee-Lothringen, Bd V, 
pft.4,p. 70,Taf.XIV,figs. 9, 11. 

Two casts of doreal valves which have been oollmted by Lydekker in the 
mrboniferous rocks near Eishmakam are referable to this oharacteristio and easily 
m g n i s e d  species. 

One of them is of an ~~nusually large site, larger even than Kayser's type- 
rspeoimens from Loping, whereae the sewnd is an average-sized example, of 
pearly the same dimensions as L. de Koninck's type.speoimen from the Bellgian 
Calcaire de Vise. Both of them are broader than long, making however excep- 
tion of the trail, wbich ie very well developed in the larger specimen (fig. 9). 

Valve slightly conoave, with a regularly exoavated apex and with indistinctly 
defined aurioulate expansions. No tram of a median fold is developed. The 
hinge-line is shorter than the greatest width of the shell. 

The ornamentation is very characteristic and agrees in every respeot with the 
figures and desoriptions given by L. de Koninok and Davidson of the sculpture in 
the* European type-specimens. The surfsca is oovered by very numerous and 
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delicate radiating striae, which are not continuous but interrupted by an equally 
delicate, concentric seulpture. The number of these radiating thread-like striae is 
augmented by intercalation. The most prominent feature in the ornamentation of 
the shell is, however, the numerous ooncentric lamell= or wrinkles of growth, which 
sharply imbricate and occur a t  irregular distances, but all over the surface 
of the valve, imparting to the latter a terrace-shaped appearance. The 
steeper, occasionally perpendicular slope of these undulating lamellae is directed 
towarda the apex. Only very few lamella can be traced across the entire valve. 
AS a rule, either two separate wrinkles unite during their passage or are absorbed, 
whilst a new one is rising a t  some distance. I n  the trail this concentric, crumpled- 
like sculpture is but very indistinctly developed. I n  my two specimens i t  is alto- 
gether less strongly marked than in the Chinese specimens from Loping described 
by Professor Kayser. 

No traces of spines or tubercles have been discovered, 
On acoount of the variability of the outline of my larger tppe-specimen with 

its partially preserved trail, i t  appears barely practicable to give exact mensure- 
mente. The drawing (fig. 9) will however give a sufficiently clear idea of its 
dimensions and features. The second specimen is not complete. Nevertheless the 
indication of its length, breadth and thickness may perhaps be of interest. 

The measurements are as follow :- 

Length of the dorsal valve . . . . . . . . . aae. 26 mm. 
Breadth,, ,, ?, ,, . . . . . . . . 32 ,, 
Depth ,,,, ,, .,, . . . ' -  . . 2 v ,  

Length of the hinge-line . . . . . . ma. 28 ,, 

Locality and geological poeitwn ; number of specimen8 examined.-Dark blue 
limestone with Feneatellrr, North of Eishmakam, KashmirValley; Coll. Lydekker; a 

Remarks.-Prod~ct~8 undatus is a comparatively rare but wide-spread species, 
both in lower and upper carboniferous rocks of the Eastern hemisphere. I n  
Europe i t  is known from Belgium, where it occurs chiefly in the Calcaire 
de Vis6, from Great Britain, from Central France, from Alsatia and from Russia, 
wllere i t  occurs in the Moscovian stage of Miatclrkowa. It has been described by 
Stache from the lower carboniferous beds of the Western Sahara, by Kayser from 
the upper carboniferous deposits of Loping in China, by L. de Koninck from a 

sandstone near the Paterson Riter in New South Wales, by Etheridge 
jm. from the Gympie beds of Queensland. Toula quotea the species as doobtful 
from the permo-oarboniferous rocks of the Hornsund in Spitzbergen. 

8, H. Foord figures a Productus from the oarboniferous rocks of the Irwin 
river (Victoria district of Western Australia) which he considers to be identiml 
with P. undatus. I am however not convinced of the absolute identity of the two 
forms. The Australian epecimen differs from the typical shape of P. undatuu, as it 
is described by L. de Koninck, by the larger number of its spines ant1 reminds very 
strongly of P, cnlzc&nifomi8, Tschernyschew (MBm. du Oomitd OQol, de la Russie, 
Vol. 111, No. 4, St. PBtersbourg, 1889, p. 373, P1. VII, figs. 32, 32). This spinose 
variety of P. undatus can barely be distinguished from P. cancriniformis, if one 



has to deal with ventral valves only, the chief difference consisting in the shape 
of the dorsal valve, which is regularly concave in P. undcctue, but distinctly 
geniculate in Tschernyschew 's species. 

The fragment from Djulfa in Armenia, considered first as identical with 
P. undalus by Abioh (Qeologiaohe Forsohungen in den Kaukasischen Lsendern 
I. Theil, Eine Bergkalk-Fauna aus der Araxes-Enge be'i Djoulfa, p. 31, Taf. V, 
fig. lo), but referred later to the permian Productus hemisph~riurn, Kutorga, both 
by Abicb himself and by Val. von Moeller, has certainly nothing to do with the 
carboniferous apecies. 

111. SECTION : SEMIRETIC UL.4TI. 

3. PRODDCTU~ SEMIREIICULATU~, Martin. El. I, fig. 14; PI. 11, fig. 10. 

1600. Anoaitsr remirsticulotw, Martin, Petrificrrta Derbiensia, P1. XXXII, 6gs. 1, 8 ; PI. XXXIII, fig. 4 
1666. Prodactvc rmirstimlatw, Davidaon, Quart Jonrn. Owl. Soo., London, Vol. XXII, p. 36, PI. I, 

6g.6,p.43,Pl. II.fig.12. 
1867. Prod. recnirsliculatw, Vemhhre, Joorn. Asiatic 800. of Bengal, VoL XXXV, Pt. 2, pp. 201, 212. 

For a more complete list of synonyms vide my monograph on the permo-car- 
boniferoue fauna of Chitichun No. I (Pt. 3 of this volume). To these synonyms 
the following ought to be added :- , 

1863. P. aemiwticv2otrr, Davideon, On the lower arboniferons bnurhiopod. of Nova Saotik Quart. Jmn.  
awl.  Soo., Vol. XIX, p. 174, PL I X ,  6gs. 20, 81. 

1896. P. rsmiratwul&ur, Jnlien, Le termin arrbonifhre marin de la France Centrule, p. 66, P1. I, figs. 1-4, 13, 
PL VII, figs. 4-6, Pl. XI, 6g. 6, PI. X 11, fig. 8. 

Nsc P. senire!iculatur, Stoliozka, Mem. Geol. Surv. of Indis, Vol. V, Pt. I, (1866) p. 89, w Lydekkea 
ibid, Vol. XXII, P1. 11, fig. 1. 

This well-known and far-spmd species is not at  all rare in the carboniferous 
rooks of Kaahmir, but most of the speoimens are in a rather inferior state of pre- 
servation. A small number of epecimens is however sufficiently oomplets for 
identification. 

Most of the specimens are of considerable size, some of them reaching 
90 mm. in width. The ventral valves, whioh as a rule are entirely crushed 
or show no shelly substance, are provided with a distinctly developed sinus, 
whioh in some specimens ie quite as deeply indented as in the Carinthian 
variety, described as P. sernireticuladus oar. bathykolpos by Sohellwien (Palaeonto- 
wraphim, Bd. 39, 1892, p. 22). Ouriously enough, dorsal valves of this spwiee are b 

generally mu:h better preserved than the ventral ones. A tolerably. complete 
epecimen of a dorsal valve of P. eemiretioulatua from Barus is represented on PI. I, 
fig. 14. This specimen is provided with a long hinge-line, distinctly developed 
wings, and with a shallow median fold, becoming more prominent in the vicinity 
of the front only, The flat proximal portion, whioh is covered by the oharacterietic 
retioulate soulpture, meets the frontal portion at  a right angle. 

I n  one of the specimens (Pl. 11, fig. 10) the internal structure of the ventral 
valve is clearly exhibited. In  the deep valley between the coarsely striated 

E 
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divaticator muscular scars the ph ylloid petal-shaped adductor, or ocolnsor impres- 
sions are situated. The proximal portion of the cast is separated from the hinge 
margin by deep furrows. The apex is smooth, crosued only by a low, distinct,ly pro- 
duaed ridge. The internal surface of the shell is oovered by numerous coarse p n u -  
lafiiom. 

The measurements 6f this cast are ss follow :- 
Length of the shell in a stmight line . . .  M) mm. 

,, along the c u m  82 , , , , , ,  . . .  
Breadth of the shell . . . . . . . . . .  m. 60 ,. 
Thicknesaoftheventralwlve . . . .  SO 

Locality and geological position ; number of specirnene examined.-Shaly lime- 
stone with F e n e 8 t e l l @ ,  Barus, Kaahmir Valley; Coll. Godwin-Austen ; 6; dark blue 
limestone with Fenestella, N. of Khbmmu, near Pampur ; Coll. Lydekker ; 5 (includ- 
ing the two figured type-speoimens) ; Tangar, N. W. of Avantipur ; Coll. Lydekker ; 1. 

The speoimens described by Davidson were obtained from Barn and from 
LOO~OO, W. of Wasterwan. 

Remarks.-The fossils from Kashmir and Spiti whioh have been quoted as 
ppoductue semireticulatus by Stoliczka and Lydekker are different from Martin's 
species and must be classed among the subgenus Marginifera. They will be de- 
scribed hereafter as Marg. himala yeneie, 

1814 Pwductlls longiapinrur, sowarby, M i n e d  Conchol., VoL I, p 164, PL LXVIII, fig. 1. 
1814 p, ~ ~ i n g i ,  Sowerby, ibidem, 6g. 2. 
l8 l& p. spinorah Sowerby, ibid. Pl. LXIX, fig. %. 
1823. P. lobatw, Sowerby, ibid. Vol. 1V. p. 16, PI. 318, fip. 2-6. 
1836. P. retora, Phillip, Geology of Porkahire, VoL 11. Pl. VIII, figs. 9, 17. 
1841. P. lobatw, L. von Bnch, Abhandlgn. Konigl. Akad. d. Wisseneah. Berlin. I. Th. p. 38, PI. 11, fig. 17. 
I&&$. P. longiginus, L. de Koninok, Mmr. dee animam foailes dn Tenain csrbon. de Belgiqne, p. IN, 

P1. XII, fig. 11, P1. XII, ih, fig. 2. 
18Y. P. lobatus, E. de Vernenil, Mologie de la Bnssie dJEnmpe, VoL 11, PalBontologie, p. N6, PI. XVI, 

fig. 3, PI. XVIII, 6g. 8. 
1846. P. ttlbariur (P) Gmf Keywrling, Beiw in dm Peteohorslend, p. 808, Pl. IV, fig. 6. 
1541. P. FZemingii, L. de Koninok, Monogmphie dea genres Produahrr et C%onstsr, p. 96, PI. X, tigr. 

2,s. 
1860. P. Remingii, Qrnenewaldt, Beitriige zur Kenntnisa der sed imenhn  Qebirpformationen eta., 

M6m. de 1 ' 4 .  imp6r. den eoiencea de Bt. PBtembourg a6r. VII, T. 11, p. 123, 'lbf. 111, 
fig. 4. 

1w1. P. Zongispkw, Davidron, Monograph Britirh Carbon. Bmhiopods, p. 164, PI. XXV, 6ge. 6-17. 
1866. P. Orbignyanw, Geinitr, Carbonformation nnd Dvm in Nebranka, p. 66, Taf. IV, figs. 6-11. 
1867. P. lobatus oar. ~ua iaos ta tur ,  Tmntsobold, Bull. socr imp4r. dea natnr. de Macon, T. XI. p. 87. Taf. 

V, fig. 2. 
1810. P. longkpinw, Earner, Qeologie von Oberwhlesien, p. 89, Taf. VIIT, fig. 2. 
187%. P. bngirpinua ? Meek, in Meek and Hayden, Final Beport of the U. S. Qeological Survey of Nebra- 

ska, p. 161, PI. VIII  fig. 6 (non PI. VI, fig. 7). 
1873. P. Plsmingii, L. de Koninck, Mmgrsphie des fosriles oarbonifbren de Bleiberg, p. 94, PL I, 

fig. 14. 
1874. P. lomgiapiaue (P) Tonla, Kolrlenkalk and Zwhatein Fossilien sue dem Hornsund an der Siidweet 

Piiste von Spitzbergen, Sitzgsber. Kais. A M  d. Wisa Wien, LXX, Bd. math. nat. C1. I. Abth. p, 
10, fig. 7. 



1878. P. longiqinur, Tnateahold, Die Kdkbrimhe von Miatachkown, p. 67, Taf. I, fig. 4 
1876. P. .inuatus, Trsuhhold, ibid. p. 61, Taf V, fig. 6. 
1880. (P) P. longirpinw, Rbemer, Uber eine Kohlenkalk Fauns der Weakiiste mm Bnmetra, Pahtogrs- 

phi-. XXVII. Bd. p. 6. 
1888. P. lorrgirpinur, Kayeer, Oberaarbonische Fauna von Loping, Riohthofen'e Ohins, Bd. IV, p. 189, Taf. 

XXVII, fig. 1, non 2-4. 
1890. P. longispinur, Nikitin, MBm. Corn. GBol de le Busaie, Vol. V, No. 6, p. ISD, P1. I, figs. 7-U. 
1892. P. lo~gwpirus, &hellwlen, Die Fauna der Kmnisohen Buanlinenkalks, Palrsuntogmphia, Bd. 80, 

p. 23, Taf. 111, fig. 4-6, Taf. VIII, fig. 28. 

The only specimen referable to this species consists of an incomplete ventral 
valve, which, however, agrees in every respect so perfeotly with some British 
speoimens from Yorkshire that I do not hesitate to identify it with the latter. 

I n  my apeoimen the apioal region is partly broken, but the rest corresponds 
exactly with Davideon's type-specimen from Yorkshire, figured on P1. XXXV, fig. 
7, of his monograph. The shell is slightly transverse, a little wider than long, 
evenly convex in a longitudinal direction, but in the transverse direction divided 
by a broad sinus, which flattens gradually towards the front. The lateral parts 
appear strongly depressed and descend in a very steep curve to the margin. The 
small auricular expansions are slightly curled. 

There is not the least trace of any marginal ridge, which forms the distinguish- 
ing character of Waagen's subgenus Zarginifera. This specimen certainly cannot 
therefore belong to the latter, the shell margin having been broken off in such a 
manner that the absence of a prominent shelly ndge within the wings warrants its 
separation from Marginifera. Having a large number of true Narginiferce from 
Chitichun No. I and from Kashmir at hand for comparison, I a m  fully convinced 
that this specimen belongs to the genus Productas, 8. 8. 

The surface of the ventral valve is covered by numerous rounded longitudinal 
ribs which are of about equal width for their entire length and slightly con- 
verge towards the mesial sinus. This radiating sculpture is crossed by delicate 
concentric ribs in the visceral and apioal portions. Some of the longitudinal ribs 
are dichotomous. l'wo points of attachment of broken-off spines may be observed 
in the vioinity of the mesial sinus. 

Exact measurements of this specimen can barely be given on account of its 
incomplete state of preservation. 

Locality and geological position ; number of specimens examined.-Dark blue 
limestone with Benestella, Barus, Kashmir ; Coll. Lydekker ; 1. 

Remarks. -It strongly resembles the delicately ribbed variety of Prodwtw 
grutwsm, Waagen. This is also the case with the Yorkshire speoimens of Y. 
lmgisphm, as has already been remarked by Rothpletz (Palaentographica,. Bd. 39, 
18H4, p. 76). This strong resemblanoe even induced L. de Koninck (Monogr. 
des foss. carb. de Bleiberg, p. 25) to class a typical representative of P. gratwstts, 
P. eemireticulatw, Beyrich, from Timor (Abhandl. Koenigl. A M .  d. Wiss, Berlin, 
1866, Taf. 11, fig. 2) among the synonyms of P. lmgiupinue. The differences, 
enumerated by Rothpletz, especially the more delicate ornamentation in the apioal 
region and the less strongly developed wing in Sowerby's species appear however 
cuffioient for a distinction of the two forms. 

E a 



Davidson (Quart. Joum. Geol. Soc., Vol. XXII, p. 43) quotea Productua llongi- 

epinue (?) from the grey limestone of Rhoonmoo. I t  ia however imposeible to Bay 
whether he really had a true P. Zcmghpirsus at hand, or rather a specie8 of the 
eubgenus Hargiqfera. He asserts that his specimen from Kashmir ia iden- 
tical with some specimens found in the Punjab. But the majority of the Punjab 
specimens considered as identical with 8owerbp'e species have been proved by 
Waagen to belong to Margira$era (especially to M. typica), although the true 
P. Zong&phw, is certainly not altogether absent in the Salt Range. 

Productua longhphua is a wide-spread speciea of a aonsiderable horizontal and 
vertical range. It occurs in strata of lower and upper carboniferous age in 
tl'estsm Europe, in the Moscovian and Gshelian stage of Russia, in the upper car- 
boniferous rocks of Loping and Sumatra (?) and in the J'roductus limestone of 
the Salt Range, Its  occurrence in the coal-measures of North America is not yet 
beyond every doubt. The specimen considered aa identiqal with P. longjepinm 
by Meek and with P. Orbignyanw by Geinitz, is the only one which resembles 
Eome of Sowerby's types so very closely that their identity is probable, The case 
is different with the specimen figured by Meek on P1. VI, fig. 7, of the final 
report on the Palaeontology of Nebraska, which differs from P. longiepinw by 
having an almost smooth shell. P, lonqbpinsse, Meek (Report of the geological ex- 
ploration of the 40th parallel, Vol. IV, Palaeont., p. 78, P1. VIII,  fig. 4) from 
Nevada is more gibbous and provided with larger cosh  than the true P. longiepinua 
from the British and Belgian mountnin-limestone. P. epleradene, Norwood and 
Pratten (Journ. Aoad. of nat. sciencee of Philadelphia, 2nd ser., Vol. 111, p. 11, 
P1. I, fig. 6), and P. Wabaehmeicr, Xorw. and Pratt. (ibid. p. 13, P1. I, fig. 6) 
must according to Waagen be classed among the subgenus Hapginifera although 
the latter species is considered to be directly identical with P. Zoraghpinus by Meek, 
who insists that the figures given by the two abovsmentioned authors are quite 
defective and misleading. Productua scitdtls, Meek and Worthen (Geological 
Survey of Illinois, 1866, Vol. 11, Palaeont., p. 280, P1. XX, fig. 6) and P. paraw, 
Jdeek and Worthen (ibidem, p. 297, Pl. XXIII, fig. a), which have been placed 
among the synonyms of P. longhpirsua by L. de Koninck (Fossiles carbonifhres 
du Bleiberg, p. 26), ought to be maintained as proper speciee, especially P. 
ecitulua, which is distinguished by its very delicate ornamentation. A similar 
remark applies to P. capa&, d90rbigny (Voyage dans lSAm6rique N6ridionale, 
T. 111, 4 Bme ptie., Pa36ontologie, P1. 111, figs. 24-26) from Yarbichambi in 
South America. P. lmgdaphua, White (Report upon the U. S. geograph. surv., 
West of the 100th Meridian, Vol. IV, Paleontology, 1877, Pt. 11, p, 118, P1. VIII, 
fig. 6 )  from Santa FB (New Mexico) is probably a representative of Waagen's sub. 
genus .Margh.lzifera, judging at least from the figure given by Prof. White. 

Nor am I convinced of the identity of P. l q & p i n w  with the specie. desoribed 
by Toula from the Horasund in Spitzbergen ; Toula's description, it is true, agrees 
very well with his identification of the two forms, but the figure does not 
&engthen this view. In this figure the concentric ornamentation is represented 

quite indistinct in the apical portion of the ventral valve, whereas it oontinuq 
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all over its visceral part in the shape of broad stripes, thus differing considerably 
from the delicate reticulation which is so conspicuoue in Davidson's type specimens. 

The specimen from the Nordfjord of Spitzbergen described as P. longhpinue 
war. setoaa by Toula (Permocarbon Foesilien von der Westkueste von Spitzbergen, 
Neues Jabrb. f. Mineral 1875, p. 282, Taf. VIII, fig. 4) must, according to my 
l~umble opinion, be kept separate from the British speoies on accowt of its consi- 
dera5ly less numerous and coarse ribs. Thus the presence of P. l o ~ g h p i n z l e  in 
the permo-carboniferous deposits of Spitzbergen has not yet been established with 
certainty. 

Both L. de Koninck (Recherches sur lea fossiles pal6ozoiques de la Nouvelle 
Galles dn Sud, p. 191, P1. XI, fig. 3) and R. Etheridge (Quart. Journ. Qeol. Soc., 
1672, Vol. XXVIII, p. 333, P1. 18, fig. 9) mention the ocourrenoe of P. longhpinue 
in carboniferous beds of Australia. I think however that L. de Koninck's 
speoimen from New South Wales can only be identified with Sowerby's species, if 
such wide interpretation of the latter is permitted. The specimen from the Don 
River in Queensland is a rather indifferently preserved cast of a dorsal valve. Its 
identification with P. longiapioue has been questioned by Etheridge, jun, 
(Geology and Palaeontology of Queensland and New Guinea, p. 256). 

IV. SEOTION : SPINOSI. 

5. P a ~ ~ u o r u s  OF. BOABILIOULUS, Martin. P1. 11, figs. 8, 9. 

1809. duomitea r c a M u d ,  Martin, Petrificlrta Derbiensir, p. 8, PI. XXXVI, flg. 6. 
1836. Productus r c a b r i d a ,  Phillipm, Geology of Yorksbire, Vol. 11, PL VIIl, fig. 8. 
1886. P. quinwncialia, Phillip, ibidem, PI. VIII, fig. 8. 
1643. P. roabriculus, L. de Koninck, Deecription dee animus fossilen du terrain carbon. de Belgique, p. 190, 

PI. XI, fig. 3. 
1845. P. wabriculur, E. de Verneoil, Q6ologie de la Rmeie d'Enrope, Vol. 11, PnlBontologie, p. 271, 

P1. XVI, fig. 5, Pl. XVIII, fig. 6, . 

1847. P. aeabriculur, LI de Koninck, Monogrnphie dee genrea Productua et C h t e r ,  p. 111, P1. XI, 
fig. 6. 

1862. P. acabriculua, Davidson, Monogr. British Carb. Brschiopoda, p. 169, P1. XLII, fige. 5-8. 
1866. P. acabriculw, Dsvideon, Quart. Jonm. Geol. Sea, London, Vol. XXII, p. 43, P1. 11, fig. 13. 
1873. P. aaabriculcla, L. de Koniuck, Monographic dee foesiles carbonifhe de Bleiberg, p. 27, Taf. & 

fig. 16. 
1876. P. scabriculua, Traotaohold, Die Kalkbroeahe von Miateahkown, p. 59, Taf. VI, fig. 1. 
1876. P. rcabrdculua (P), L. de Koniuok, Recherohea enr lee foes. p l h i q u e u  de la Wonvslle Oallee du SUU., 

p. 196. 
1889. P. rcabrioulur, Tsohernyffihew, Mem. Com. (3601. St. PCterabourg, Vol. 111, No. 4 p. 371, 'Paf. VIP 

fig. la. 
This species is probably represented by two specimens. One of them is a ven- 

tral valve, whereas the seoond, smaller one represents a dorsal valve. Neither of 
- 

them is sufficiently well preserved to permit identification. 
The ventral valve (fig. 8) is medium sized, and in its dimensions and general 

shape agrees pretty well with Davidson's type-speoimen of P. scabriculu~ w a r ,  
quincuncialis, Phill., from Yorkshire (Pl. XLII, fig. 6). Much wider than long, 
tolerably inflated, provided with a hinge-line, which is inferior in length to the 
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gratest  width of the ehell, and with a broad, but not deeply excavated mesial sinus 
The auriculated expansion8 are small and pointed. 

Although this specimen is much crushed arid its surface weathered, its orna- 
mentation is still partially visible. I t  consists of numerous, radiating ribs, swelling 
oat a t  short intervals into elongated, protracted tubercles, which exhibit an indis- 
tinctly quincuncial nrrangement. Both the longitudinal ribs and the numerous 
tubercles covering them appear to be rather more delicate than in the majority 
of the British and Russian types of P. scabriculw, but in this respect agree well 
with the ornamentation exhibited by Davidson's specimens from Kashmir. 

'i'races of concentric wrinkles are very indistinctly marked. 
The dorsal valve (fig. 9) is also much wider than long, slightly oonmve, 

provided with a short hinge-line and with ra low median elevation, corresponding 
to the sinus in the opposite valve. I ts  surface is covered by numerous, elongated, 
radiating grooves, which, like the tuberclee in the ventral valve, are arranged 
in a sort of irregular quincunx. This radial ornamentation is crossed by a concentrio 
sculpture, which is most distinctly marked in the apical region and on the wings. 

The measurements of the larger specimen (fig. 8) are as follow :- 

bngth  of the ventral valve in e straight line. r . . . . .  37 mm. 
., . .  ., sl ,, g 9  dong the curve ooa. 60 .. . . . . . . . . .  Length of the hinge-line oae. 36 .. Breadth of the ventral valve . . . . . . . . .  46 

. . . . . . . . .  Thickness ,, n 1, 19, 

The measurements of my second specimen (fig. 9) are as follow :- 
. . . . . . . . .  Length of the dorsal valve a26 mm. 

Breadth ,, ,, ,. . . . . . .  a , ,  .. . . . . . . . . . .  Length of the hirge-line 22 

Xoca li ty and geological position ; number of spechene examined.-Dark l ime 
- stone with mica, Barus, Kashmir Valley; Coll. Lydekker ; 2. The specimens referred 

to this species by Prof. lirividson were found a t  Barus and Khoonmoo. 
Remarks.-On the whole the determination of the present specimens as 

Producfzcs ecabriculus cannot be far wrong and accords with the description of 
Prof. Davidson's specimen. P. scabriculzle is a widespread species, which ranges from 
lower carboniferous into permo-carboniferous strata, but seems to be most corn- 
~ n o n  in beds of middle and upper carboniferous age. In Europe it has been 
found in the mountain-limestone of Great Britain and Belgium and in the lower 
carboniferous Noetscher Schichten of Bleiberg in Carinthia. In  Rus~ia i t  was found 
in the ditferent stages of the carboniferous sy~tem andin the Artinskian strat,& 
of the Ural. L. du Koninck mentions the species from the carboniferous beds of 
Nem South Wales, but without giving any figure. Among the fossils collected by 
Yrasohe near the Nordfjord of Spitzbergen and described by l'oula, them is a 
qecimen of Prodzlctue which has been identified as P. cf. scabrimlue (Permo- 
Carbon-Fossilien von der Westkueste von Spitzbergen, Neues Jahrb. f. Mineral., 
1876, p. 252, Taf. VIII, fig. 6). This identification seems to me extremely doubt,- 
ful, judging by the figure, which represents a Productus distinguished by the 
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presence of very coarse, irregular and mostly dichotomous ribs, and by the rarity 
of tubercles. 

Some American shells, as Prodwtua asperus, M'Chesney (Description of hew 
species of fossils fram the palaeozoic rocks of the Western States, 1868, p. 34, P1. I, 
fig. 7), P. Wilberanue, M'Chesney (ibidem, p. 36, PI. I, fig. b), P. Rogersii, 
Eorwood and Pratten (Journ. Acad. of Natural Sciences, Philadelphia, Vol. 111, 
1864, p. 9, P1. I, fig. 3), P. symmetricwr, Meek (Final Report of the D. 8. Geol. 
Surv. of Nebraska, p. 167, P1, V, fig. 6), P. Nebraacensis, Owen (ibid., p. lf56, P1.11, 
fig. 2 ; P1. IV, fig. 6 ;  P1. V, fig. l l) ,  have been classed among the synonyms of the 
British species by L. de Koninck and looked upon as local varieties only. Leaving 
the question undecided whether these forms should be regarded as distinct 
species, which I consider preferable, or merely as variations of P, scabriculus, 
still the fact remains that the typical P. scabriculus is certainly absent in the 
coal-measures of North-America. The specimen from Yecos Village described 
and figured by Marcou (Qeology of N. America, Zurich, 1838, p. 47, P1. V, fig. c )  
is certainly different from Martin's species. The same remark applies to P. scabri- 
cul us, Abich (Qeologisc he Forschungen in den Kaukasischen Liindern, I, Theil, 
Eine Bergkdk Fauna aus der Araxes-Enge bei Djoulfa, p. 33, Taf. V, fig. 3), 
which this author himself has excluded from the synonyms of the true P. scabri- 
culua in his additional remarks and which has been made the prototype of 
another species, P. Abichi, by Waagen. 

6. PRODUCTU~ CF. SPINUMBUS, Sowerby, P1. 11, fig. 12. 
1814 Productur spin.1~losiu, Bowerby, Mineral Conch., PI. LXVIII, figs. 6,6. 
1836. P .  grandora, Phillip, Geology of Yorkshire, El. VII, fig. 14. 
1843. P. Concrini, L. de Koninck, (non do Vernenil), Wmiption dm animaar foee. du terrain cerbonifire 

de Belgiqug PI. IX, fig. 9. 
1843. P. papilZatrr, L. de Koninok, ibidem, PL X, !ig. 8, p. 201. 
1847. P. granuzorua, de Xoninck, Monogrephie des genre0 Productor et Choneter, p. 135, PL XVI, 

fig. 7. 
1862. P. rpimloaur, Davidson, Monogr. British Cab. Brsohiopoda, p. 176. PI. XXXIV, figs. 18-21. 
1866. P. g h u l o s w ,  P Davideon, Quart. Journ. Geol. Soo., London, Vol. XXII, P1. 11, fig. 16. 
1888. P. grarulorur, Krotow, Geologische Fornohungen am Weatlichen Ural-Abhange in den Gebieten von 

Tsoherdyn und Seolikmeak. MBm. Com. (3601. St. PBterebourg, Vol. VI, p. 408, Taf. I,  figs. 14, 15. 
1889. P. rpiaulotua, Tsohern~sohew, MBm. Com. OBol. St. PBtembourg, Vol. 111, No. 4, p. 281. 

Among the oarboniferous fossils obtained by Captain Godwin-Austen a t  Barus 
there ie a single ventral valve, bearing much resemblanoe to this species. I t  is 
however too imperfectly preserved to permit of a decided identifioation. 

The shell is small, transversely semicircular and re,darly curved in both 
direotions. .Hinge-line shorter than the greatest width of the shell. The beak is 
not very involute and scarcely overhangs the hinge-margin. Ears very small. 
There is no indication of a distinct sinus, only a flat depression in the lniddle part 
of the front. 

The ornamentation is indifferently preserved and can only be made out in 
the vicinity of the lateral and frontal margins . It seems to consist exclusively 
of small but numerous, subregular tubercles, without any regular quincuncial 
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arrangement, as in the variety, to which the term " granulosw, " was originally 
applied. 

Neither longitudinal ribs nor concentric striae can be made out, but the 
specimen is too much weathered to state this with any degree of certainty. 

I n  general shape and sculpture the specimen seems to agree better with P. 
epinuloezls than with any other form of this genus. I t  also strongly resembles 
P. opntia, Waagen (Salt Range Fossils, Pal. Ind., 8er. XIlI ,  Vol. I, Prod. Limest. 
Foss., p. 707, P1. LXXIX, figs. 1, 2) from the Cephalopoda (Jabi) beds of the 
upper division of the Productus Limestone, but I should not like to identify it 
with this speoies, which, according to Waagen's description, is always provided 
with a very strongly elevated median and apical part of the ventral valve. I n  
this oharacter, however, my specimen does not agree with the Indian shell. Pro- 
d u c t ~  Wallacianue, Derby (Bull. of the Oornell University, Ithaca, 1874, Vol. I, 
No. 2, p. 67, 21,111, figs. 46-48, PI. VI, fig. 6) from the coal-meaaures of Itaituba 
may . also be compared with our specimen. Taking into consideration Derby's 
statement that P. Wallacianw chiefly differs from P. 8&td08~% by the absence of 
ooncentric wrinkles on the ears, this Brazilian species may perhaps be very closely 
related to our Productzas from Kashmir, but the figures given by Derby are too bad 
to allow of a closer comparison. 

The measurements of my specimen are as follow :- 

Length of the ~hel l  in s straight line . . . . . . . . 1'2.6 mm. 
,, ,, ,, ,, a!ongtheanrve . . . . . . . . 18 ,, 

Greatest breadth of the shell . . . . . . . . 16 ,, 
Length of the hinge-line . . . . . . . . . 18 ,, 
Thiokne~e of the ventral d v e  . . . . . 5 ,, 
Distanoe of the apex from the frontal margin. . . - . . . U ,, 

The proportion between the last dimension and the entire length of the shell 
most clearly shows the difference between this specimen and Waagen's P. o p t h ,  
in which the apical region is always highly elevated above the proper beak. The 
measurements of my specimen agree almost exactly with those of SowerbyYs 
type-specimen of P. spioaulosus, as figured in Davidson's monogmph (Pl. XXXIV, 
fig. 19). 

Locality and geological position; number of specimeas examined.-Coarse 
grey, semi-crystalline limestone, Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1, 
Two specimens referred with some doubt to P. e ~ n ~ ~ o s z l s  by Davidson were 
obtained from Khoonmoo. 

Remarks.-Productue epinuloszls bas been quoted from the mountain lime- 
stone of Great Britain and Belgium by Davidson and L. de Koninck, frbm the upper- 
carboniferous rocks of the Ural Mountains by Krotow and from tlio Artinskian 
stage by Tschernyschew. The specimens considered aa identical with P. a@ulo- 
eua by Abich (Geologische Forschungen in den Kaukasischen Laendern, I. Theil, 
Eine Bergkalk Fauna aus der Araxes-Enge bei Djulfa, p. 51, Taf. V, fig. 9, 
Taf. IX, fig. 22) have been referred to P. horridue by Val. von Moeller. 
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V. SEOTION : FIMBBIATI. 

7. P a o ~ u o m s  ~ I O H I ,  Waagen. PI. I, fig. 8. 
1883. Prodmctur Humboldti, Lydekker, Geology of the Keehmir and Chambs territories, Memoira Geol. sniV. 

of India, Vol. XXII, PL 11, fig. 3. 
p. dbichi, Waapn, Salt Range Fosaile, Palseant. Indica, 8er. XIII, VoL I, Prod. Limest. Fos8., 

p. 697, PI. LXXIV, figs. 1-17. 
For a oompleta list of eynonym I refer the reader to my memoir on the permo-carboniferous fauna of chit i -  

ahan No. I, (Pt. I11 of this vol.). 

Of this beautifully sculptured Productus an excellently preserved ventral valve 
has been figured by Lydekker and considered identical with P. Hutfiboldti, 
dYOrbigny. But its coarse sculpture and its less numerous, elongated tubercles 
which are mostly arranged in a rather regular quincunx, distinguish the present 
specimen from the true P. Humboldti. I n  general shape this specimen bears 
much resemblance to my type specimen of Prod. A&hi from the permo-carboni- 
ferous limestone of Chitichun No. I. (Pt. I11 of this volume, PI. 111, fig, g), 
espeoially as regards the attenuated character of its apical region. It is however 
less inflated and provided with a very shallow median sinus only. I n  this respect 
i t  agrees best with the example figured by Waagen on P1. LXXIX, fig, 4, of his 
monograph. The hinge-line is considerably shorter than the greatest breadth of the 
shell. 

The ornamentation is exactly the same as in Waagen's type-specimen 
from the upper Productus limestone. The coarse, elongated, quincuncially 
arranged tubercles are crossed by concentric, delicate lines of growth. A narrow 
zone of roundish pustules is restricted to the immediate vicinity of the lateral 
and front margins only. 

The measurements of this specimen are as follow :- 

Length of the shell in a etraight line . . .  23.6 mm. . . . . . . . .  , , . . . . , .  along the onrve 33 ,, .. . . . . . . . . .  Greatest breadth of the shell 28.5 
Thiokuees of the ventral valve . . . . . . . . .  8 ,, 
Length of the hinge-line . : . .  U) ,, 

The small size of this specimen makes its distinction from the closely allied 
P. gaageticus, Diener (Pt. I V  of this volume, P1. I, figs. 1-3, P1. 11, fig. 3), 
one of the leading species of the permian Productus shales of Painkhanda, an 
easy matter. 

Locelity arzd geological position ; %umber of specimew examined.-Black lime- 
stone, summit of ridge N.E. of Prongam Trtil, Kashmir ; Coll. Lydekker; 1. 

~ e m a r k a . - P r ~ d u ~ t ~ ~  AbicM is one of the most characteristic fossils of per&o- 
carboniferous and permian rocks in Armenia, India and Timor. It has as yet 
never been found in beds of an older than permo-carboniferous age. At the local. 
ity, where it has been obtained by Lydekker, it is associated with Harginvcra 
&maZayePcsie, Diener, Strophomeno awloga, Phill., and Chovaetes grcaraddcosta, 
Waagen. 

The specimen from Khoonmoo, which has been referred to P. H ~ b o l d f i  
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by Davidson (Quart. Journ. Qeol. Soc., Vol. XXIT, l8€6, p. 43, PI. 11, fig. 14), does 
not permit an exaut determination, on account of its fragmentary condition. But 
i t  seems at  all events to be specifically different from P. Abichi. 

8. PRODUCTUS PUSTULO~US, Phillips. PI. 1, fig. 13. 
1896. Pmdrrctusprtdosa,  Phillip, Geology of Porkshire, Vol. X I ,  p. 816, P1. VI& fig. 16. 
1836. P. oualw, Phillips, ibidem, p. 816, PI. VIII, fig. 14. 
1843. P. pusctatra, L. de Koninck (non Martin), DBwription des animanx fow. dn terrain aarbon de 

Eelgique, p. 196, PI. I X ,  fig. 6, P1. XII, bis fig. 9. 
1847. P. putulosus, L. de Koninok, Monographie dm genres P r o d d u r  et Ch&r, p. 118, PI. XII, fig. 4, 

PI. XIII, fig. 1, PI. XVI, figs. 8-9. 
1862. P. pudtrlosu,, Devidson, lonogr. Britieh Garb. Bmhiopoda, p. 168, PI. XLI, figs. 1-6, PL XLII, 

f igs.  1 4 .  
1863. P. pustubaur, Roemer, Zeitscbr. d. Deutech. Qeol. Gee. p. 691, Taf. XVI, fig. 3. 
1870. P. purtulorus, Roemer, Geologie von Obemchlenien, p. 90, Taf. VIII, fig. 1. 
1873. P.pu-stJoaw, L. de Koninok, Monogmphie des fo&lee carbonifires de Bleiberg en Carinthie, p. 29. 

The referenoe to P1. I, fig. 21 is erroneoub no figure of this epeaies being aotually given in 
L de Koninck's memoir. 

1883. P. p w t u l o u t ~  w. palliafa, Kayeer, Obermrboniwhe Fauna voa Loping, Bichthofen's "Chim," 
Val. IV, p. 186, Tsf .XXVII, figs. 9-13. 

1888. P. cf. p t u l o s r u  (0, Krotow, Qeologisohe Forachungen am Weatlichen Ural-Abhange, eta, M6m. 
Com. 6601. St. PBtersbonrg, Vol. VI, p. 406. 

1896. P. pustu20uw8 Tornquist, f i s  foasilfnhrende Unbrcarbon am iistliahen ~ w b d r ~ - ~ a a d o  in de 
Siidvogeaen, Abhmdl. Geol. Spec. Earte von Ek-Lothr ingen ,  Bd. V, Heft 4, P. 72, Taf. 
XIV, fig. 3. 

1896. P. p u t u l o r u ~ ,  Jalien, Le terrain aarbonifbre "garin de la Pranae Central@, p. 67, PI. VII, 6@. 1-4, 
PI. I X ,  fig. 1, PL X, fig. a, P1. XII, fig. 7, P1. XII1 ,ka .  3 , 4  

A very well preserved cast of a dorsal valve exhibit8 the characteristio shape 
and sculpture of this Productus, which, in its typical forms at  least, may be easily 
distinguished from congeneric species by its peculiar ornamentation. 

The shell i8 rotundate-square, nearly as long as wide, very flatly concave in 
the apical and visceral portions, but is distinctly geniculated, where the trail com- 
mences, exactly as in the Chinese variety, described as "palliata " by Kaysar. 
I t  is divided by a broad but rather shallow median elevation which oFiginates a t  
some distance from the apex. The hinge line is a little shorter than the greatest 
width of the shell. The ears are broad and perfectly flat. 

The surface of the cast is covered with numerous, tolerbbly regular, concentric 
wrinkles, crossing the radial ornamentation, which consists of coarse elongated 
pustules, distinctly arranged in quincunx. The immediate vicinity of the very apex 
is covered with closely packed granulations At a distance of 2 mm. from the apex 
the ooncentrio wrinkles make their first appearance and gradually increase in 
strength towards the shell-margin. 

The specimen does not seem to me distinguishable from the var. palliata of 
a. puutulowe, as it has been described by Kayser. It can scarcely be mistaken 
for a species of the group of P. Humbolati, diOrb., on account of its muoh 
coarser ornamentation. From P. punctatus, Martin, it distinctly differs by the 
charaoter and distribution of its tubercles. It is distinguished from P. Buchianus, 
de KoD., by itcc much larger she, from Prod. Lewhlenbergen8~8, de Eon., by the 
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concave shape of the dorsal valve, from P. jimbriaturl, Sow., by the larger number 
of its concentric wrinkles. 

Measurements of the specimen :- 

. . . . . . . . . .  Length of the doml valve M mm. . . . . . . . . . . .  breadth , . , , ,  . 3 7 , ,  . . . . . . . . . .  Depth . , . .  ,, 7.6 ,, . . . . . . . . . .  Length of the hinge line 30 , 

Locality and geological positios ; a u d e r  of apecimena examined.-Coarse 
grained, dark limestone, with a reddish weathered ~urface, containing remains of 
Pe~lestella? ; Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 

Remarks.-Productus puetuloeus is known from be& of lower carboniferous 
age in England, Ireland, Belgium, Central France, Blsatia, Silesia, Carinthis and 
Central Itussia (?). A variety of this species has been described from Loping by 
Kayser. It differs from the typical form by the presence of a broad, distinctly 
marked off, geniculate trail. I t  is this upper carboniferous variety with which the 
type specimen from Kashmir ought to be identified. 

The specimen from New Mexico considered as identical with P. pustulosue by 
Marcou (Geology of N. America, p. 48, PI. VII, fig. l), is distin,&shed from this 
species by the presence of a finely tuberculated zone in the vicinity of the anterior 
and lateral shell-margins. 

P. pustulosue bar. mintslue, Abich (1. C. p. 37, Taf. V, fig. 10) from the per- 
mian rocks of Djulfa has been referred to Strophalosicc horrescew by Val. von 
Moeller. 

9. P R O D U O T ~ ~  PUNOTATUS, Martin. P1. 11, fig. 11. 

18Ug. Alnorniter puaetatrr, Martin, Petrificats Derbiensia, p. 8, m. XXXVII, 6g. 6 (figs. 7. 8 exolneie). 
1811. Trigwia rugora, Parkiuson, Organio Bemeins, eto., Vol. 1x1, p. 177, P1. XII, fig. 11. 
1822. Anomites theccvn'us, Bohlotheim, Naohtmge znr Virateinerungskunde, Vol. I, p. 63, Pl. XIV, fig. 1. 
1823. P70ductus punctcrtur, Sowerby, Min. Co~~ah., Vol. IV, p. 22, P1. 323. 
1836. P*oducta purpctata, Phillips, Geology of Yorkshire, Vol. 11, p. 215 ; PI. VIII, fig. 10. 
1837. Lsptaena rulcata, Fieoher vo~i Waldheim, Oryotographie du Qonvernemeut de Moeoow, p. 143, PL a.3, 

fig. 2 (nor Sowerby). 
184l. Productus prnctatu,  L. v. Bnch, Abhsndlgo. koenigl. dkademie d. Wise. Berlin I. Th. p. s$, Tnf. 11, 

figs. 10, 11. . 

1843. P.punctatus, L. de Koninok. DBaoription den animaur fws. du terrain oarbon. de Belgiqne, p. 196, 
~ 1 .  VIII, fig. 4 ;  PI. X, fig. a. 

18%. P. punctatus, E. da Vernenil, Qdologie de la Bnseie d'Enrope, VoL 11. P ~ n t o l o g i e ,  p. 276, PI. 
XVI, fig. 11. 

1847. P.punatcrtcce, L. de Koninok, Mouographie des genres Productus at C h e t e r ,  p. 125, P1. XII, 
fig a. 

1354 P. purrtatrr, Shnmard in B. &myas Erploration of the Bed River of Louieiaoa, p 188, R. I, fig. 
5 ; PI. 11, fig. 1. 

1868. P. punatatus (P), Jlarcan, Geology of North Amerioa, p. 48, F'L VI, fig. 2. 
1860. P. trdularpinra, M'Chesney, Desoription of new speoies of foasila from the palreozoio m k a  of the 

Wesbrn Staten, p. 37. Illustrations of the same : 1868, PI. I, figs. 10, 11. 
1862. P. purclatur, Davidsoo, Nooogr. British oarboniferone Br~hiopoda, p. 172, PI. XLIV, fig& 0.1& 
1870. P. puuutatrcs, bemor, Geologie VOII Oberaohleaien, p. 80, PL VII, fig. 8. 

r il 
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1872. P. pumtafur, Meek, Find Report of the U. 9. Get logicul Snrv. of Nebrarko, p. 169, P1.11. fig. 6 
P1. iV, fig. 6. 

1873. P.punctdua, L. de Koninck. Monogrrrphie den farsilm aarbonifhres de Bleiberg, p SO, PL I ,  fig. 19. 
1873. P. punrtalua, Meek and Worthen, Qeolopicsl Sum. of Illinois, Vol. V, p 669, P1. fdS,&g. 13. 
1875. P. punctatw (P), Tonla, Eine Kohlenkalk-Fmna von den Barents Jnmln. Sitzgber. Kaia Akad d. 

Wirs. Wien. math. uat. C1. Bd. LXXI, I. Abth. p. 26. 
1876. P. pnmctalw (P), L. de Koninok, Reaherches nur les fosn. pal6ozoiqneb de le Nonvelle Wer dn 

Bod,p. 193, PI.X,fig.2. 
1877. P.pvnotatw, White, Heport upon the U. S. Geogr. Surreyr W. of the one hundredth Meridian, 

Vol. lV, Palreontology, p. 114, P1. VII. fig. 2. 
1888. P. punctatur, Krotow, MBm. Com. Mol. St. PBtersbanrg, Vol. VI, p. 406. 
3889. P.puactotu,  T~l~ern jwhew,  MBm. Com. G h l .  St. PBternbonrg, Vol. 111, No. 4, p. 373. 
1890. P. punctatur, Nikitin, ibid. Vol. V, No. 6, p. 68. 
1892. P. punctatw, khellwien, Die Fauna des h i m h e n  Pmnlinenkalka, Palmntogmphiclr, Bd. 39, p. 

25. Taif. V, fig. 1. 
1896. P. pnc ta tus ,  Jnlien, Le terrain arrbonifbre marin de la Frrrnae Centrale, p. 69, PI. VII, fig. 9 ; PI. 

XI, figs. 3,4;  PI. XII, fig. 8 ; PL XIV, figs. 4 6. 

This beautiful and easily recognised species which in Western Europe is most 
frequently associated with Produclue puetulossre is represented in tohe Geological 
Survey's H id l ayan  collection from Kashmir by two ventral valves, which, althougli 
partly injured by weathering, are sufficiently well preserved to warrant a certain 
iden tifioation. 

My specimens are somewhat broader than long, moderately arched and provided 
with a distinct medial sinus, originating a short distance from the very apex 
and extending to the front. The hinge-line is shorter than the greatest width of the 
shell. The auriculate expansions are barely defined from the swell of the umbo. 

The most oharacteristic feature of this speciea is ita peculiar sculpture. I am 
entirely unable to detect any differences in t h e  ornamentation of my speoimens and 
Uavidson's or L. de Koninck's type-specimens. My two specimens olertrly exhibit , 
the numerous concentric and regular bande, separated from each other by smoother 
interstices and thickly set with very numerous and delicate spines. The concentric 
ridges increase in size from the apex towards the front, but in my second speci- 
men, which attains 38 mm. in length, they beoome again smaller in the vicinity of 
the margins. 

The measurements of the figured specimen, which can only be given approxi- 
mately, are as follow :- 

. . . . . .  Length of the ventral valve in e straight line !27 mm. . . . . I . , l  along the o m  . . . . . .  87 , .. . . . . . . . . .  B r d t h  of the ventral valve SO .. Thioknem . , . , , , , , . . . . . . . . .  6.6 
Length of the hinge-line . . . . . a m . .  2 7 , .  

Locality and geological psition ; laumber of epecinzene examined.-Dark blue 
shale with limestone partings, coo taining numerous Pe~stellcz and indeterminable 
casts of Strophalosicz, Barus, Kashmir Valley ; 2. 

Beorwtrk8.-Prodwtue pnctatzos is a very characteristic species, which ranges 
through the entire carboniferous system into permo-carboniferous strata. I n  Europe 
it has been described from the mountain-limestone of Great Britain, Belgium, 
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Central France and Silesia, from the Noetscher Sohichten of Bleiberg in Carinthia 
of lower carboniferous age, from the upper carboniferous Pusw2ina limmtone of the 
Krone (Carnian Alps), from the Moscovian, Qshelian and Artinskian stage of 
Xussia. I n  North America it likewise ranges through all the strata of the carbo- 
niferous period, from the sub-carboniferous beds of Iowa, Illinois and Missouri into 
the upper carboniferous ma1 measures of Nebraska. 

A dorsal valve figured by L. de Koninck from the carboniferous rocks of New 
South Wales has been attr~buted to P. punctatus by this learned author. But 
judging from the figure the specimen is too incomplete to allow a safe identifica- 
tion. 

VI. SECTION : CAPE RATI. 

10. PRODUCTUS ACULEATUS, Martin. P1. I, figs. 6, 7. 
1909. Asorniter acdedur ,  Martin, Petrificafe Derb. p. 8, PL XXXVII, figs. 9,lO. 
1814. Productua acdeatw, Sowerby, Miuer. Conoh. Vol. I, p. 166, PI. LXVIII, fig. 4. 
1836. Produeta laxupina, Phillips, Geology of Yorkshire, P1. VIII,  fig. 13. 
1836. P. upindoaa, Phillip (son Sowerby), ibidem, Vol. 11, P1. VII, fig. 14 
1843. P. gryphoider, L. de Koninok (ex pa th)  D6soription den an imus  foss. du terrain arrbonif. de hlgique, 

p. 182, P1. IX, fig. 1, PI. XII,  fig. 12. 
1847. P. acdsotw, L. de Koninak ; Monographie dea genm Produetw et Chonstsr, p. 144, P1. XVI, fig. 6. 
1861. P. aculeatur, Davidson, Monogr. Britiah Carb. B~rnhiopda, p. 166, P1. XXXIII, figs. 18-20. 
1867. P. d e a t w ,  Verohhre, Kashmir, the Western H d e y a  end the Afghan Mts. Joorn. Anintie 800. of 

Benpl, Vol. XXXV, Pt. 2, pp. 203,213. 
1973. P. aruleatur, L. de Koninck, Monographie dea foseilea arrbonifhree de Bleiberg en Carinthie, p. 36, 

P1. I, fig. 20. 
1876. P. aruleatw, Tonla, Eine Kohlenkelk Fauna von den Barenb-Insaln, 8itsongsber. Kak. b e d .  

d. Wise. Wien, ~wth .  nat. Cl. Bd. LXXI, I Abth. p. 26, Taf. 11, fig. 10. 
1883. P. aculeatw, &cyser, Obemnrbonisohe F e w  von Loping, Biohthofen's Chine, Bd. IV., p. 186, Taf. 

XXVI, figs. 1-6. 
1888. P. acdeatw,  Kmtow, M6m. Corn. GkoL St. Pitersbonrg, Vol. VI, p. 409, Taf. I. figs. 16, 17. 
1892. P. aculeotw, Sobellwien, Die Psnns den Kernischen Fosulinenkalks, P d m n t o g n p b i g  Dd. 39, 

p. 26, Taf. 111, fie 10, 11. 

Among the few fossils of undoubtedly anthracolithic age wbich have been 
collected in the Kashmir valley by Dr. VerchBre, a small species of Productus is most 
numerouely represented, which agrees very well with P. oczcleatzce, Martin. 

Al l  my specimens are of moderate dimensions, nearly as broad as long, or of 
slightly elongated outline. The greatest width of the shell is nearly always situated 
nearer to the front margin than to the beak, thus imparting to my forms a 
uornewhat trapezoid shape. The ventral valve is very strongly oonvex and provided 
with high, steeply curved, lateral parts. The hinge-line is considerably shorter than 
the greatest width of the shell and is overlaid by the attenuated, strongly involu& 
apex. The ears are very small and not distinctly defined. No trace of a median 
sinus is developed in any of my specimens. 

I n  the majority of my forms the sculpture consists of irregularly scattered 
tubercles, which in the anterior portion of the valve are wcasionally transformed 
into longitudinal ribs. These radiating ribs are however never as numerous and 



mgular aa in the Chinese variety described by Kayser, or in the specimen figured 
by Davidson on PI. XXIII,  fig. 19, of his monograph of the British carboniferous 
Brachiopoda. 

Bmides this peculiar sculpture a much more delicate concentsic ornamentation 
ie exhibited in the less weathered specimens. 

No doraal valve of this species is known to me. The measurements of one of 

my type specimens (Bg. 7) are at3 follow :- . . . . . .  Length of the ventral valve in a straight line 16 mm. .. . . . . . .  . . , . , , . . . .  along the curve 20 . . . . . . . .  Breadth ,, ,, ,, ,, 13 ,. . . . . . . . . .  Thicknas ,, ,, ,, 8 , .  . . . . . . . . .  Length of the hinge-line 7 ,  

Locality and geological p i t i o n  ; ntumber of epecimm examined.-Coarse, dark 
grey limestone, Kashmir ; Coll. Verchhre ; 8. 

Remarks.-Products8 aculsatus is a very variable species, under which many 
shapes differing considerably from Martin's type specimen have been united by 
various authors. My forms seem to hold an intermediate position between 
Martin's type, which almost entirely agrees with Toula's specimen from Hoefer 
Island, and the Chinese variety described by Kayfier. The Carinthian variety 
figured by Schellwien is characterised by yet strongor ribs in the frontal portion 
of the ventral valve. The specimen from Sew South Wales, omsidered as iden- 
tical with B. aculeatus by L. de Koninck (Recherches sur lea foss. palhzoiques 
de la Nouvelle GaLles du Sud. p. 204, P1. XI, fig. 6.) seems to differ considerably 
fromMartin's species by its uncommonly broad and strongly developed concentric 
hmina  . 

Productu8 a c u l e a t ~ )  is a characteristic speciea of the carboniferous period, being 
known from the mountain limestone of Belgium, Great, Britain and Bleiberg in 
Carinthia, and from the upper carboniferous beds of the Carnian Alps, of Ilussia, * 

Hoefer Island and China. - 
VZI. SECTION : IRR E Q U U E S .  

11. PEODUCTUS MoNeoLIcus, Diener. PI, VI, figs. 7, 8. 

1883. Productus ef. Cors, Kayser, Obemubonieohe Fsnns von Loping, Richthofen's Cbim Bd. IT, p. 184, 
Taf. XXVII, iig. 5. 

1898. P .  mongoliczlr, Diener, HimLlayan Fossils, Palreont. Indioa, ser. XV, VoL 1, Pt. 3. The yermocar- 
bouiferous fauns of Chitichun No. 1, P1. IV, figs. 8-10. 

Two specimens from the anthracolithic rocks of Kashrnir are referable to thifi 
chara~terist~ic and easily recognised species. One of them is a tolerably well pre- 
served ventral valve, which, although somewhat .deformed by crushing, exhibits all 
the leading features peculiar to the present species. I t  is of an elongately triangular 
shape, provided with an acuminated, involute apex, and, as far as I am able to 
judge, with very small, strongly depressed wings. The ornamentation is of exactly 
tho same pattern as in my type specimens from the permo-carboniferous lime- 
atone-crag of Chitiohun No. 1. 
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I think this specimen may be safely identified with P. mongolictas, not with 
the closely allied 9. compresew, Waagen (Salt Range Fossils, Pal. In&, ser. XIII, 
Vol. I, Prod. Limest. Foss, p. 710, P1. LXXXI, figs. I, 2) on account of its more 
strongly developed, concentric sculpture, which equally affects the median and 
lateral portions of the valve and on account of its lateral margins not being concealed 
below the strongly compressed lateral parts of the shell, as is the case with the Salt 
Range species, according to Waagen's description. 

The measurements are approximately as follow:- 

Length of the ehell in a stmight line . . . . . . . 38 mm. 
,, ,, ,, ,, along the curve . . . . . . . . 41 ,, 

Breadth of the shell . . , . . . . . , .ma. 28 ,, 
Thiokneas of the ventral valve 8 , s  

My seoond specimen is the cast of 6 large ventral valve, with a few fragments 
of the dorsal valve adhering to it. The distance between the two valves must have 
been very small, especially in the apical region. This specimen only differs from 
the previously described one by its krger size and greater flatnews. I think there 
oan be little doubt as to its identity with the present species. 

Locality and geological pd t ion  ; number qf specimens examined.-Dark, mica- 
ceous shales with limestone partings, containing numerous remains of Bryosoa, 
Barus, Kashmir valley ; Coll. Godwin-Austen ; 2. 

Remarks.-Productue mongolicus has been described from the upper carboni- 
ferous beds of Loping in China by Kayser, and from the permo-carboniferous limestone 
of Chitichun No. 1 in Tibet by myself. 

Subgenus : MARGINIFERA, Waagen. 

1884. Barginifem, Waegen, Salt Range Foseils, Palaeontol~~ia Indim, ser. XIII,  Vol. I. Prod. Limeat. Pose, 
p. 713. 

For a discussion of the subgeneric value of this group of Producti, wide my 
monograph of the Chitiohun fossils (Pt. 3 of this volume, pp. 30 to 32). 

1. MARQINIFEBA HIMALaYENsIs, nov. sp. PI. 11, figs. 1-7 ; 'PI. VI, figs. 1, 2. 

1866. P. senircticulatw, Shliazkn, Geological sectione mrow the Himblaym Mountaim from 
Wangtu bridge on the River Sutlej to Snngdo on tlls Indue, Mem. Qeol. Sum. of India, Vol. V, Pt. 
I. p. 29. 

1866. P. longispinu, Stoliczka, ibidem, p. 29. 
1889. P. semiretir?datrr, Lydekker. The Geology of the Klrebmir and Cbamba Te~itories, Mem. Qeol. 

Survey of India, Vol. Y XII,  P1. 11, fig. 2. 
1896. Marginifera cf. t~picm, Diener, Ergebnieee einer Qeologimben Expedition in den Central HimUaya 

von Johh, l innd6~ und PainkhBnb, Denkmhr. Kais. Aksd. d. Wiu. math. nat. CI. Bd. LXII, 
p. 696. 

1898. x. himalayeneia, Diener. The permocarb. fauna of Chitiohnn No. 1, Pal. Iod. rer. XV* BirnPeyan 
Fosa, VoL I, P t  3, p. 36. 

This is the most common species of Stoliczka's '' Kuling Shales " in Spiti and is 
met with in corresponding beds in Kafihmir. The majority of specimens contairred 
in the Geological Survey's Hidlayan oolleotion hove been mistaken for Productuo 
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semireticulatus by Stoliczka and Sydekker. With this species the present form hag 
however scarcely mything in common but an external similarity in the sculpture 
of the dorsal valve. Its internal characters, on the contrary, prove it to be a typi- 
cal representative of Waagen's subgenus Marginifera and to be most c lwly allied 
to M. typiuo, from which indeed i t  is distinguished by very subordinate characters 
only. 

The present species varies considerably in its general shape and outlines. It 
is, as a rule, transversely oval or even transversely rectangular, but specimens of a 
subquadrate outline are also occasionally met with, and a few exceptional forms 
even exhibit an elongately oval shape. 

The ventral valve is always very strongly inflated. I ts  visceral part is distinctly 
prominent above the hinge-line. It is either regularly curved in the longitudi- 
nal direution throughout its entire length from the apex to the front margin, or its 
apical region appeam to be more or less flattened. I n  some speoimens even 
a blunt genioulation sets in where the visceral and anterior portions oE the 
valve unite. Close to the apex, almost at  its point, a mesial sinus takes its 
origin a ~ d  extends down to the front line. It is of variable width and depth, but 
is always distinctly developed. I n  some of my specimens it is extraordinarily deep 
and narrow, exactly of the same character as in the type specimen of Productus 
gratioeus, figured on P1. 111, fig. 7, of my monograph on the Chitichun brachiopoda 
(Pt. 3 of this volume). As a rule the mesial sinus is most deep1 y impressed in the 
visceral portion of the valve, but becomes more shallow towards the front. 
The beak is not much bent over, pointed, but not passing far within the hinge- 
line. The latter is straight and marks the greatest breadth of the shell. The 
wings are rather large and prominent, pointed a t  their extremities, somew hat 
triangulaz and strongly arched. They are defined by a sinuosity or furrow from 
each lateral margin. The lateral portions of the ventral valve are bent d o ~ n  in a 
very steep curve towards the wings. The lateral margins are rounded ankriorly 
from the sinuosity or furrow in advanoe of each wing, to the front, which is 
distinctl?, though, as a rule, but slightly sinuous in the middle. 

c I ,  If the shell has been entirely preserved, the ornamsn tation consists of very 
numerous longitudinal striae or costae. The majority of the ribs remain quite 
regular for their entire length. Occasionally, however, two or three are united 
into a coarser one. The stria or costa are parallel and do not exhibit any tend- 
ency to con~erge towards the centre line of the mesial sinus, as it is the case in the 
typical form of Narginifera typica. I n  the apical region the delicate, radial 
plication is crossed by an equally delicate concentric sculpture, imparting to this 
portion of the shell an illdistinctly reticulate appearance. The concentric striae 
are always less numerous and separated by larger intervals than the radiating ones. 
Traces of spines are ulmost entirely absent. 

Generally on somewhat worn-out examples the concentric striae are so nearly 
obsolete that the radial plication only is exhibited. Specimens of this kind 
strongly remind of the figure of Productus longiapinue oar. eetosw, given by Krotow 
in his memoir on the geological structure of the districts of ncherdyn and 



BRACHIOPODA. 

Ssolikamsk (UBm. Com. GBol, de la Russie, Vol. VI, St. Y6tersbourg, 1888, Taf. I, 
6ga. 12, 13). I n  specimens which are still more weathered tho surface, at a first 
glance, presents the appearance of being entirely smooth. But even these speei- 
mens, like the one figured by Lydekker, almost always show the remains of either 
the concentric or radiating stria on the more protected parts. 

A small number of specimens whioh have been collected in the Kuling shales 
near Muth in Spiti by Dr. Ferdinand Stoliczka are distinguished by a slightly 
stronger ornamentation of their ventral valves than the rest of my forms, I n  
these specimens (PI. VI, figs, 1, 2), which clearly show the peculiar intern31 charac- 
ters of the subgenus Margindera, both the concentric and radiating plicatiocs are 
rather strongly developed. In  the speoimen, figured on P1. VI, fig. 1, moreover, the 

. radiating costa standing next to the mesial sinus show a slight tendency to conver& 
towards the latter. Regarding the small importance of these characters of 
difference, I do not think that these speoimens ought to be oonsidered as more than 
variations of the present species. 

The dorsal valve is deeply concave and follows very closely the curve of the 
opposite one, thus leaving but very little room for the animal within. The visceral 
and anterior portions are very often separated by a strong geniculation. A broad, 
strongly elevated mesial ridge, corresponding to the sinus in the ventral valve, 
extends from the beak towards tho front. The wings are flattened, but not distinctly 
marked off from the rem~binder OF the valve. The sculpture is much more prominent 
than in the ventral valve. Both the apical and visceral portions are strongly reti- 
culated, imparting to the casts of this valve an external similarity to small 
forms ~f Productus semireticulatue. I n  the trail this reticulated ornamentation 
is replaced by a delicate radial plication. The sculpture of the wings is more 
delicate than in the remainder of this valve. Traces of spines have but seldom 
been noticed. 

Tbe shelly substance of both valves is rather thin. 
The measurements of one of my largest and most complete speoimens (Pl. 11, 

fig. 1) are as follow :- 

Length of the shell in a straight line . . . . . . . 226 mm. 
,, ,, ,, dong the ourve . . . . . . . 40 ,, 

,, ,, ,, dona1 valve . . . . . . . . 19 " 
Entire breadth of the shell . . . . . . . . * 
Thickness of the ventral valve . . . . . . . . 14 ,, 
Dist.ltnoeofthetwovalveefrome.chother. . . . . . 7 ,I 

Breadth of the shell without the wings . . . . . . 30 

The oharacteristic feature of the subgenus Harg indfera, eis., the prominent 
shelly ridge within the wings of the ventral valve, is clearly seen in Lydekker's 
type specimen of this species from Kashmir (Pl. 11, fig. 6). The wing having been 
broken off on one side of this specimen, the peculiar crenulated ridge, as described 
and figured by Waagen, is exhibited. This internal ridge has also been noticed in 
several forms from the Kuling shales of Spiti collected by Dr. Stoliczka. I n  a 
large number of my specimens, moreover, the trail of the ventral valve is marked 

Q 
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off from the remainder of the shell by a distinct band or furrow, w hioh comaponds 
to the internal ridges along the margins OF the dorsal valve. 

Of other internal characters of this species nothing is known to me. 
Jocality and geological poeitzon; aumber o j  epecimene examined.-The 

Kuling shales of Spiti are very rioh in specimens belonging to this species. 
Among the Geological Survey's Himalayan colleotion from Spiti the following 
localities are represented :-Kuling, Coll. Stoliczka, 36 ; 0011. Griesbach, 14 ; Khar, 
Coll. Stoliczka, 4 ; Coll. Qriesbach, 18 ; Muth, Coll. Stoliozka, 8 ; Lilang, (3011, 
Stoliczka, 8- Six specimens have been collected by Dr. Gerard, but the exact 
l m l i t y  from which they have been obtained is not known. 

I n  Kaahmir our species has been collected by Lydekker in shales with l i m e  
atone partings of the same lithological character as the Kuling shales of Spiti. The 
specimens, 16 in number, were found on the western summit of a ridge N.E. of 
Prongam Tral, associated with P. Abichi, Waag., Strophorraencc analoga, Phil., and 
Cho&trs grandkosta, Waagen. 

I t  is not improbable that Dr, Verchhre (1. c. p. 213) had this species in view 
when describing his specimens of Produclue longispinue from Kashrnir as differing 
from Davidson'e types by " their well-defined, enrolled and horn-like ears." 

Remark8.-The present species is very oloeely allied to Marginife~a typica, 
Waagen (Salt Range Foesils, Pal. Ind., ser. XIII., Vol. I, Prod. Limest. Fose., p. 
717, P1. LXXVI, figs. 4-7, Pl. LXXVIII, fig. I), and it was only after much 
consideration that I did not feel justified in identifying them altogether. If one 
bad to deal with ventral valves only, it should, in some cases at  least, be difficult to 
distinguish between them. This remark ohiefly applies to the variety from Muth, 
which, by its aoarser sculpture, approaches very closely the typical form of the 
Salt-Range species. The almost entire absence of spines, however, is a remarkable 
feature in all my specimens of M, himalayeneie. 

The most striking p r~of  of the distinctness of the two spoies rests on the 
character of the dorsal valve whioh is much more strongly reticulated and provided 
with a very prominent median fold in H. himalayeneu. Nor are the two 
remarkable rows of grooves present in the latter speoies, which in M. &pica extend 
inside along the ridges, separating the wings from the remainder of the ehell. 

A closer comparison of the present species with other forms of tbe subgenus 
Zargiavera seems hardly necessary, as the distinguishing characters are almost the 
same as have been indicated by Waagen ae separating M. typica from the reet of 
congeneric species. 

Genus : STROPHALOSIAs King. 

The genus Strophalo&a is not a t  all rare in the anthrmlithic ayatem of the 
Western Himfilsyas, but nearly all the specimen6 whioh I have examined are 
too fragmentary for specific determination. 

The only Eimfilayan representative of this genus, the charaotem of which are 
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tolerably well known, is Strophaloeia Gerardd, King (A monograph of the permian 
fossils of England, London, 1860, p. 96, P1. XIX, figs. 6, 7). The forms on 
which this species has been founded by Pmf. King were picked up by Dr. Gerard 
on the crest of a pass, leading from Ladakh into Bisbhir, at  a height of 17,000 feet. 
This species, whioh is not represented among my fossil material, has been compared 
by Waagen to Strophalosia plkcoea from the lower Productus limestone of the Salt- 
&nge and has been identified recently with an Australian shell from the Bowen 
river coalfield in Queensland by R. Etheriage, jun. (Geology and Palaeontology of 
Queensland and New Guinea, London, 1892, p. 260, P1. XIII ,  fig. 18, P1. XIV, 
fig. 18 ; P1. XL, fige. 7, 8) .  Whether the two dorsal valves from the Zewan beds 
of Kashmir, described and figured by Dr. Verchhre as Strophalooia (?) arachnoidsa 
(Journ. Asiat. Soo. of Bengal, Val. XXXV, Pt. 2, p. 213, P1. IV, fig. la, lb), 
really belong to this genus, is a t  least very doubtful. 

Among the specimene of Strophatosia, contained in the Geological Survey's 
Himalayan collection, two species oan be distinguished. One of them appears to 
be related to St. costata, Waagen, the other to St. tenuispina, Waagen. 

STBOPHALOSIA SP. IND. APF. ST. COBTATA, Waagen. P1. I, figs. 16,16. 

Besides a considerable number of very poorly preserved fragments, two inoom- 
pleh ventral valves with partly preserved shell are referable to a species, which to 
me seems rather olosely allied to St. coatata, Waagen (Salt-Range Fossils, Pal. Ind., 
ser. HIII ,  Vol. I. Prod. Limest. Foss., p. 656 ; P1. LXIII,  figs. 7, 8 ; P1. LXIV, 
fig. 1) from the lower Productus limestone (Amb beds) of the Salt-Range. 

Both specimens are of transversely oval outline, but so much crushed as to 
appear strongly asymmetrical. The apex is too badly preserved to show the 
presence of point of attachment. Nor has i t  been possible to state the preaenoe 
of an area with full certainty. A medal sinus is but slig&tiy indicated. 

The most characteristic feature of these two ventral valves is their ornamenta- 
tion. It consist3 of tolerably eliarp, elevated, radiating ribs, which are not quite 
regular for their entire length and increase in number towards the front either by 
bifurcation or by intercalation of new costae. At irregular intervals the ribs are 
strongly nodose and ornamented with spines. These spines are most numerous in 
the vicinity of the lateral margins near both extremities of the hinge-line. This 
ooarse radiating sculpture is crossed by a very delicate concentric ornamentation. 

The measurements of the smaller specimen (fig. 16) are approximately as 
follow :- 

. . . . . . . . . .  Length of the shell 21 mm. 
Breadth,, . . . . . . . . . . .  22 ., 
Leugth of the hinge-line . . . . . .  IS,, 

Locality and geologbal position ; number of specimem examined.-Dark blue, . 
shaly limestone, with Peteatello, N. of Eishmakam, Kashmir Valley ; CoL 
Lydekker ; 2. 

Bemarka.-Among the Indian representatives of this genus the present 
0 2 
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sp&es bas its nearest ally in Strophaloaio costato, Waagen. It is, how- 
ever, distingui8hed from the latter by its considerably larger dimensions, by the 
absence of a strongly developed mesial sinus and by its more numerous spines. 

2. STROPHAIQSIA OF. (?) TENUISPINA, Waagen. Pi. I, fig. 17. 
1887. St~ophdosia tenwbpina, W.sgen, Belt-huge Foarile, Pal. Ind., ser. XIII, Vol. I. Prodoetnn Lime 

stone Foes., p. 664 PI. LXIV, f igs.  2-7. 
a 

A single incomplete ventral valve of a Strophaloeia so closely resembles this 
species from the lower Productus limestone of the Salt-Range that I a n  scarcely 
be far wrong in referring i t  to the latter as it5 nearest ally. 

I ts  general outline is almost circular. The ventral valve, which alone is 
accessible to observation, is but moderately inflated, as in Waagen's type 
specimen, figured on P1. LXIV, fig. 2 of his monograph and is very regularly 
curved in either direction. The apex being broken off, one of the most important 
cllaracters for the identification of a Strophalosia is unfortunately missing. 

The ornamentation is nearly the same as in the specimen figured by Waagen 
on P1 LXIV, fig. 6 of his nlonograph. It consists of a comparatively small 
number of very thin, elongated spines, which are directed forward, firmly appressed 
to the surface of the valve, and arranged into approximately concentrio rows. A 
few imbricating, concentric stria of growth may be noticed besides this radiating 
sculpture. 

I have not succeeded in cleaning the dorsal valve from the adhering 
matrix. 

Exact measurements of this species cannot be given, as the materials a t  hand 
are too fragmentary. The figure will give, I hope, a sufficiently clear idea of its 
features. 

Locality and Geological poeitioa; numbe~ of specimens examined.-Shaly, 
micaceous limestone with Productur semireticulatw, Barus, Kashmir Valley ; Coll. 
Godwin-Austen ; 1. 

Remu,rke.-As this specimen is too imperfect to warrant a decided identi- 
fication, its direct reference to Etrophalosia tenuispina may have elements 
of doubt, but, on the other hand, I cannot ~atisfactorily compare i t  to anp other 
among the congeneric species. Had i t  not been for the moderate inflation of the 
ventralvalve and for the less numerous and more delicate spines, S. plicata, 
Waagen, might have put in-a claim for a closer comparison. 

I n  the Salt-Range Strophalosia tenuispina is restricted to the Chonetes-bed of 
the lower Productus limestone a t  Amb. The Barus beds of Kashmir with P. 
~~p)zireticulatus seem to hold a similar geological position. 

Subfamily : CHONETINB, Waagen. 

Genus : CHONETES, Fischer v. Waldh. 

In  the Himaayan collections of the Geological Survey from Kashmir and 
Spiti the genus Chonetea is represented by altogether four species. Among the 



BRACHIOPODA, 46 

subdivisions or sections of this genus established by L. de Koninck and partly 
emendated by Waagen, they can be grouped in the following manner:- 

I. SECTION : STRUT&. 
1. Chonctes Ef. Ldrsarerrsir, Diener. 
2. Choaetes dualeniana, Davidson. 

11. SEOTION : GRANDICOSTATB. 

3. Chonctes grandicoato, Waagen. 
4. CAonetea Barusidnris, Devidson. 

One of these sl~ecies, Chmetes cf. Lksareneis, from the Kuling shales of Spiti, 
is probably identioal with one of the most common leading fossils of the permian 
Product us shales of J ohar, desoribed by  myself in the fourth part of this volume. 
Chonetee grandicoata had been previously discovered in the upper Productus- 
limestone by Waagen. The two remaining species are peculiar to the anthracolithic 
system of Kashmir. One of them, Ch. Baruriemir, had been originally classed 
among the genus Spirifer by Davidson. I n  placing i t  in the genus Cho~aetae I 
am following Waagen's opinion. 

Besides Chmetee dueteniaraa and ah. Barueiensie two more species of this 
genus have been described by Davidson in his memoir on the carboniferous fossils, 
collected by Captain Godwin-Austen in Kashmir. These are Ch. tawie, Davidson 
(Quart. Journ. Geol. Soc., London, Vol. XXII, 186e, p. 44, P1. 11, fig. 17) and Ch. 
Bardrmsis war. Tibetensit?, Davidson (ibid, p. 36, P1. I, fig. 7). The latfer denomi- 
nation ought to be changed into " Kaehmerieneie," acoording to Lydekker, because 
the specimens in question were obtained from Kashmir, not from Skardti in Little 
Tibet, as it had been first erroneously supposed. 

Chimetee lavie is a, small and rather indifferent species, with a nearly 
~mooth surface. Waagen has compared it to Ch. dmbieneie, Waag., Ch. rotundata, 
Toula, and Ch. planumbona, Meek and Worthen. He even suggested its 
probable identity with Ch. rotundata from Haefer Island. I think, however, that 
all these forms are specifically different from Ch. lavis. Ch. rotundata, Toula (Eine 
Kohlenkalk Fauna von den Barents-Inseln, Sitzungsber Kais. Skad. d. Wiss 
Wien, 1875, math. nat. C1. Bd. LXXI., p. 28, Taf. 11. fig. 12, non 11) is much 
more strongly convex and not flattened towards the ears, which according to David- 
son's description, is a prominent feature in the H id layan  form. Ch. Ambienaie 
Waagen (dalt-Range Fossils, Pal. Ind., ser. XIII., Vol, I. Prod., Limest. Foss., 
p. 618, P1. LVIII, figs. 1-6) is deo more strongly inflated and provided with a shorter 
hinge-line and with a prominent apex. From Ch. planmbolaa, Meek and Worthen 
(Geol. Surv. of Illinois, Vol. 11. Pa l~on t .  p. 253, P1. 18, fig. l), Ch. la& differs by 
similar characters. 

The second species, Chonetee Hardrmsis war. Kmhsneriemk, belongs to a group 
of the carboniferous desoendants of the devonian Ch. Hardren&, Phill., of whioh 
Ch. Lag~esiancc, L. de Kon., is the prototype. 



I. SEC~ON::  STRIATB. 

1. CHONETES OF. LIB~ARENSIS, Diener. P1. VI, fig. 3. 

1897. Chonetes Lirrarenn'r, Diener, HimLlayan Foeeila, Pal. Ind., ser. LV, Vol. I, Pt. 4. The fauna of the 
petllrian Yrcdootur ehales of JohBr and Painkhdnda, P1. II ,6gs .  4,6, p. 

Among the fossils collected by Stoliczka in the Kuling shales of Spiti 
there is a single ventral valve of a Chonetee, which seemed to me indis- 
tinguishable from Ch. Lmearemk, one of the most typical species of the permian 
Productus shales of JohAr. 

Its outline is transversely trapemidal, with rounded-off margins. I t  ia 
very gerrtly curved in the longitudinal direation. The hinge-line corresponds to 
the greatest width of the shell. The lateral parts am distinctly flattened and form 
slight triangular wings. The apex is very slightly developed and pointed. No 
spines have been noticed on the margins, which are limiting the area above. 
The mesial sinus is cut out very sharply and bordered by steep marginal walls. It 
is, however, neither deep nor wide, and disappears almost completely in the 
vicinity d the front. A narrow, sharp, median fold r i s~s  from the bottom of the 
sinus and is distinctly develcped almost throughout its entire length. It is exactly 
of the same character as the majority of the specimens from the Productus shales 
of the Lissar Valley in JohBr. 

The specimen is a cast only. I ts  central portion is ornamented with very 
numerous and delicate striae, covered with numerous puncta. In  the marginal 
region the ornamentatibn is partly obrjcured by weathering, but in some plaoes, 
esptmially in the vicinity of the wings, the presence of deep grooves is distinctly 
seen, Which are directed towards the shell mazgin. 

The measurements of this specimen ,are as follow :- 

Entire length of the shell . . . . . . . . . 9 mm. 
,, breadth ,, ,, along the hinge-line . . . . . . 17 ,, 

Thioknese of the ventral valve . . . . . . 2 ,, 
Apical angle. without the wing0 . . . . . . . om. lm3 

Locality and geological powitio4a; amber  of epechem examined.-Kuling 
shales, associated with Barginifera Eimalayewkv, Kuling, Spiti ; Coll. Stoliczka ; 1. 

Remarks -This specimen can hardly be otherwise determined, I think, than 
as Ch. Ximar&. If I do not venture on a direct identification, it is b e c a w  
the example is not complete and differences might perhap be noticed, if the 
dorsal valve were preserved. A closer comparison with other forms of this group, 
Ch. F'ishnzl, ,Salter, Ch. Zobata, Schellmien, Ch. memloba, Norw. and Pratt., seems 
hardly necessary. 

Chowtes Limarensis is a very oommon shell in the permian Productus shales 
of the Lissar Valley in JohBr. Its presence in the Kuling shales of Spiti would 
therefore be of no slight importance, with regard to a determination of their exaot 
stratigraphical position. The Kuling shales of Spiti, or, more exactly, their lower 
portion, which contains a palaeoeoic fauna and is overlaid by the triaasic Olocera8 
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stage, have been correlated with the Productus shales of JohBr and Painkhanda 
by Griesbach. The presence of Ch. Liasarens&.e in them beds would be strongly 
in favour of this view. 

2. CHONETES AU~TENIANA, Daviduon.. P1. 11, fig. 13. 

1866. Chonetsa Azlatmiorm, Davidson. Quart. Journ. Geol. ha.. London, Vol. XXIIl p. 4% P1.11. fig. 18. 
1884. Ch. duatmiclna, Waagen, Salt-Range Fwi la ,  Palmnt. Indiaa, ser. XIII., Vol. 1, Prod. Limest. Fose.9 

p. 639. 

This species wlts introduced by Davidson from a single ventrnl valve, collected 
by Captain Godwin- Austen in the anthracolithic rocks of Kashmir. My materials 
for its description are unfortunately in no way more complete. 

The only specimen, available for description, is a ventral valve of a transversely 
oval outline. I t  is moderately inflated and very regularly curved both in the 
longitudinal and in the transverse directions. There are no auricular expan- 
sions, although the lateral parts are slightly flattened near the extremities 
of the hinge-line, which corresponds to the greatest width of the shell. The apex 
is barely at all prominent, pointed, but not or only very little involute. At ita 
very extremity a narrow, concave, median sinus originates and extends to the 
front, increasing gradually but very slowly in width and depth. On the lateral 
portion of the valve two obscure, rounded depressions of very small dimensions 
may be traced on each side of the mesial sinus. These depressions are more 
conspicuous than the broad, barely elevated folds, into which the lateral portions 
are divided by the former. Otherwise the surface is dmost smooth. But this 
feature, I think, is only due to the weathering of the cast, because in some plaoes 
a large number of rounded punctures is indistinctly visible, which are arranged 
into radiating stria?. 

Neither the dorsnl valve nor the internal characters of this species are known. 
The measurements of my type specimen are as follow :- 

. . . . . . . . .  Entire length of the rhell 12.6 mm. . . . . . . . . .  ,, breadth ,. 16 .. . . . . . . . . .  .. thiokness a a'6 ,. 
A p i d  angle of the ventral d v e  without the wing8 . 120" 

Locality and geological poition ; number of epecimm examined.- Coaree, 
grey limestone, made up almost entirely of undeterminable fragments of brachio- 
poda, Zewan beds, Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 

Remmk8.-The present species has been classed by Wasgen among the 
section of grandicoetatce, and I must state my reasons for not concurring in 
this view with that learned author. I n  its general characters Ch. Auuteniana 
approacllee more nearly the "8triat;re " than any form of the " grandbostat~," being 
characterised by a delicate, radiating striation, which is made up of a large number 
of regularly arranged punctures, whereas the traces of larger plications are rather 
obscure and restricted to the vicinity of the margins only. I n  this respect Cb. 
Ausfenimo cannot advantageously be compared to Ch. uemioaalb, Waagen (1. o. 
p. 638, P1. LXI, fig. 5) as has been suggested by Waagen. The latter s p i e s  
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undoubtedly belongs to the section of grandicoslat~, being distinguished by the 
presence of strong and moderately high, radiating ribs. I therefore should not 
think it advisable to unite Ch. sevliovalie and Ch. Busteniana in the same group of 
forms. 

Among the " stria tae " Chonetee Austeniana may be considered as the proto- 
type of a proper group, distinguished from tbe rest of congeneric ~pecies by the 
presence of a few, low depressions, affecting the lateral portions in the vicinity of 
the shell-margin. 

11. SECTION : GRANDICOSTATB. 

3. CHONETES QRANDICOSTA, Waagen. P1.11, fig. 14. 

18%. Chonder grandicorta, Weagen, S ~ l t  Range Foaeile, Palmnt. Ind., car. XIII, Vol. I, Prod. Lime& FORB., 
p. 638, PI. LXI, figs. 6, 7.. 

The materials of this species in the Himalayan collection are very small, but 
the specimen is so characteristic that I think the determination can be made with 
sufficient accuracy. 

The specimen serving for description is elightly inferior in size to Waagen's 
types, but perfectly agrees with them in all its characters. It is easily distin- 
guished from all the rest of congeneric forms by its strongly inflated ventral valve, 
its deep mesial sinus, and its well developed, radiating folds. 

The ventral valve, which alone is accessible to observation, is a little wider 
than long, strongly but rather regularly convex. The hinge-line corresponds to the 
greatest width of the shell. The apex is slightly prominent, pointed and incurved, 
thus concealing the area almost entirely. I n  the specimen at  my disposal the 
largest portion of the area is covered up by the rocky matrix. 

Transversely the valve appears impressed in the middle by the presence of a 
very deep and broad, mesial sinus, which originates in the apex and is limited on 
both sides by prominent, rounded folds. These folds de~cend rather abruptly 
towards the flattened, pointed wings, from which they are marked off very sharply. 

The entire valve is covered by a radiating sculpture, which i u  most prominent 
on the two elevated folds. The sinus is ornamented in its bottom by delicate, longi- 
tudinal stria? only, whereas on the elevated folds regular oostse make their appear- 
ance, the highest among them forming the very crest of each fold. The aingr'are 
apparently devoid of a radial sculpture, but are ornamented with imbricating, 
transverse striae of growth. This transverse sculpture is but very faintly indicated 
in the remaining portions of the valve. 

Neither the dorsal valve nor the internal characters of this species are known 
to me. 

The measurements of the present specimen are as follow :- 

Entire length of the shell . . . . . . .  8 mm. 
., . . . . .  ,. breadth ,, ,, along the hinge-line 9 ,# 

,, thiokness , , ,, . . . . . . . .  . 4 , ,  
Apioal angle of thc ventral d v e ,  without the winKe . ooo 80' 

Localily and geological position ; nzlnaber of specimens examined.-Mioaceous, 



BRACHIOPO LA.. 49 

dark shales, with Productus Abichi and Marginiferu himalayensb, western summit 
of a ridge N.E. of Prongam Tdl, Kashmir ; Coll. LydelCker '; 1. 

Remark8.-The only differences between this form and Waagen's type-spe- 
cimens of Chonetee grandicosta are the somewhat more longitudinal shape and the 
smaller size of the former. I n  these characters i t  approaches more nearly Ch. aequi- 
costa, Waagen (1. c. p. 639, P1. LX, fig. 7), from wllicb i t  differs however by its 
ornamentation and by its deeply impressed mesial sinus. The two above-mentioned 
points of difference are certainly too insignificant to forbid its identification with 
Ch. yra,padicoeta. 

I n  the Productus limestone of the Salt Range the present species is restricted 
to the Cepbalopoda beds of Jabi. 

4. CHONETE~ BARU~IENSIS, Davidson. PI. VI, fig. 4. 

1886. Spi*ijbr B a w i s n s w ,  Davidaon. Q u d .  Jonrn. Qeol. Sm., London, Vol. XXII, p. 43, P1.11, fig. 7. 
1884. Chonetsr BartlsisMM, Wnrgen, Salt Range Foes., Pal. 1nd.s ear. XIII, Vol. I .  Prod. Limest. Foss., 

p. 618. 

Professor Davidson had only a single ventral valve of this speoies at  his 
disposal, for which he introduced the present denomination, Nor are my materiale 
in any way more complete. Thus our knowledge of the species necessarily must yet 
remain rather imperfeot. 

Davidson himself states his description of this shell, which he provisionally 
claseed among the genus Spirifer, to be very incomplete. Waagen was the first to 
discover the close resemblance of S p b f e r  Barueiemis to the largely aostate species 
of Chfietes from the Productua limestone of the Salt Range, and he consequently 
deemed it preferable to consider it as a ventral valve of a C'honetee. I fully agree 
with this opinion of that learned author. 

Chometee BarwiePlsis is of very small size and is easily distinguished from the 
rest of largely costate Chonetes bp its transversely trapezoidal ou tline, being twice as 
broad ae it is long. The greatest width of the shell ~~r responds  to the hinge-line. 
The ventral valve is but very little inflated and equally curved in the longitudinal 
direction. A broad, rounded sinus originates in the very apex and extends to the 
front, increasing gradually in width and depth. The wings are large, flattened and 
pointed. The apex is not prominent. There are three folds within the mesial sinus 
and five on each of the two elevated parts of the valve on both sides of the sinus. 
The oostm within the sinus are less strongly developed than those on the elevated 
parts of the shell. The wings are devoid of any ornamentation. 

Neither the dorsal valve nor the internal characters of tllis species are known 
to me. 

The measurements of my type specimen are as follow :- 
Entire length of the ventral valve . . . . . . . . 4 mln. 

,, breadth ,, ,, ,, ,, . . . . . . . . 8 .., 
,, thickness ,, ,, ,, ,, . . . . . . . caa I ,, 

Apical angb of the ventnl valve, without the wings . . . . . oea. 100° 

k d i t y  aad geological p i twpb ; %umber of apecinzws examined.--Ilarlc shales, 
B 



weathering in greenish and reddish colours, with Protoretepora, Barus, Kashmir 
Valley ; Coll. Qodwin-Austea ; 1. 

Bemark8.-Chonetee 8quumul$era, Waagen(1. c. p. 634, PI. LX, figs. 1 to 4) from 
the middle and upper Productus limestone of the Salt Range has been considered 
as the nearest ally to the present species by Waagen. The two forms are, however, 
readily distinguished by the smaller size and greater width of the Himalayan she14 
by its flatness, its larger wings and its distinctly impressed sinus, which is limited 
off more sharply from the elevated parts of the ventral valve. 

On account of its great flatness and of its large, pointed wings Ch. deplanata, 
Waagen, might put in a claim for a closer comparison. 

Fnmily : LYTTON~~DLE, Zittel. 

Genus: LYTTONIA, Waagen. 

LYTTONIA 8p. ind. PI. 11, figs. 16, 16. 
I 

Among the fossil materials, collected in the anthracolithic rocks of Kashmir 
by Lydekker, there are eeveral fragmentary oasts of a Lyttonia, which is probably 
very closely related to L. nobilis, Waagen, or to L. tenuis, Waagen, but does, unfor- 
tunately, not allow a specific determination, on account of the fragmentary charac. 
ter of the forms available for observation. 

The smaller of the two figured casts, corresponding to the cardinal portion of a 
ventral valve, exhibits thepeculiar triangular outline, which is common to all the 
species of this genus. The shelly substance has been entirely destroyed, but its 
charaoteristic, distinctly porous structure has been partly preserved on the cast. Botl~ 
the strongly developed median septum and the numeroua lateral septa are marked 
by deep furrows, which are corresponding to them in the casts. The surface of the 
latter is partly covered by the branches of Protoretepota. 

The specimen, figured on P1. 11, fig. 16, seems to have attained very consider- 
able dimensions, its width a t  the anterior border measuring about 60 mm. 

The present species is perhaps identical with one of the congeneric forms from 
the Productus limestone of the Salt Range described by Waagen. With Lyttmb 
Bichthofelzi, Kayser (Obercarbonische Fauna von Loping, Kichtho fen's " China, '9 

IV. Bd., p. 161, Taf. XXI, figs. 9-11) it cannot be identified, because the median 
septum, which is very distinctly developed in my casts, seems to be entirely absent 
in the Chinese shell. 

Locality and geological poeition ; number of epecimew exanahed.-Dark shales 
with limestone partings, made up almost entirely of 3ryozoa, espeoially of Pro- 
toretepra, Marble Pass, Kashmir ; Coll. Lydekker ; 4. 

Bemark8.-Lydeliker (Records Oeol. Burv. of India, 1884, Vol. XVII, p. 37) 
was the first to draw attention to the omurrence of L y t t k  in the anthraoolithic 
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deposits of the Kasllmir Valley. The presence of this genus is of considerable im- 
portance for a safe correlation of these beds, as i t  has hitherto never been discovered 
in older than upper carboniferous strata. 

Family : GTROPHOMENIDB, King. 

Sub-family : STROPHOMENINB, Waagen, 

Genus : STROPHOMENA, Blainville. 

1. STROPHOMENA ANALOBA, Phillips. P1. 11, fig. 17. 
1836. Producto analogs, Phil l ip,  Geology of Yorkshir*, Vol. I t ,  p 815, P1. 11, fig. 10. 
1840. Lep tana  dntur la ,  Sowerby, Miner. Concb., Vol. VII, PI. 616, fig 2. 

1803. Leptana  depears ,  L. de Koninck, Description des animanx fossilek qui se tranvent dane le terrain 
aerbonifbre de Belgiqne, p. 216, PI. XII,  fig. 3. . 

1 M .  Lepbagoniu multirugats, M'Coy, Bynopeia of the ahanctpn of the  aerb. fosa of Ireland, p. 118, P1. 
XVII I ,  fig. 18 

1861. Strophomeno rhornboidalis oar. anuloga, Davidson, AIonogr British Carb. Brachiopoda, p. 119. PI. 
XXVIII ,  figa. -1s. 

1863. b * o p b m e n a  araloga, Davidson, On the lower oarbonifem~~s bmhiopoda of Nova Saotia, Qw&. 
Journ. Geol. 900, London. Vol. XIX, p. 173, P1. IX, fig. 18, 

1867. Str. analog@, Verchhe, Kashmir, the Western Himalaya and tbe Afgrn Mtr. Jonm. Asiat. Soc. of 
Bengal, Vol. 35, PL 2, p. 212, PI. 11, fig. 4 

1892. St. ~homboida ln  war. u ~ l o g a ,  Etheridqr, Quart. Joorn. Geol. Soo., Vol. XXVII I ,  pp. 331 and 838, 
P1. XV, figs. 3 and P 6, PL XVI, f i ~ .  7, P1. XVIII ,  fig. 1. 

1816. St. deprsrra, Toula, Eine Kohlenkalk Fannn vcln den Bareuta Inslbn Sitzguber. Kais Aksd. d Wise. 
Wien, LXXI, Bd. math. nat. C!. I, Abth p. 28 Taf. 11, fig. 8. 

1876. Strophornma araloga, 11. de Koninok, Nouvelles Rechemhes snr les fowiles pal6o~oiquea de la Nonvclle 
Galles du Sad, p. N 8 , P L  IX. fig. 3, PI. XI, fig. 7. 

1872. St.  rhornboidalir oar. analogs. R. Etheridge jun. in Jeak and Etheridge, Geology and Paleeontology 
of Queenshd  and New Guinea, p. 295. Pl. XII ,  figs. 8,9, P1. LX, fig. 6. 

1896. St .  anologa, Jolien, Le terrain carbonifere marin de la France Centrsle p. 84, P1. 111, figs. 8, 9. 

Thisspeoies which by the majority of palt~ontologists has only been admitted as 
variety of the saurian Strophornma rhomboidalie, Wahlenberg, is represented 

among the fossils collected by Lydekker, in the anthracolithic roclts of Kashmir, by 
tolerably well preserved, though incomplete, ventral valve. Exactly/ a t  the place 

where we ought to expect the sudden geniculation in the convexity of the shell, 
the latter has been broken off in my specimen. 

The ventral valve is of a subtrapizoidal outline, considerably wider than long. %,a 

moderately curved in both directions, and provided with large, slightly depresst4 
auricular expansions, which join tlle lateral borders in  a very regular curve. Tlie 
hinge-line corresponds to the greatest width of the shell. The apical region strong- 
ly reminds one of a P r o d w t w ,  but exhibits tlle trace of the characteristic perfora- 
tion in the vicinity of the beak, peculiar to the genus Strophornem. 

The geniculated portion of the valve havin'g been broken off entirely, the sur- 
face of my specimen shows the reticulate ornamentation only, restricted to the 
posterior portion of complete forms. The longitudinal stria? are very numer- 
ous and someu hat irregular. Tlie concentric rrrinkles are more strongly marked. 

H 2 
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b o n g  them those wrinkles, whioh are situated in the vicinity of the apex, meet 
the cardinal border at right angles or are sven slightly converging towards the 
beak, whilst those, which are situated on the visceral portion of the valve follow 
tho marginal curves in their direction and are consequently turned outwardly to- 
wards the oardinal angles. 

My specimen is too incomplete to allow exact measurements to be given. 
Locality a~ad geological p8iticrra ; number of epecimms examined.-Shales wit], 

limestone partings.containing Prodmtue Abichi, C h e t e e  grandicoeta and Margi- 
&fera himalayensio, western summit of a ridge North-Eabt Prongam W l ,  gash- 
mir ; Coll. Lydekker ; 1. 

Renawks.--This speoies belongs to a series of forms, which ranging from ailu- 
rian into permo-carboniferous deposits, are changing so slightly in the& shape and 
sculpture that the majority of pahontologists are inclined to consider them as 
variations of a si~gle.  species only. L. de Koninok (Recherches sur lea fom. pal, 
de la Nouvelle Galles du Sud, p. ?lo), however, does not share in this view, but b e  
lieves the carboniferous St. apraloga to differ by a few though very subordinate eon- 
stant charaoters from its silurian and devonian allies, 

st .  amloga, in L. de Koninok's circumscription of this species, is a form of a 
tolerably large geographioal and geological distribution. It is known from the 
lower carboniferous deposits of western Europe and of Nova Bcotia, from the upper 
carboniferous rocks of Queensland and of New South-Wales, and from the permo- 
oarboniferous limestone of Barents' Island (North- West Nowaja demla). With fie 

which have been collected from the last mentioned locality by Hcefer 
and described by Toula, Lydekker's example from Kashmir resembles most olosely 
by {he comparatively strong convexity of its ventral valve. 

A very large form of a Strophmepra has been figured by Dr. VerchBre. 
But the author.does not state whether i t  was obtained from the Zewan beds cf 
Kashmir or from the Productus limestone of the Salt Range. 

Genus : DERBYIA, Waagen. 

DERBYIA CF. SENILIS, Phillips. P1. VI, figs. 6, 6. 
1866. Spirifer senilb,  Philiipn, Grology ol'Yorkehire, Vol. 11, PL IX, fig. 6. 
1861. Streptorhynchur crenirtria oar. renilw, Devideon, Monograph British carboniferons B~nobiopoda, p. 

134, PI. XXVII,  figs. 2, 3,4 PI. XXX, figs. 13, 14 (caeterw ezclvrir). 
18%. Streptorhynchua crenirtria. Davidson, Quart Journ. Qeol. h., London, Vol. XXII, p. 42, PI. 11, 

fig. 10. 
1880. Streptorynrhua cre*irt*ia oar. senilia ( P )  Boemer Ueber eine Kohlmkdk-fauna von der Westkneste 

von Sumatra, Palfeontogmphia~, 27 t'd.. p. 6. 
1880. Orthothetea crenwtria war. renilw, Etheridge jun., F d .  Royd PVB. 800. of Edinburgh, p.m2, 

PI. VII, figs. 12-16. 
1883. Orthothetea crenidria w r .  aenilir, Kajmr, Obemarbonieahe Fauns von Loping, Riehthofen's "Chine," 

IV, Bd., p. 178, P1. XXIII, figs. 1-7. 
l8QA Derbyia resilw, Waageo, salt h n g e  Faseils, Pal. Ind., ser. XIII, VoL I, Prod. Limeet. Foes, p. 693. 
189%. D e r b y L  senilia, Etheridge jun., Jack and Etheridge, Ueologj and Palmntolngy of Qlreemlend and 

New Guines, p. 246, P1 12, figs. 1- 4. 
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I t  is with great reserve only that I refer some of the numerous fragments from 
the ca,rboniferous rocks cf Kashmir which have been identified with Orthothetee cre- 
mistria by Daridson to the present species. As has been stated by Professor Waagen 
himself, a distinction of the different species which he introduced in his genus 
1)erbyia is extremely diffioult "ns the forms are very variable and seemed to be linked 
together by more or less numerous transitional shapes." A speoifio distinction there- 
fore bwomes impossible, if one has to do with fragmentary specimens. 

Among my materials of Derbyia, accepting Waagen's separation of this genus and 
Orthothete8, there is only one single, fairly complete dorsal valve. It is on account 

its strong similarity to the British and Ohinese types of Derbyics sepliZi8 that I 
refer a few fragments of ventral valves to the same genus, although no trace of 
the characters, which led Waagen to a generic distinction between Strept~rh~nchus, 
Derbyia and Orthothetee, has been preserved in any of my specimens, 

The dorsal valve, whioh alone, among all the rest of fragments provisionally 
referred to  this species, is fairly complete, appears to me to have a stronger affinity 
with Derbyia senilis, than with any of the species described from the Productua 
Limestone of the Salt Range by Waagen, or from the upper carboniferous limestone 
of the Krone by Schellwien. It agrees almost perfectly with the Brit i~h specimen 
figured by Davidson on Y1. XXVII, fig. 3 of his monograph. I t  is moderately . 
convex, but the regularity of the ourve is slightly deformed by pressure. No dis- 
tinct median furrow has been noticed. The hinge-line is considerably shorter than 
the greatest width of the shell. I n  this respsct the pre~ent specimen is also most 
closely allied to the British form from Bolland and to the Chinese types from 
Loping, described by Kayser, but distinctly differs from all the Salt Range spesies 
of the group of D. renilw. Etheridge's type speoimens of D. senilia from Queens- 
land are likewise provided with a short hinge-line and therefore agree best with 
the Himalayan and Chinese types. 

Towards both ends of the hinge-line the valve is somewhat flattened. Thus two 
small flattened e n g s  are formed on each side. The frontal line seems to be nearly 
straight, not depressed in the middle. 

The surface of this valve is ornamented with numerous radiating stria of un- 
equal strength. These strise, the edges of which appear looally orenelated by the 
intersection of colicentrio wrinkles, are somewhat irregular, often flexuous and 
dioho tomising. 

Tire measurements of this specimen are as follow :- 

Length of the dorsal valve . . . . . . . . . .  '11.6 mm. 
treadth ,, ts 1) . . . . . . . . . .  .a3 n 

Thickness,, . . , . . . . . .  . . 4  .. 
Length of the hinge-line . . . . . . . . . . .  14 ,, 

Whereas this specimen map be referred to Derbyh senil& with great pro- 
bability, although I am not convinced of its identity with the latter species, the 
appurtenance of several other fragments to the genus Derby& is much more 
doubtful. One of the more complete, whioh has been figured on P1. VI, fig. 6 of this 
memoir, exhibits the peculisr semiconic shape of the valve and the step-like 
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interruptions in the sculpture " produced by two or three very large and irregular 
conoentric undulations," which.are among the leading features of D. sepa&e. These 
are however the only claims my fragm.ent can put in for a comparison with the 
present species. 

Locality asd geologkal podion ; a d e r  of epcimetss esamhed.-Micaceous 
shales with SMYer Muaakheyle~t& and numerous Bryoeoa, Bamq ; Coll. Godain- 
Austen ; 4. 

Remarks.-The large list of synonyms given for Streptorhywhus crmistria 
by L. de Koninck cannot be accepted for the present species, if the latter is taken 
in the narrow circumscription, which has been proposed by Waagen. Following 
the interpretation of that learned author, none of the American or Spitzbergen 
form of the genus can be united with Derbyia a;epail&. 

The true D. eemilis has hitherto only been described from the mountain lime- 
stone of Western Europe and from the upper carboniferous deposits of China, 
Australia and (?) Sumatra. I ts  presence in the permian rocks of Timor is as yet 
very dbubtful. @ 

Sub-order : HELICO PEG M ATA, waae;en. 

Family : N UCLEOSPlRIDB,  Davidson. 

Sub-family : RETZI INB,  Waagen. 

Sub-genus : EUMETRIA, Hall. 

1. EUMETBIA CF. OBANDIOOBTA, Davidson. P1. VI, fig. 10. 

1862. Bsfzio mdidir var. g ~ n d i c c r t a ,  D ~ v i b n ,  Quart. Joum. Geol. SOC., London, Vol. XVIII, p. 28, PL I, 
fig. 6. 

1863. Retzia r ad i a lu ,  Phill., var,  grandicorta,  Davideon, in L. de Koninak, Memoire snr len fwiles paldo. 
zoiqnw, rece oillis duns l1Inde, p. 33, P1. IX, fig. 6. 

1867. R J e i a  radidia ma+. gmndicorta,  Vexchire, Kaslmir, the Wedern Himtflsya and the Afghan Mb. 
Jonrn. h i a t .  800, of Bengal, XXXVI, Pt. 2, No. 3, p. 211. 

1882. R. grandicosta, Kayser, Obercarbonieche Peuoa von. Loping, Richthofen's "China," IV Ed., p. 176. 
1884. Eumetr ia  grandicoata, Waagen, Salt Range Foss., Pal. Ind.. ser. XlI I ,  Vol. I. Productor Limest- 

Foss., p. 41, PI. XXXIV, figs. 6-12. 
1890. Betzia grandicorta, Nikitin, MBm. Ccmit6 G6ol. St. P6telsbourg, VoI. V, KO. 6, p 68, Trf. 111, figs. 

9-11. 
1892. Retzia  grandicorta, Rotbpletz. Die Perm-Trim und Juraformation auf Timor und Rotti, Palsec~n- 

tographim, 39 Bd., p. 83, Taf. X, fig. 11. 

Two incomplete forms of a small brachiopod with a punctate shell struc- 
ture and with radiating costee have been obtained from the carboniferous rocks 
near Eishmakam by R. Lydekker. I think there can be but little doubt that .the 
~pecies is a representative of the genus Retzia or of its subigenus Eumetria. I t  is 
not impossible that we are dealing here indeed with the widely distributed 
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Eumetria grmdicosta, but the state of preservation of my specimens does not war- 
rant a certain identification. 

The more complete one of my two forms is a little longer than large, and 
provided with moderately a ~ d  evenly oonvex valves. The beak of the ventral 
valve has unfortunately been broken off. Neither a sinus nor a median fold is 
developed in any of the two valves. Each valve bears about eight or ten prominent 
costae, which are distinctly rounded on ti~eir tops. Their exact number cannot be 
made out, because the lateral portions of the shell are partly covered by the tough, 
adhering matrix, which I have not been able to remove. 

I n  my second specimen consisting of a dorsal valve, nine ribs are counted. 
The median rib does not surpass the others in strength. 

The sbell is punotate. ' 

The measurements of the figured specimen are, approximately, as follow :- 
Length of the shell . . . . . . . . . . .  ooa. 7 mm. . .  1 valve. . . . . . .  8 .. 

. . .  . . . . . . . . . . . .  Breadth of the shell 6.6 
Thbkuels of the two  valve^ . . . . . . .  1'6 .. 

The reference of this shell to Eumetria gvandicosta is provisional only, although 
i t  seems to exhibit a stronger resemblance to this speaies than to the rest of 
congenerio forms. From E. ulotrix, de Koninck, or from E. kndica, Waagen, it 
differs by the greater number and by the less prominent character of its costa. I n  
Betzia radialis, Yhill., the number of ribs is, as a rule, larger, and in typical 
shapes at least a median sinus or corresponding fold is developed. With Bet& 
pseudocardium, Nikitin, a oloser comparison is scarcely necessary. From Betzici 
Mormonii, Marcou, (Geology of North America, P1. VI, fig. ll), it is distinguished 
by its less globose shell. 

A similar remark applies to Retzia compreeea, Meek (Palaeontology of California., 
Vol. I, p. 14, Yl. 11, fig. 7), which is, however, very olosely allied to my Kashmir 
specimens and specially agrees with them perfectly well in size and number of ribs. 
I t  is therefore not impossible that a larger number of better preserved types of the 
present species might prove the latter to be rather a variety of Retzia cornpeeso 
than of Eumetria grandicosta. 

Locality and geological position ; number of specimens eaamined.-Dark lime- 
stone, orowded with young individuals of indeterminable brachiopods, Eishmakam, 
Kashmir Valley ; ColL Lydekker ; 2, 

Bemarks.-In the Salt Range Eumetria grondicosta is equally distributed 
throughout the entire thickness of t l ~ e  Productus limestone, with the only exception 
of the Chidru beds. It has been, moreover, described from the Gshelian stage of the 
carboniferous system in Central Russia by Nikitin and from the permian rooks of 
Timor by Rothpletz. 

Retzia oompr.essa is quoted from the anthrmlithio rooks of California by Meek 
and from the upper carboniferous Fustrlina limestone of Loping in China by 
Kay aer. 



Family : ATHYRIDB,  Phillips. 

Sub-family : ATHYRINZ, Waagen, 

Genus : ATHYRIS, M'Coy. 

The family a t h y r i d a  is represented among the braohiopoda from the anthra- 
oolithio rocks of Kaslimir and Spiti by the genus Athyris only. 

The sub-genus Spirigere21a, Waagen, which is so largely represented in the Salt 
Range, is entirely absent from my fornil materials from the North-Western Hird-  
layas. I muat lay a special stress on this faot because Waagen himself supposed 
Davidson's and Verchbre's dthyris subtilita from Kashmir to be identical with 
Spirigerella Derbyi, an identihation in  which this learned author has however 
been mistaken. 

Among the representatives of the genus d t h y r i a  in the Geological Survey's Hi- 
malayan collection from Kashmir and Spitj the three following species can be distin. 
guished :- 

1. d t i y r i s  Gerard;, nov. sp. 
2. A. cf. e z p a n ~ a ,  Phillips. 
3. A. subiilila, Hall. 

The first is restrioted to the Kuling shales of Elpiti, the two others have been 
obtained from the upper carboniferous beds of Kashmir. 

Beside8 these three species Bthyriu cf. Boyssii, Lev., and A. Budhiairta have 
been quoted from the Zewtin beds of Kashmir by Dr. Verchbre. 

1. ATEYRI~  GERABDI, nov. sp. PI. VI, figs. 12, 13, 14. 

1897. Athy& Royrrii, Diener, sz parts, Him4lagan Fwila, Palmnblogia India, aer. XV, Vo]. 1, pt. 4. 
The fan- of the permian Produdus shalea of Johlr and Painkhbda, PI. V, 6g. 6 (- 7). 

In  my monograph of the brachiopoda obtained by Griesbach from the permian 
Productus shales of Johar and Painkbanda, I identified the present shell with 
Athyr&s Roysuii, Leveill6, the materials then at  my oommand not being suffioient to 
enable me to introdurn a new speciea. A number of better preserved forms 
having subsequently turned up from Dr. Gerard's collections from the Kuling 
shales of Spiti, I was able to assure myself that they differ from A. Roys&i by 
some constant features. The differexices, which might be established between 
them, are of a similar oharacter to those which induoed Count A. de Keyserling 
(~issenschaftliche Beobachtungen auf einer Reise in das Petsohoraland, St. Peters- 
burg, 1%6, p. 237) to separate 8. Royksiawz from A. Boy886i. 

As leading features of this species the following ought to be considered. The 
*hell attains a larger size than in any of the hitherto deecrihed forms af A t h y r ~ .  
  he ventral valve is almost perfectly flat and the d i f f e~nos  in the inflation of the 
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two valves is muoh more remarkable than in A. Boytwii or in A. Boy-. With 
.the latter species the present one agrees in the presence of an uncommonly large 
apiml angle, which in full-grown individuals attains about 160°, and in the small 
size of the beak, which barely overhangs the hinge-margin. A remarkable differ- 

* 

ence between the Bid layan  and the Russian species exists, however, in the shape 
of the mesial sinus. I n  A. Boymiam the sinus is rather strongly developed and 
shaped into a highly prominent tongue, which is bordered by parallel margins. I n  
A. Grerardi the sinus is but slightly impressed, in adolesoent types of 16 mm. in 
length barely if at all peroeptible, and in full grown individuals is always bor- 
dered by distinctly converging margins. 

The only two specimens, which I have been able to secure from the Produotua 
shales of Kiunglung near the Niti Pass, were in a rather imperfect state of preserve 
t ioa I consequently failed in making out their characters of distinotion with 
sufficient oertainty so as to feel justified in separating them from Athyrh Boys& (in 
a wider interpretation of this latter specim than has been admitted by L. de Kon- 
in&). The .speoimen, figured on PI. V, Pig. 7 of my above-quoted memoir, ought, 
however, to remain with 8. B0~88ii. Its sub-pentagonal outline, the small size of 
ib apical angle (100" only), and the presence of a well developed sinus are in favour 
of an identification with the latter speoies, I first thought this type to be linked 
to the true A. Gerardi by intermediate shapes, but this view I find no more tenable 
s i m  numerous young forms of A. Grerardi from the Kuling Shales of Spiti have 
mme to my knowledge, which, although approaching in their outline and in the 

of the apioal angle the specimen from Kiunglung are constantly differing 
from the latter by the greater flatness of their ventral valves and by the absenm of 
any distinotly marked ginus. I oonsequently deemed i t  preferable to leave this 
lpedmen with A t S &  Boyreii. 

 he specimen from the Productus p hales of the Chor Hoti, 5gu~ed by Salter in 
the ~al8eontology of Niti (p- 63, PI. V, fig. 13) ought, according to my humble opi- 
.ion, likewise to be identified with d. Boyreii rather than with the present spebies. 

 he measurements of a tolerably well preserved ventral valve are approxi- 
rnat;B-ly as follow :- 

Entire length of tbe shell . . . . . . . . , . 40 mm. 
,, brerdth,, ,a ,s s . . . . . 62 ,, 

Thiokness of the ventnrl . . . . . . . 5.6, 
Apical angle of , " ,, - ~ . .  1%" 

My largest specimen attaine an approximate length of 46 mm., companding to 
a width of 60 mm. 

Locality aold GreologMal p d b  ; rzumber of qecinrens examitbed.-8andstone 
in the Kuling shales N. W. of PO, Spiti ; Coll. Gerard ; 7. 

&murks.-A thyria Berardi must be added to the numerous elements peculiar 
to the fauna of the Productus shales, the large number of which imparts to  the 
latter its characteristic aspeot. The sandstone partings, in which this species occurs 
in the Kuling shales of Spiti, do not differ lithologically from the layers in which 
it has been found imbedded in PainkMnda, associated with Spirifer Mowakbykn- 
ds, Sp. Nitieneie and Productue gangeticus. 



1836. &'pirigera twpuwa, Phillip, Qeolog~ of Yorkahirs, VoL ?, p. S O ,  PL X, fie;: 18. 
1860. Atrypa szpawa, Sowerbg, Mineral Conchology, P1. DCXVIE; fig. 1. 
1840. A k y p  fhnbrioDo, Bowerby fnan Phillip), ibidem, fig. 4. 
1867. Ath- exparra, T+vi+n, Nonogpph Britiah w b ~  B*iopod+ p. 88, P. ?I,  figs. 14, 16-18. 

PI. XVII, figs. 1-4. 
1888. Athyria sxpawa, K r o h ,  PBm aomit.6 e l .  St. PBtembonz, Vol. VI? p 481. 

A single, rather poorly prwer\red spegimen my be pmvieiopallp @feq'f@ t9 
this spmies. It is very transversely elliptical, neaqy twice ga broad as long. T4p 
ventral valve, which alone is accessibln h obqervsticp, i s  vgry epaply oopveg, but 
sot strongly inflated. Nq tmee of a wesial sinpa haa been n o t i d .  Thp orpampn: 
tation a£ the shell ~ ~ s t s  of numerous, conpeptrip l i n e  of gro~t4,  which am occg- 
siqnay istersected by an indistinot Misting saulptute. 

The present qpepienen apRear4 by ite geued shapg and ~ g t l j a e  @ ly mpst 
olegly pllied to Athyr je e x p a w .  ?wm A. qubexppwa, Wsggp, it i q  diq-uished 
by the absence of any mesial siqys snd of fringed wed p~papsiqna 

Thg measuremepta of this specjmeq qm a~pr~$mately ge follow :r 

Entire length of the ventrd valve . . . . . . . a mm. 
,, breadth ,, ,, , , .  . . . . . . . 1 0 *  
,, thickness ,, n * * * *  ? * t 6 n  

Apical aygle of the ventral valve . . . . 1CO" 

Leeality and UeeEogioal position ; number of epeciwno exdned.-Duk, mica- 
moue shales N. of Khurnrnd, seaz Pampur ; Coll. Lydekker ; 1. 

Be~nark8.-Athyris expama, Phill., hae been quoted from the mopntaia lime: 
atone of England and Ireland by Davidson, and from the lower podian of tbg 
osrboniferous limestone ef Tseherdy n (Russia) by Krdow. 

3. ATHTBX~ ~ ~ ~ B T S & X T A ,  Hall. PI, VII, figs. 1-8. 

1842. 8pirifm B q r s i &  d'orbigny, V o w  dana l'Am6riqne YBridionJe, T. I I I , 4  Bme ptie, P.1oomto1opie, 
p. 76, PI. 111, figs 17-19. 

186% T m b r a t d a  nrbtilito, Hall, in Howard 8tanabnry'a Report of an explodon of the d l e y  of the Q m t  
8a1t Lake of Utah, Philadelphia, p. 409, PI. IV, figa 1,s. 

1865. Tershratula nrbtilita, Schiel, Pecifia Bailroad Report, Vol. 11, p. 108, PL I, 6g. 8. 
1866. T. rubtilit#, pall, ibidem, Vol. 111, p. 101, PI. 11, fig. 4. 
1S67. Tembratula e*btilita, Dlrvidtoo, Monograph Britieh Cub Bmhiopoda, p. 18, PI. I, fia. 4 5  29. 
1867. Atiryrir wbtiZita, Davideon, ibidem, p. 88, Pi. XVlI, figs. 8-1Q 
Lw Tew6rdslo rubtilik, Mareon, Geology df North Amen* p. 6% PI. W, fig. 9. 
1868 !l'arebtatala arbtilita, Hd, Repod on the Qeologjd Bumpy of Iowe. Vol. I, Pt. 8, P*t, p ?l$ 
1861. Athy* rubtilita, Salter, Quart. Jonm. GeoL 8pc. kndon! VoL XPq, p. 64, , - PL IV, fip 4 
1863. A. rubtilita, Davideon, ibidem, VoL XIX, p. 170, PL IX, figs. A 6. 
1886. A. rubfilita, Davidaoo, ibidem, Vd. XXII, p. 40, PI. 11, fig. 8. 
l866. d. mbtilita, Qeinitz, $arbonfarmation and Dyw in N e b ~ k a ,  p. (O, Td. w, 6gb. 7-0. 
1867. A. rsbtilitrr, VemhBre, Kasbmk, the Weetern HimIrkyb an+ the Afg* M,b7 J o m .  A$p.,&o. of 

Ben&, Calcutta, Vol. XXXVI, Pt. 11, No. 3, pp. 203,810, PI. 11, &p. 1 . 1 ~  
1869. Bpirigsra (Athy*M) subtiZito, To& Ueber einige Foedlien dm KoMeokaPm pen Bolivia, Bib- 

ber. Hain, Alrad. d. Wim. Wim, rnsth. n.t., CL LIT Bb, I. bbbb. p. 6, $g. & 



1872. Alhy& mWEtt& Idek, Tinal Bepdrt df the 17.. B. GeoL 0 nrv. of N e b r b h ,  Pt. 31, p. 190, m, I 
fig. 18; PI. V, fig. 9 ;  PI. VIf, fig. 4. 

1874. A. rubtilita, Derby (szpa*ls), on the carboniferoue bnrohiopoda of Iteitdb, Bull. Corneh Univereitp, 
Itbeca. Vol. I, No. 2, p. 7. 

,1876. A. aubtizita, Tdula Eine ~oktenkdkfaona ~ h % n  W e n t a  lnealn; .Bitznngsbrr. &is. A k d .  d 
Wise. Wien, hath. nat.Cl. Bd. LXXI, I. Abth. p. 20. 

1877. A. d t i l i t a .  Meek, in C1. Kiug'e Beport of the U. 8. Qeologioal Exploration of the 40th perallel, 
Vol. Iv, Pa~monfdo&, p. 83, PL MII, fig. 6. 

1877. Spirigm clubtilita, White, in WhBeler'e B e M t  ubon the U. 6. Qeo16giical Rdrv., Weet of the one 
hundredth Meridian, Vbl. IV, Palseontology, p, 141, P1. X, fig. 6. 

1884 8pirigera awbtilita, White, XITI, Annnd Beport of the Qeol. of Indiana, Pt. 11, p. 136, PI. XXXV, 
figs. 6-9. 

l B 7 .  dthyrie subtilha, L. ae Kdnidak, %one an osloaire'carbohif8te de la Belgique, 6 b e  'ptie, Ann6len 
dn Mode Royal d' hint. net. de Belgique, Brnxelles, T. XIV, p. 73, PI. XVIII, &I. 1-4, 7-10, 
12-28, P1. XIX, figs. 47-56. 

1897. A. aubtdita, ' ~ a r r i n  Smith, Marine Foeails from the coal-mesaures of Arkaneae, Proceed. h e r .  
Philw. Soc., VoL XXXV, No. 162, p. 31. 

This species, which is one of the most abundant and widespread carboniferous 
bmchiopoda, has been quoted from the Barus or Zewhn beds of Kashmir by Prof. 
Davidson in 1866 and by Verohhre in 1867. The correctness of this identification 
has been doubted by Waagen (Salt Range Foss., Pal. Indioa, ser. XI.11, Vol. IV, 
~ e o l o ~ i c a  Results, p. .165), who united the B i d l a f a n  species with Spirigerella 
Derbyi, Waag. This latter view 'has not, however, been confirmed by my subsequent 
eximination of a considerable number of types, collected by Qodwin-Austen, 
Verchhre and Lfdekkdr in the 'carbbnifmm'strata d ' t he  Kaahmir Valley. 'In hbne 
of these specimens is 'the beak of 'the vehtral valgb fimly appressed to the apex of 
the dorsal one, but always aistinctly e a b i t s  the haoderately large f6mmen tr~d&btih& 
'its extremity. I n  the Iist of syoonymn of Spirigerella Derbyi, given in tny memoir 
on the permian ~todhdtus shales of Johdr and Painkhhnrls (Pt. IV of the present 
volume!, these Kashmir shells have been qubted on the authority of Waaggn. This 
15ew 1 find, howevdr, 'no mdre tenable. 

My spebimens agtee almost perfectly with some of the best figures which have 
lieen'pubfished up to 'the 'prwnt  df the American types of Athyrle ezdbtilita -by 
'~einit'z and Mkek, and df the Entapehn ones bg L. de Koninck. 

The ovoid shell'is, hs a rule, longer 'than Wide, its gresitest width being dtuated 
b little in'advance df the diddle. @he veiitral valve is somewhldt taperihg a t  the 
'bkak, which is proinbent, 'dfstinotly inouded and always pierced by a rnodertrtely 
'large fortimeh. I n  the majority of my KasNmir specimens 'the two valves are almost 
equally oonvex, but not r gttod#y kdidted. As has <been noticed by L. de 
Koninck ia rjome Belgian tgpea 'bf At%yris sztlitititla, the inflation occasionally 
bedomes so strohg that thdy '&h 'barely bt bll be distinguiihed fmm A. globuLdris, 

b 

Phill. Among my Himtilayan specimens & siuiilar shape never occurs. None of 
them is decidehly giUbous, not eveh in ddd t  ake. A mesial sinus is nearly always 
'present, b ~ i t  indicated only by a law midan impmdon, which originates in the 
ijiicer'al rkgion of the shell hhd cotr6sponds to ran elbvated convex ourve in the 
front margin. A distinct tdnglie;dbped prdcdw, coriespdnding to this frontal wave, 
'so oon$$icu~hs in Sptrigd+eZla Dedyi, Waagdn, espe0~1lg in the vor. wutsplicata. 
is but tarely developed. 

I 2 
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On the dorsal side of the ventral valve, laterally from the beak, a narrow 
false area extends to the end of the hinge-line. It ia marked off from the remainder 
of the shell by indistinct ridges. 

The dorsal valve is not quite equally curved in the transverse direction but 
is of a somewhat roof-shaped appearance, sloping from a broadly rounded median 
crest in moderately convex planes towards the lateral margins. The beak ie 
strongly incurved under that of the opposite valve. 

The surface is nearly smooth or covered with irregular, mncentrio Btrb of 
growth only. I n  the majority of my specimens, however, the shell substanoe ha8 
been too strongly injured by weathering to allow anything of the minor detaila 
of its ornamentation being notioed. 

The measurements of a fairly complete specimen (fig. 1) are as follow :- 
Entire length of the ahell . . . . . . . .  e6'6 mm. . . . . . . . . .  Length of the doml  valve 28.6 ,, . . . . . . . . .  Entire breadth of the tibell 514 ,, . . . . . . . . . .  Thickoeae of both wlvee 15 ,. 
Apioal angle of the ventral valve . . .  81" . . . . . . .  ,, s9 ,, dad ,, - 9 6 '  

Of the internal struoture nothing is to be made ant in any of my speoimena. 
Locality and Greological position ; number of epecimerur examined.--Coam, 

grey limestone, north of Khummfiu, near Pampur, Kashmir Valley ; Cell. Lydekker, 
9 ; Coll, Godwin-AusBn, 5 ; Zawoor, Kashmir Valley, Zew&n beds, Verohbre. 

Remarks -8lhyri8 eubtilita is a very common and widespread speoies, 
ranging throughout the entire carboniferous system into permo-carboniferous and 
perhaps even into dill higher permian deposits. I t  has been quoted from the 
United Statea of North Amerioa, from Nova Scotb, Bolivia, Brazil, Wdern 
Europe and Barents Island by various authors. 
. Meek advocatee the identity of Athyris subtilita, Hall, with a shell from 

the upper coal-measures of Illinois, which had been described as Tewbratrrk argenteo 
by Shepard in 1838. m e  figure given by that author in the American Journal of 
Science (Vol. XXXIV, fig. 8) does not however agree with adult fonns of 
A. subtilita. Shepard's original type not having been found up to present, ita claim 
of priority to the name of that species are as yet very unoertain, Meek's question, 
whether the present shell ought not to be called A. Peruaiana, because A. d8Orbigny 
figured it in 1887 under the name of l'erebratrrla Peruaiana, must also be 
answered in the negative. The name Terebratula Peruviana has been given . 

erroneously in the Plate of dSOrbigny's monograph, whilst in the text it is applied 
to a very different species from devonian rocks (Voyage dans lgAm6rique MBridio- 
nale, T. 111, PalBont. p. 36, PI. 11, figs. 22-25). e 

Spirigera potea  var. subtilita, Abich (Geologische Forusehungen in dm 
Kaukasischen Laendern, I, Th. Eine Bergkalkfauna aus der Araxesenge bei Djulfa, 
p. 59, Taf. VIII, figs. 10, 11) has nothing to do with the true Athyrie rrubtilito, 
gs has been remarked by Val. von Moeller and by Rothpletz. 

A species which is probably very closely allied to the preeent one has been 
de soribed and figured as Athyria Buddhtta by Dr. Verohhre (1. o. p. 210, P1.11, 
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figs. 2, 2a, 2b). This species, which has been collected in the Zewhn beds of 
Kaahmir, seems to differ from A. subtitila by its strongly attenuated apical region 
and by the presence of a sharp median fold in the dorsal valve. No specimen 
resembling Dr. VerchBre's illustration has come to my notioe. Provided thia 
illustration be correot, Athyrie Buddhists should be considered as an independent 
species. 

Family : BPIRIPERIDB, d'orbigny. 

Subfamily : SUESSI INB, Waagen. 

Genus : SPIRIPE&INA, d'orbigny. 

1. SPIBIPEBINA CF. KENTUCKENBIB, Shumard. P1. V, figs. 11, 12. 
186%. B~Bpirifev oetoplieatw, Hall, in Rowad Bhsburp's Report on the Explorrtion of the Vdley of tb 

Grelrt Salt Imke in Utah, p. 409, PI. XI, fig. 4. 
1666. Bpirifsr Emtuckewk, Shnmard, Oeologid Survey of Mi~orui ,  p. 208. 
18156. Bpk$& Kentuckenair, Hall, PadBc Report, Vol. 111, p. 103, PL 11, age. 10, 11. 
1886. Spirifer Zaminarur, Qenitz (nea M'Coy), Carbonfornmtion nnd D p  in Xebneka, p. &, T& 11, 

fig. 19. 
1867. 8pirifa octoplicata oar. trarrrwrra, Verobbre, Kmhmir, the Weetern Himabya and the ughsn 

Mb., Journ. Asist. 80c. of Bangal, Calcutta, Vol. XXXVI, PI. 5 p 210, PI. I, figa. 2, %, 25. 
187%. Bpiviyerina Keatuckenrw, Meek, Paleeontolo~y of Elutem Nebnwb in Find Bep. upan the U.S. 

Qeol. Burv. of Nebmka, p. 186, P1. VI, fig. 3, PL VIII, fig. 11. 
1877. 8p. Xentucksnn'r, Wbita, in Wheeler's Beport upon U. 8. Qealogiod Swveyr W. of the one bun. 

dredth Meridian, Vol. IV. Paleeontology, p. 138, P1. X, fig. 4, 

Numerous casts and external impressions of dorsal valves of a strongly trans- 
verse Spiriferina have been oolleoted in the Zewfin beds of Kashmir both by Oapt. 
Godwin-Austen and by Dr. Verchbre. Curiously enough, dorsal valves only am 
represented among the materials available to me for examination. Some of them 
which are tolerably well preserved, though none is complete, closely resemble 
Spirif&ina Kentuokeneie from the North American coal-measures. I consequently 
thought i t  advisable to refer them provisionally to that speciee, although I do not 
venture on a direot identifiation, having regard to  the absence of any ventral 
valve8 among my materials. 

Among four better preserved dorsal valves two are quite as large as the speci- 
men from the coal-measures of Nebraska, figured by Meek on P1. VI, fig. 3 of his 
above-quoted memoir. They are very strongly transverse, of a sub-fusiform shape, 
terminating in slender attenuated earrs. The hinge-line corresponds to the greatest 
width of the shell. On each side of the mesial fold from three to five simple pro- 
minent ribs are distributed. All the ribs are slightly rounded on their crests and 
separated from each other by deep V shaped valleys, which are sharply rounded at 
the bottom. The first plications on each side of the mesial fold are but slightly 
inferior in size to the latter. 

The surfaoe is ornamented with very numerous prominent and closely- 
orowded lines of growth. This concentric soulpture is so strong ae to hide almoot 
completely the granulated structure of the shell eubstsnoe. 



'df t h  v h t r d  +&de the hpression bf the beak and area only are preserved 
m'ode of m) qhimens  (PI. V, fig. 12). Tn ' th1 specimen the gteatest width of the 
dorssl-trslve is f B mh., corieeponclihg to a length of 11 mm., and to b M g t h  of the 
d t i h  ishell bf 13 mm. 

zocalit ind CleotogicaZ position ; humber of 8pecimens examined.-Zewhn beds, 
Kashmir Valley ; shales and micaceous limestones with numerous Bryozoa, Spirifer 
Xuaakkyleneie, Derbyia cf. eenilie, etc.; Coll. Godwin-Austen, 4 ; Coll. VerchAre, 2. 

.Remarks.-~mong all'the hitherto described species of Spirverina: there is 
only the present one to which my specimens from Kashmir may be advantageously 
compared. The sub-fusiform shape and the strong concentric ornamentation clearly 
distinguish them from Spirverina cristata, Schloth., and Sp. octoplicata, Sow. They 
likewise differ by their sub-fusiform shape and long hinge-line from Sp. ineculpta, 
Phill., and Sp. ornostas Waag., with which they have the distiuct concent-ric orna- 
mentation in common. The only European speoies, which my Kashmir forms 
resemble more closely, is Sp. peroouta, de Koninck (Faune du ealcaire earboni.€&re 
de la Belgique, Annales du Mns6e Royal d' hiet nat., T. XIV, 6 t h e  ptia, p. 101, 
PI. XXII, figs. 66-$1) frdm the 'mountain-limestone of Belgium and Ireland. A 
remarkable difference consists, however, in the larger size of the dorsal median fold 
in Sp. pemcuta whioh, according to L. de Koninck's description, is twice as l q e  
p, the neigfiljohr@ lateral rib&, whereas it scarcely surpasses them in size in my 
Hid layan  ;hell. 

Xpir$e&sacx losthlnosa, M'Coy, which haa been erroneously identified with Sp. 
Kmtwken~e, by Qeinitz, is easily distinguished from the latter by its much larger 
size and the broad area'of the ventral valve. 

The shdls described and figared as Spirvehnu octoplicata Tar. tranroersa 
by BerchBrb, will 'probably fall within this species. I am led to this conclusion, 
fhich'might scarcely be drawn fmm Vmchbre's exceedingly bad figures, by the 
e x W t i b n  of two ~peoimeda collected by that author in the Zewkn beds of the 
Hkhiitir Yahy.  

As one of 'the chief characteristics of 8pvpirlferina Kentuckens* l i e  in the shape 
of 'the S ~ E S  of the ~e l i t ra l  valve, the 'reference of my specime~w, which me dorsal 
valves only, to this American species, must yet remain provisional. 

6 
S&iriferipla keht~ckebsh is a'common species in the omboniferous and permo- 

crlrboniferous stiata of Kentucky, Illinois, Missouri, Iowa, Nebraska, h m m ,  Utah, 
New-Mexico, &horn  and Texas, but does not descend into beds of sub-carboniferou~ 

Sub-family : DELTHY RINAE, Waagen. 

The genub.Spi@r is rather richly regresented in the anthrsmlitdic system 
of K a s b  and Spiti. Not leas than .tsn species are counted among the m a t e d  

examined by Prof. Dav idson and myself, although one-half of this number only are 
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sufficiently oornpleta to allow of z+ satisfacto~y disgqosis of qe i r ,  apepi@ . pk8r&Otera " -  
being given. . ' 

These gpeoies may be grouped mask conveniently #e following manner :- 
, - .  - 

I. GROUP OP SPIRIFBB FABGIQEB, Ke~yserl. 
1 .  ~ G r i f e r  Ma aakfieybnaia, ~ a v i d s o i  

' 

%. Sp. ap. id., af. Msa~krkqlenais. 
' 

S. Sp. hitiensis, Diener. 

111. GROUP OF Q P I ~ I F I ~ ~  ~mpu18, @oweqby. 
6. Qitifer Vi4iarw, Davidson. 

. .  L, _ I  I . 

IV. GROUP OP SPIBIFIB RAJAH, Salter. 
6. Spirifer Rrrjoi, Salter.  
7 .  Sp. up. ind., of. Rujah. 

V. GBOOP OP SPIBIPBB CLABKHI, de Eon. 
8. 8piqfer  Qdekkeri ,  no,. bp. 
91 89. ip. i d .  GZ.  of. Lydekdari. 

Of dl these species eight are entirely restricted to the anthracolithic rocks of 
the l3irdhyas. Among them Spirver Jydekket i  and its alliee are of a speoial 
interest, on account of their relationship to the Australian Sp. C'karkei, whilst Spirifer 
Rajah exhibits a close affinity to Arctic types from Spitzbergen Two species only 
occur also in the carbonif emus system of E m p e  ; these are Sp. Mwukheylensis and 
Sp. brkngtslarie, while a, third one, S' .  vikknw, is very closely allied to the 
Europan Sp. phguh. 

1. SPIRIFEB MU~AXHBYLENSIS, Davidson, I )  PI. V, figs. 3-7. 
1862. 8pirifw ~oorakhaylansia, Davidaon, Quart. Jonr. Geol. b., London, Vol. XVIII, p. 28, PL 11, fig. 2. 

To the list of qmonyms, given ?art IV of the present 'volume, , , 'the following 
0ughttspeaapea:- 

1861. 8 p .  YoosoEhsyZ-8, Verah&m Journ. Asiat. Sop. of $engal, Vol. SBgpI ,  6. 3, p 210, PI. 111, 
figs. 1, lo .  v 

1890. &. dirrakhlmrit w*. aurtralir, Foord, Notes on the Phnto logy  of Western Anstdie, (3001. 
'' 

b¶a&ine, mew mr, Deasde III. VOI. VII, p. 14'1, PI. VII, fig. 8. . ' 

'$'@ speuies v q  po?nmq, both in the Zew6.n beds of Kashmir 8ed in . the 
Kulipg ?halt& qf Elpiti, but qo complete sie~imen bas been noticed amdng the 
m a t p e  available to me f ~ r  expnimtion, ventral and dok4  valvp I I b'eing I , ,  nenrli . . . - 

always met with sepptely. 



To the detailed description of the specimens from the Productus shales of 
Jahsr and Painkhhnda I have but little to add. 

I n  spite of the great variability of the shapes there is not a single one among 
my specimens from the anthracolithic rocks of Kashmir and Bpiti which agree with 
either S p i ~ f e r  fasciger, Keyserling,or with Sp. tegulatue, Trauhhold. The folds, co r  
reeponding to the fascicnli of ribs, are invariably rounded but never provided with 
a t e  edges, as in Gruenewaldt's and Twherny schew's t ype-specimens of Sp. foeciger. 
The lamelloee character of the st* of growth is distinctly developed in the majority 
of my forms, but  the peculiar sculpture of Sp. ttgtllatue, reminding one of a tiled 
roof, has not been noticed in any of my Indian representatives of this group. flome 
of my specimens from the Kuling shales of Spiti agree perfectly well with the type 
from the Productus shales of Kuling, figured on PI. V, fig. 1 of Pt. IV of the pre- 
sent volume by the unusually flat convexity of their folds. 

The specimens from the Kuling shales of Spiti attain very considerable dimen- 
sions, the largest specimen collected by Dr. Gerard measuring about 60 mm. in 
length and 130 mm. in breadth. 

Of the internal characters of the ventral valve of this species some information 
has been gathered by an examination of the casts figured on P1. V, Pigs. 6 and 7 of 
the preeent memoir. I n  the apical region the shell-substance is so extremely 
thickened that the dental plates and the outer walls of the valve are united into 
one solid shelly mass, on which the entire area rests. The muwular impreesions & 
distinctly marked. On each side of them the intarnal surface of the shell is covered 
with numerous irregular groovas, which on the cast are exhibited as rounded granu- 
lations. The ornamentation of the cast is very simple, consisting of a few broad 
and flat wavy folds only, while the ribbing of the extcmd shell-surlace is completely 
absent. 

Localtty and Greologicalpoaitwn ; #umber of specimen8 ex5mined.-Zew8n beds, 
Kashmir Valley, Coll. Godwin-Austen, 6, Coll. Lydekker, 1; Kuling Shalee, Spiti 
Valley, Coll. Q-erad, 3, Coll. Stoliczka ; Khar, Coll. Griesbach, 1. 

Remarks.-The specimen from the carboniferous rocks of W e t  Australia, 
described and figured as Spirif er  M uso khey lerreis ear. Auetralia, by l'oord, does om- 
tainly belong to the present speciee. Poord, stating the close resemblance of the 
Australian fossil to Davidson's types, notea the only difference between them 
to be that " the ornaments of the Australian s p i e s  are perhaps a little coarser 
than those of the Indian one, i.e., the former has slightly k g e r  and consequently 
fewer small ribs (comparing together individuals of the same size) than the latter and 
the imbricating lamrllae exhibit the same divergence of character. It seems howev* 
scarcely necessary to regard these slight differences as of more than varietal import- 
ance, especially if one takes into account the variations in any l a r e  assemblage of 
brachiopods, as Davidaon himself has so often demonstrated in his plates". 

That the Australian variety is included among the variations of the Mpn 
Sp. Musakheyleneie, is clearly evident from an examination of the specimen f- 
the Productus shales of Kiunglung, figured on P1. IV, Fig. 1, of my monograph of 
the fauna of the Productus shales (Pt. I V  of the present volume). 
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This' speoimen exaotly agrew with the Australian type of o@ species by its ooame 
ribs and 1amellse.l 

2. ~ P I E I F E R  CF. NITIENRIS, Diener. PI. V, fig. 9. 
1897. S p i q w  Ritwnris, Diener, The Petmian fauna uf the Produotus Shales of Joh& and PainkhLnb, 

Pd. Indim, ser. XV, Him6lajan Foseils, Vol. I, Pt. 4 P1. IV, figs. 4 5. 

The fragment of a ventral valve from the Kuling shales of Spiti agrees so pep 
fmtly well in its outline and ornamentation with this remarkable species that I 
do not hesitate to refer it to the latter, although its fragmentary condition may for- 
bid a, direct identification. 

This fossil is almost of exactly the same size as my type specimen from 
Kiunglung (PI. IV, fig. 5) ,  though perhaps even a little more strongly transverse. 
It is moderately curved in the longitudinal, but quite flat in the transverse direc- 
tion. Ita tolerably broad, reclining, parallel-sided and vertically-striated area is 
overlooked by the little pointed beak. The ornamentation consists of numerous 
ribs of unequal strength, arranged into fasciculi, each of which is oomposed of s 
small number of ribs only. On the wings the fascicular arrangement of the ribs 
becomes gradually indistinct. All the ribs are flatly rounded at their crests. 

Locality arad Greologica~ position ; number of specimens exa.ntilred.-Sandstone 
partings in the Kuling shales, with Bthyrh Gerardi, Po, Spiti Valley ; Coll. Gerard ; 
1. 

Remarks.-Spimycr Nit iefieis ie a very characteristic species of the perm ian 
Productus shales of Gurhwd. I know of no other species of the genus Spirifer 
to which the preaent fragment oould be referred, its peculiar ornamentation com- 
bined with the strongly fusiform shape distinguishing it from all the rest of con- 
generic forms. 

3. ~PIEIFER SP. IND. AFP. MUBAKHEYLENSIS. PI. V, fig, 10. 
This interesting species, which in the Oeologica;l Survey's HimBlayan deo t ion  

from Kashmir is represented unfortu~mbly by a single ventral valve only, seems to 
hold an intermediate position between S p i g e r  Mreakheyleneis, Davidson, and Sp. 
Johrensis, Diener (Part IV of this volume, P1. IV, Fig. 3) from the permian Pro- 
duotus shales of JoMr, but is more closely allied to the former. 

It chiefly diff era from L)avidsonss species by its stronger folds which are .highly 
prominent and oomposed of a small number of secondary ribs only. There are not 
more than three ribs present in eaoh of the fasciouli in the vicinity of the sinus. 
Among them the median primary rib is a little stronger than the rest. The sinus 
not having been preserved in my fragment, I have not been able to state the pre- 

P. &-After bavin sent this ppsr to CIlonttn for the press I had en opportunity of atndyin the benntiful aol- 
l d 0 1 1 3  of the (lornit4 g6&ique de 1. I(uaie at 8t. Petenburgh h t .  Teohemyoher, to whom f ~IU indebted for 
mnn valuable information regerding the avboniferous faante of the Ural Mtr, was kind enough to show me a large 
nnxnkr of spaimene of SpiWw f i n j m ,  Keynod. By their examination I have been ronvinrrd of the ineuffioinoy 
sf the oharaotere on rhioh I thought n speoifio dintinotion of Sp. iKtuakheyZunsis and Sp. faacip~ might be bssed ; 
oowquently I no longer objeot to Prof. Twhemyaohew's view ar to the identity of the two qeoiea For the Mr. 
trfdatcr, hutrchrld, a varietal ra& ought, however, to be retained. 

P. 
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senw of a mesial fold, as i t  is developed in Sp. Johrensio. The radial ornamenta- 
tion is crossed by raised stria of growth as in Sp. Bozsakheylensis. 

The present specimen is too fragmentary to allow of any exact measurements 
being taken. 

Locality and Qeological position ; number o j  epecimens examined.-Dark, shaly, 
micaceous limestones with Spirtfer Hueakheylensis, Productue cf. undatus and 
numerous Bryozoa, Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 

Remarks.-A species, which the present specimen most closely resembles, 
has been figured and described by Toula (Permo-Carbon-Fossilien von der West- 
kuestevon Spitzbergen, Neues Jahrb. f. Mineralogie, 1876, p. 240, Taf. VII, Fig. 3) 
as a variety of Sp, cameratus, Morton. The Spitzbergen specimen from Axel Island 
for the loan of which I am indebted to Dr. Fuchs, Director of the Imperial 
Museum of Natural History in Vienna, is likewise distinguished from Sp. cameratue 
and from Sp. Musakh~yle~isis by its strong folds, composed of a small number of 
secondary ribs only, as has been correctly remarked by Toula. Nevertheless I 
do not think that the Himilayan and Spitzberpn forms should be united in 
the same species, since the ribs composing the fasciculi are equally s t r o q  in 
the latter but different in size among one another in the former specimen. 

The fragment, figured as Spirifer sp. ind. by Gruenewaldt (Beitraege zur 
Kenntniss der sedimentaeren Gebirgsformationen etc. MBm. Acad. imp&. dm sciences 
de St. Y6tersbourg, VII, ser. T. 11,1860, p. 99, Pl. V, fig. 41) might perhaps fall 
within the relationship of this species or of Spirifer Joharenek. 

11. GBOUP OF SPIRIFER TRIGONALIS, Mart. 

4. SPEIPEB CP. TBIANGULARIS, Martin. P1. V, fig. 6. 

1809. Conehiliolitheo dnomites triangularir, Martin, Petrif. Derb., p. 10, PI. XXXVI, fig. 2. 
1827. Spir@r triangularia, Sowerby, Miner. Conoh. Great Brit., Vol. VI, p. 120, PL 682, figs. 5.6. 
1836. Spinyer tviangularir, Phillip, Geology of Yorkshire, Vol. 11, p. 217, PL IX, fig. 1% 
1&10. Sp. triangularis, L v. Buah, MBm. Soo. GBol. de France, T. IV, p. 182, P1. VIII,  fig. 5. 
1843. Sp. triangularis, L. de Koninck, D h r .  dm enimanx foes. du ternin oerbonif. de Beigiqne, 

p. 3-34. P1. XV, fig. 1. 
184& Spirifera otiorhyacha, M'Coy, Bynopeir of the chareoters of the eerbon. limeetom f m r  of Ireh4 

p. 133, pi. XXI,  fig. a. 
184. Sp. triangularia, Semenow, Zeibchr. Dent..de Cfeol. Qea. Bd. VI, p 330. 
1864. Spirifsra oliorhyncha, M'Coy, Deaor. of Britiah Palreomic, Foss. in the Cambridge Mueeam, p. 418, 

P1. 111, fig. 27. 
1867. 6p. triangcgrlaria, Davidson, Monogr. Britiah Carb. Bmhiopoda, pp. 21 and 233, PL V, fip. 16-24, 

P1. L, fige. 10-17. 
1887. Sp. triangdarb, L. de Koninck, Fenne dn Calc. oarbonifhre de Is Belgiqne, Annales du Mnde bJd, 

d'hist. nat. de Belgiqne, T. XIV, 6 Bme ptie., p. 124, Pl. XXIX, figa 7-16. 
1888. 6 p .  triangdarir, Krotow, MBm. Corn. CfBol. de la Bunsie. St. PBtembonrg, Vol. VI, p. 418. 

The existence of this as a HMlayan  speoies depends upon a fragmentary 
dorsal valve, ccllected by Lydekker in a quartzitic sandstone near Eishmakam 
(Kashmir Valley). In shape i t  is very like some of the types figured by Davidson 
and L. de Koninck, but slightly surpasses them in size. It is about twioe as broad 
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as long, although exact m e ~ r e m e t l t s  cannot be given, both the wings and the 
frontal portion of the mesial f d d  having been broken off. The most prominent 
character in the present valve is its strongly elevated, sharp, mesial fold, whioh 
" assumes the shape of a single, produoed and acutely angular, cuneiform ridge or 
rib." Along the lateral slope of this central ridge two very low secondary folds are 
distinotly indicated, such as have been figured by L. de Koninck in his type 
specimen from Vise (PI. 29, fig. ?), or in Martin's original form, reproduced on 
P1. V, Fig. 16 of Davidson's monograph. 

On either side of the mesial fold from six to seven single, obtusely rounded 
ribs ornament the lateral portions of the valve. They gradually diminish in 
strength towards the wings. Those situated near the extremities of the latter are 
but very faintly marked. 

My specimen having been partly injured by weathering, the delicate 
ooncentric ornamentation, whioh is peculiar to well preserved forms of Sparifer 
triangularis is but indistinctly marked. Nevertheless in a few spots it is sufficiently 
well indicated to allow its presence to be stated with full certainty. 

Locality and Geological position ; aolmber of specimens examined.-Quartzitio 
sandstone of a rusty brown colour, near Elshmakm, Kashmir Valley ; Coll. Lydek- 
ker; 1. 

Remarks,-The present speoimen, although very incomplete, so closely agrees 
with Spirifer triarrgu2aris in its general shape and sculpture, especially in the pre- 
sence of a prominent, ouneiform, mesial ridge, that I cannot refer it to any other 
species of the group of Sp. triqoaalk. It will at any rate tend to show the existence 
of this remarkable group in the anthracolithic rocks of the Kashmir Valley. 

Spirifer triangularis has been quoted from the mountain-limestone of Great 
Britain, Ireland, Beligum and Silesia by various authors, and from the upper car- 
boniferous strata of Central Russia by V. von Moeller and by Krotow. 

111. GROUP OF SPIRIFER PINGUIS, Sowerby. 

5. SPIBIPEB VIHIANUS, Davidson. 
1866. Spirifera Vihiana, Davihn.'Quert. Jonm. Qeol. Soc., London, Vol. XXII, p. 41, P1. 11, fig. 4. 
1891. Sp. Vihiana, Wargen, 8alt Range FosaiL, Pal. Ind., ser. XIII, Vol. IV, Geological Results, p. 166. 

This beautiful species is, unfortunately, not represented in the Himtilayan col- 
lection entrusted to me for examination, but the figure and description given by 
Prof. Davidson are so excellent that from them a very good idea of its character 
can be formed. 

Davidson himself oompmd his new speoies to Spirifer pinguis, Sow., from which 
he found it to differ by its constant, well marked, m d t m  rib in the sinus of the vent- 
ral valve. The resemblanoe of Sp. F'ihianus to this common British form is indeed 
a very close one, especially to such shapes of Spirifer pinguis as aze oharacterised 
by the presence of a strongly marked, longi~dinal groove in the mesial fold of 
the dorsal valve. 

K 2 
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I n  the face of such features, Waagen's opinion " that Spirifer Pihianue appar- 
ently belongs to the same group of forms as Spirifer dclodecimcocrtatur, M'Coy, and 
app- to differ from that form solely by its greater number of ribs," has hardly 
ever been admissible. It is certainly no more tenable, since MJCoy's Australian 
species has been proved to belong to the genus Spirferina by Etheridge, jun. 
(Qeology and Palseontology of Queensland and New Guinea, London, 1892, p. 234). 

A speoiee, which needs a closer comparison to Sp. Flhianur, has been described 
and figured as Sp. Parryanucr by Toula (Permo-carbon-Foesilien von der Westkueste 
von Spitzbergen, Neues, Jahrb. f. Miner. 1875, p. 256, Taf. VII, fig. 8) from Hinlopen 
Straits in Spitzbergen. The name of this Spitzbergen shell must, however, be 
changed, since the priority of the denomination of Sp. Parryantte is claimed by a 

. species from the devonian rooks of Iowa, desoribed in 1868 by J. Hall (Report on 
Geological Burvey of Iowa, Vol. I, Pt. 2, Palaeontology, p. 509, Pt. IV, fig. 8). 
This species, for which I venture to propose the name of Sp. Loveni, see& to hold 
an intermediate position between Sp. Fihiasa~8 and the group of Sp. Rajah, Salter. 
With the former it agrees in the presence of a deep longitudinal groove in the mesial 
fold of the dorsal valve, with the latter in the tendency to develop secondary ribs, 
originating from the massive primary cost=. But in Sp. Lmeni this tendency 
aifects the two ribs bordering the mesial sinus and fold only, whereas in the two 
following costa it is restricted to the immediate vicinity of the front W n .  
Whether the dorsal valve, marked erroneously as Fig. 7 instsad of 8d on P1. VII of 
Toula's memoir, actually belongs to the same species as the three ventral valv- 
which by the kindness of Director Fuchs I have been able to examine, is yet doubt. 
fill, though highly probable. The reconstruction of the wings (not prese~ved) by the 
draughtsman is entirely misleading. 

m e  specimens described by Davidson were obtained from the anthradthic  
rooks of B m  in the Kashmir Valley. 

. . IV. GROUP OF SPIRIPER RAJAH, Salter. 

6. SPIRIFER RAJAH, Salter, P1, IV., Figs. 1-7,l'l. V., Fig. 1. 
1865. Spirifer Rajah, Salter, Pahontology of Niti, etc., pp. 69 and 111. 
1865. Sp, Keilhanii, Stoliocka, Qeologiad Seotions across the Himalaya Mts. from Wangtu bridge on the 

river Sutlej to Bungdo on the Indns, eto., Hem. Geol. Surv. of India, Val. V, Pt. I, p. 27. 
1866. Sp. .ti!ajah, Davideon. Q w t .  Joum. Geol. Soa., London, Vol. XXII, p. 40, P1. 11, fig. 3. 
1867. Sp. PercAerei, de Verneuil, in Verohbre : Kashmir, the Western Hidleya and the Afghan Mb., Jonm. 

Aeiatio 800. of Bengal, Caloutta, VoL 36, p. 206, PI. I, fige. 1, la .  
1867. Sp. Rajah, Vemhbre, ibidem, y. 210. 

This elegant species, one of the most remarkable among the bracbiopoda of the 
anthracolithic system in the HimAlayas, is very variable in shape, dimension$ and 
relative proportions. The shell ia, as a rule, longitudinally oval, or square-shaped 
sometimes sub-circular, as wide as long, very rarely even broader than long. The 
hinge-line is always shorter than the greatest width of the shell. The cardinal 
angles, whioh are but exoeptionally preserved, are acutely rounded. 
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The ventral valve is considerably deeper than the opposite onq and strongly 
vaulted in the either direotion. The beak is strongly incurved and pmminent, 
in f ~ l l - ~ m w n  specimens (Pl. IV, Fig. 6) approaching very nearly the apex of the 
dorsal valve. The area is moderately broad, distinct, concave and divided in the 
middle by a proportionately large, triangular fissure of equal height and width. I t  
exhibits in well-preserved specimens an indistinct horizontal striation. A deep 
mesial sinus extends from the extremity of the beak to the front. It is in general 
broadly rounded, but in a very small number of specimens, however, acutely so, at 
its bottom, and is invariably ornamented by a narrow, median, thread.like rib. 

The soulpture is rather variable. The surface of this valve is ornamented with 
from twelve to twenty broadly rounded ribs, which become gradually indistinot in 
the vicinity of the cardinal angles, whilst those bordering the mesial sinus are the 
largest and most prominent. Each of these flat broadly-vaulted primary ribs is 
ornamented by a variable number of lower, secondary costa. In  some forms, 
as in Davidson's type apecimen or in the types figured on P1. IV, Figs. 1 and 7 of 
tbis memoir, these secondary costae are of equal strength and equidistant throughout 
their entire length. I n  the majority of my specimens, however, one or two of the 
secondary costae are again sub-divided into smaller ones of irregular strength and 
distance. The speoimen figured on P1. IV, Fig. 4, is a instanoe of tbis shape. 
The manifold transitions between these two extreme shapes prove their specifio 
identity; an opinion, whioh I haw founded on the minute examination of more 
than fifty individuala. 

'If the shelly substance haa been partly injured by weathering, the secondary 
costae gradually disappear, the flat primasy ribs remaining solely. On suoh 
weathered specimens Spirifelr Percherei has been founded, which must oonse- 
quently be erased from the number of independent species. Among the forms 
collected by Dr. Verohbre and contained in the Qeologioal Survey's Himthyan 
collections, there are several which agree pretty well with the illustrations of Sp. 
7ercherei given by that author, but are ~8-y nothing else but strongly- 
weathered individuals of Sp. Rajah. 

The dorsal valve ia less strongly oonvex than the ventral one, It is almost 
equally cwved in the longitudiual direction on its lateral parts and along the 
median fold. A narrow but distinctly developed hinge-area is noticed below the 
tolerably prominent apex. The mesial fold is considerably elevated and shaped 
into a single, acutely rounded crest. At some distance from the apex smaller 
lateral Fibs are produced on either side, which in larger speoimens become again 
rnb-divided before reaching the front line. The lateral parts are likewise ornamented 
by rounded folds, 'simple at  their origin, but Boon producing on either side a 
s d e r  lateral rib, whioh is either single or diohotomous but always inferior in 
strength to the main rib. The intercostal depressions are regularly rounded. 

I n  weathered speoimens, in whioh the details of the soulpture are lost, the 
ornamentation consists of simple coarse radiating ribs only, as in the type figured 
as.&. Vercherei by Verohke ( I .  c. Fig. la). 
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I n  perfectly preserved individuals the surface is marked on both valvea with 
very delicate longitudinal stria. The radiating sculpture is c r w d  by indistinct 
marks of growth of greater or lesser strength at irregular distances. 

The internal characters of the ventral valve me well exhibited in aeveral of my 
specimens. The hinge-teeth are supported by two large diverging dental plates, 
forming the walla of the triangular fissure and extending into the interior of the 
valve for some distance. Between them a large portion of the free space at the 
bottom of the shell is occupied by the muscular impressions. On each side of the 
muscular impressions the interior of the shell is covered by numerous coarse 
granulations. 

The mwurements of a pretty large specimen (Pl. IV, fig. 5.) are as follow :- 

Entire length of the shell . . . . . . . . .  66 mm. 
Length of the dorsal valve . . . . . . . .  61 ,, 
Greatest breadth of the shell . . .  .a. 63 ,, 
Length of the hinge-line . . . . . . . . .  60 .. . . . . . . . . .  Thicknees of both valves 43 
Apical angle of the ventral valve . . . . . . . .  88" 

,I r ,  I, 1, dorsal 2, . . 1 2 6 '  

Locality and Geologicat pottit ion ; number of specimen8 examined.-Kuling 
shales of Spiti, associated with MarginVera Himalayensie, Kuling, Coll. Gerard, 12, 
Coll. Stoliczka, 10, Coll. Grieabach, 3 ; Muth, Coll. Stoliczka, 2 ; Lilang, Coll. atoliczka, 
6; Spiti Valley (exact locality not known), Coll. Gerard, 9. All the forms from 
Kashmir, contained in the Geological Survey's HimSlayan collection, are loose 
speaimens. The majority, 21, have been obtained from Barus by Capt. Qodwin- 
Austen. The exact locality, where the specimens collected by Dr. Verchbre (6) and 
by Lydekker (9), were picked up, has not been given on the accompanying labels. 
It cannot therefore be made out with certainty whether the species actually occurs 
in the Zewtin beds, or is restricted to the beds with Productus Abichi and 
MarginVera Himalayensit?, corresponding to the Kuling shales of Spiti, although 
the section, published by Capt. Godwin-Austen on p. 33 of his memoir on the 
carboniferous rocks of the Kashmir Valley (Quart. Journ., Geol. Soo., London, 
Vol. XXII.) is strongly in favour of the former view. 

Remarks.-Spirifer Bajah belongs to a very remarkable group of this genus, 
which is distinguished by the presence of coarse fasciculate ribs, and seems to 
exhibit a distant similarity to Sp. integricoeta, Phill., among the mountain limestone 
forms of Western Europe. This group is represented by Sp. Taamaniensk, Morris, 
in Australia, by Sp. interplicatw, Rothpletz, in Timor, by Sp. Tibetarawe, Sp. Rajah, 
and a third yet very incompletely known species in the Himtilayas, by Sp. Keilhavii, 
V. Buch., Sp. Zmeni, Diener (=Sp. Parryanue, Toula) and Sp. Tdlczeki, Toula, in 
Spitzbergen. 

Among these specie3 Spirver Keilhaaii, v. Buch ( ~ e b e r  Spirifer Keilhavii 
* fiber dessen Fundort und Verhaeltnisszuahnlichen Fomen, Abhmdlgn. Koenigl. 

Akad. d. Wissensch. Berlin, 1876, p. 66) seems to be most closely related to the 
present one. I n  general shape and sculpture they are indeed very similar, although 
points of difference forbidding their identification are not absent. These characters 



&iefly consists in the absence of a median thread-like rib in the sinus of Sp. 
Eeilhavii, and in the shape of the mesial fold of the dorsal valve. The latter 
divided in the middle by a broad and shallow longitudinal depression or groove, 
whereas it is shaped into a sharply-rounded crest in Sp. Bajah. 

Another species, which closely approaches the present one, is Spirif8r Tibetanus, 
Diener (Pt . 111, of this volume, P1. VI, Pigs. 1-7,) from the permo-carboniferous 
limestone crag of Chitichun No. I, in Hundbs. It is, however, readily distinguished 
from Sp. Rajah by its short hinge-line and area, which is much more triangular and 
broader in proportion to ih width. I n  its ornamentation Sp. Pabetataw chiefly 
resembles such shapes of Xp. Rajah as are chamcterised by the irregular 
strength of their secondary ribs (Pl. IV, Fig. 4), but the dichotomous character of 
the dorsal median fold in the Tibetan species h not been noticed in the present 
form. 

SpimYer Loveni (=Sp.  Parryartue, Toula, Neues, Jahrb. f, Min. 1876, p. 266, 
Taf. VII, fig. 8) seems to hold an intermediate position between Sp. Rajah and 
Sp. 7ihianzce, as has been explained more fully in the description of the latter 
species. 

The similarity to Spi~fer  Tilcseki, Toula (Kohlenkalk-Fossilien von der 
8uedspitze von Spitzbergen, Sitzgsber, Kais. Aliad. d. Wiss, Wien., LXVIII. Bd. 
p. 271, Taf. I, fig. 3), Sp. ITaernaraiefisis, Morris (in Strzelecki's Physical Description 
of New South Wales and Vandiemensland, p. 280, Pl. XV, figs. 3, 4) and Sp. 
ifiterplicatus, Rothpletz (Die Perm-Trias-und Jura Form. auf Timor und Rotti, 
Palreontographica, $9, Bd. 1892, p. 78, Taf. IX, fig. 6) is a more distant one. 
Among these species Xpirifer Tasmanierasis, as figured by Morris, L. von Buch and 
L. de Koninck, is cert ably least closely related to Sp, Bajah, from which it 
differs by its strongly-transverse shape, the less prominent and differently 
sculptured dorsal median fold and by the longitudinal ornamentation of the sinus. 

A species, which might also be compared to the group of forms as the proto- 
type of which Spirifer Rajah ought to be considered, has been described and 
figured as SF. Waageni, Tschernyschew (MBm. Comit6 GBol. 5. PBtersbourg, Vol. 
111, No. 4, p. 269, Taf. V, fig. 2), but the fasciculate arrangement of the secondary 
ribs seems to be less distinctly developed in this Artinskian form. 

It is rather remarkable that no representative of this group has as yet been 
met with in the Productus limestone of the Salt Range, whereas both Sp. Bajah 
and Sp. tibetartua are among the most common and characteristic types of brachio- 
poda in the anthracolithic rooks of the Himtilayas. 

No representative of this group has even been found in deposits of a lower oar- 
bonif erous age. 

7. SPIBIPEB BP. ind. ex aff. SP. RAJAH, P1. IV, Fig. 8. 

A species which seems to be very closely allied to the preceding one, is repre- 
sented among Dr. Gerard's collections from the Kuling shales of Spiti, although 
unfortunately, by an isolated dorsal valve only. This valve, which has been shghtly 



deformed by mushing, is somewhat square-shaped, wider thm long, and provided 
with slightly -produoed, attenuated wings, terminating in aoutely rounded anglee. 
The mesial fold is not strongly elevated above the general convexity of the valve, 
but nevertheless considerably surpasses in strength dl the rest of the radiating rihe. 
The latter are of the same oharacter as in weathered apeaimens of Sp. Bajmh. n e  
majority of them are single, but occasionally traces of the original s e c o n w  
bifurcating costm are still to he notioed. Concentrio imbricating marks of growth 
are strongly developed. 

The chief difference between this species and Sp. Rajah consists in the shape d 
the median fold. It is composed of a single rib at its origin, and continues so for 
some distance, when it becomes dichotomous. The two ribs, into which the original 
fold is thus splitting up, gradually increase in size towarde the front, and are separ- 
ated by a deep longitudinal valley, which is much more deeply excavated than the 
corresponding depression in Sp. Keilhavii, v. Buch. 

The measurements of this valve are as follow :- 
Entire length of the dorsal valve . . . . . . .  35 mm. 
,, breadth ,, ,, Y. . . . . . . .  6'2 ,, . . .  Apical angle ,, ,, . . .  a a ~  116' 

Locality l a ~ d  Geological p i t i o n  ; number qf epecimens examined.-Kuling 
&ales near Muth, Spiti ; Coll. Gerard ; 1. 

Remark.8.-If we set aside Spiruer Rajah and Sp. Keitiravii, there is a species 
from the anthracolithio rocks of Spitzbergen described by Toula (Kohlenkalk- 
Fossilien von der Suedspize von Spit zbergen, Sit zgsber. Kais. Akad. d. W issensch 
Wien. Bd. LXVIII, p. 273, Taf. 11, figs. 1, 2), to which the present one might be 
more especially compared. This species, of which the partly weathered dorsal valve 
only is known, agrees with my Himtilayan specimen in the presence of a strongly 
dichotomous mesial rib, the two branches of which are separated by a deeply 
excavated valley. 

V. GROUP OP SPIRIFER CLBRKEI, de Kon. 

8. SPIRIFER LYDBKKEBI nov, sp., PL 111, Figs. 1-4. 

1866. Bpirjfsr q. iind., Ikv ibn ,  Quart. J m . ,  Qeol. 800.. VoL XXII, p. 36, P1. I ,  fig. 4 
1883. i3'p. striatw. Lydekker, Xem., Qeol. Sum. of India, Pol. XXII, PI. 11, fig. 4 

No complete specimen of this interesting species has come to my knowledge, 
but besides a large number of well-preserved dorsal vdves one internal cast and two 
decorticated external impressions of ventral valves bave been discovered among 
the fossil materials collected by Lydekker. Thus a fairly clear ideta of the character- 
istic features of the species may be formed from a comparison of the different 
apeoimens. 

The shell is rather variable in its dimensions, though always strongly transverse, 
more than twice as wide as long, the hinge-line corresponding to the greateat breadth 
of the shell. The lateral margins of =oh ~ a l v e  rapidly converge towards the ex- 
tremities of the hinge-line, being thus produced into attenuated little wings, termi- 
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nating in acute cardinal angles. Both valves are only moderately aad almost equally 
convex. 

I shall begin with the description of the dorsal valve which is more completely 
known to me. This valve is but little curved in either direction. Transversely it is 
slightly depressed in the viainity of the small, attenuated and pointed wings, and is 
divided by a prominent, large, median fold. This median fold is considerably ele- 
vated above the general oonvexity of the valve, broadly rounded above, and without 
any trace of seoondary rib& On each side of the median fold the lateral parts of the 
valve are ornamented by a variable number of single, straight, radiating ribs, which 
beoome gradually obsolete in the vicinity of the wings. I n  the specimen figured 
on P1. 111, Fig. 2, about fifteen distinct ribs are counted on each side of the mesial 
ridge. I n  some forms they oocur to the number of twenty. All the ribs are 
very regularly rounded above and separated by narrow rounded furrows which are 
far inferior to them in width. 

If the test is entirely preserved, the surface of the valve is covered all over by 
closely disposed, concentric, undulating l a m i n ~ .  But in the majority of my speci- 
mens this beautiful sculpture has been greatly injured or completely destroyed by 
weathering. 

I n  casts devoid of their test, as in the form figured on P1. 111, Fig. 6, or in 
Lydekker's type specimen (Pl. 111, Eig. 7) faint concentric marks of growth only are 
occasionally noticed. 

I n  none of my numerous specimens has the apex been preserved. It has been 
either broken off or has been destroyed by weathering, thus partly exhibiting some 
of the internal oharacters of the valve. The Figures 6, 7, 10 will give a better idea 
of them than any pdlrticular description. I need only remark their strong similarity 
to the internal features exhibited by Spirifer Zonedalei, as illustrated by Prof. 
Davidson (in Davidson=Suesa, Classification der Brachiopoden, Wien, 1866, P1. 111, 
fig. 4). The impressions of the adductor muscles are especially well preserved in 
the specimen, Fig. &. 

*The measurements of two specimens, the larger of wbich has been collected in 
the dark-blue carboniferous rocks near Eishmakam, are as follow :- 

I. (Fig. 2a.) II. (Fig. &.) 
Entire length of the donal d v e  . . . . 43 mm.. . 81 mm. 
,, ~ ~ t h  , ,, n n . . . . 8 8 , .  76 ,, 
,, thicknea ., ,, ,, ,, . . . . 10 ,, . . 10 , 

The ventral valve of this species is represented among Lydekker's collection 
by an internal cast from Eishmakam, and by two ex teml  impressions from the 
Quartz sandstone of the Ladak h valley. 

Thie valve is provided with a moderately deep, mesial sinus, regularly rounded 
at the bottom and devoid of any longitudinal sculpture. I ts  lateral borders are 
sharply rounded. The ornamentation of the lateral parts is of exactly the same 
pattern as in the opposite valve. I n  the speoimen from Eishmakam the test Las 
been partly preserved in the vicinity of the front line. It exhibits the conmatrio 
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lamellose condition, peculiar to eamplete forms of thie epee i~ .  The plaatez- 
casts of the two external impmiona, which have been reproduoed in the Figures 6 
and 9 of P1. PII, repremnt strongly erushd a d  M o m 8  individual6 brut show 
pretty wdl both the radiating wdpture of the mrfm and the ehage of the rounded 
sinus stron6ly enlarged fron6ml.  Neither the apex wn the b t  line has b n  
preserved. The ante* outbe ,  as given in Pig. 6, ought not to be miotaken for the 
actual front of that specimen 

The cast from Eishmakam exhibits the two d r o q  d i v e ~ g i q  dental plates 
extending to a dishnae of more than onethird the entire bngth of tbe. valve. 

The measurements of thh specimen ate as follow :- 
Ent.ire length of the vantd ~ . h e  . . . . . . 37 mm. 

b d t h  ,, ,. m ,, . . 9 ,. . . -acrr.BO ,, 
Widthoftbeares . . . . . . 12 ,, 
Apicelnngle . . . . t . . . 136" 

Zoca tity and Geological poeition ; number of 8pcimena exumined.-hrlk- blue 
shales and limestones with numerous Peneste ttidcs, N. of Eis hmaltam, Coll. Ly dek- 
ker, 4 ; yellowish-grey quarte sandstone, reminding of the dmnian Spiriferen-Sand* 
stein of the Rhenish region in its lithologicd aspect, Ladakh. Valley, ColL Lydeklker, 
12. 

Tbe identity of the specimens from the Bgrus beds of Bishmakam md Prom the 
quartz sandstones of the Ladakh Valley does not seem to me in any way dmbtkxl. 

Benaarh,--Among the oarboniferous 8piriferida the present epeeiw eeem to 
be most closely allied to Spirifer Clarkei, L. de Kon. (Remhemhee snr les fossiles 
Pal6ozoiques de la Nouvelle Galles du Sud, p. 230, P1, XIIT, fig. 3). The only 
essential difference between the two t o m  consists in the presence of small 
attenuated wings in Sp. Lydekkeri, wheress in Sp. CZmkei the &era1 margins udib  
with the cardinal border in rounded angles without any proper wings being developed. 
If we set aside this dif£erence, the two species agree very well' in their general 
&ape, in the presence of a wide, slightly raised, smooth mesial fold in the dorsal 
and of a moderately deep, smooth and rounded sinus in the ventral vdve, in the 
character of their radiating sculpture, which is composed of numeroue single 
rounded ribs, and in their beautiful bminose ooncentric ornamentation. 

I n  tbe face af evah featurea there can be but little doubt, I think, that our 
HimAlayan species belongs- to the same group of- form as the Australian Spir?fer 
Clarkei. 

There is quite a number of carboniferous and devonian speciea which show a 
more distant similarity to the preaent one, but there ie none arnomg hem which 
might justly put in a claim fbPa closer comparison, 

9. BPIRIPER SP. IND. EX AEF. &. LYREKK~~BI,, PI. V, fig. 8. 

Thie species is perhaps still more olosel y allied, ta +fir Ctdrrkei, de. Kon., than 
the  preceding one, h t  my materials. are,hscanty to &ow anything. to, ba:.aawhd 
more positively. 



Among the Geological Survey's Himalayan oollwtion the present speaies is 
represented by a single incomplete donwl~valve only, with parte of the area of the 
ventral valve adhering to the rocky m a t h .  It is less etrongly t m v e r s e  than 
Sp. Zydekkeri, oonsiderably less than twice aa wide ~ J I  long, without any proper 
wings and, so far as can be made out from the indistinct outline of the shell, 
with rounded cardinal angles. Its eub-elliptical shape readily distinguishes this 
species from the  receding one, wbereae in the ornamentation no difference can be 
noticed. The speoimen being devoid of its teat, coneentrio marks of growth are but 
v e ~ y  faintly indicated. 

Tbe measurements of thia speaimen are approximately as follow :-- 
Entire b n d b  of the udvr . . . . , . . . . 28 mm. 

- b d k h t , m  . . - . 4 0 m  
thicknese, ,, ,, . . . . . . . . . @ ,, 

Locality a& Geological p o & h  ; %umber of specirnms examined .-Yellowish 
grey quartz eanhtone, associated with Spirifer Lydekkeri, Ladakh Valley, Kash- 
mir ; Coll. Lydekker ; 1. 

VI. Qscrur OP' 8PIRIFER AEATUS, 8ohhth. 

10. S P I B I F ~  KASHMEBI~SIB, Davidson. 
1866. Spi+ifera Kadmsrbnrir,  Devideon, us& Jonrn. QeoL Soo., London, Vol. XXII, p. 41, PI. XI, fig. 5. 

p. 621. 
9 1885 8pirrjer X&rid, Wmgan, 8s t Ibnge Erne., Pal. Ind., ser. XIII, voh I, Prod. Limeet. Pose.. 

1891. S p i r i i  Kcuhrnsrwnrir, W-, ibidem, Vol. PV, Oeologiaal Results, p. 166. 

The following is Davidson's desoription of this species :- " Shell transversely 
fusiform, hinge-line long and straight, the lateral margins beooming gradually 
attenuated. Ventral valve ornamented with about twenty simple ribs. The sinus 
deep and divided along the middle by a sml l ,  median, arightly projecting rib, which, 
commencing at a short distance from the beak, extends to the front. Length 7, 
width 18 lines.'' 

Of this species a few ventral valves only from the Zewhn beds of Barus and 
Khoonmoo were obtained by Captain Godwin-Austen and eatrusted to a. Davidson 
for examination, Ny mCerkle we skill mom inuomplets, eonsistiag of a single 
incomplete ventral valve, which I refer with some hesitation to 59. BTOuhmeriensis, 
Thus our knowledge of the oharacters of thie inkresting h r m  remains yet very 
limited. 

Dtlvidson compared Spirqer Ka8hmeriensi8 to the devonian Sp. macropterus, 
Goldf, on account of its very transverse spindle shape, but marked the ptesenoe 
of a median Dib in the einus aa an easily recognisable poiat of difference. Waagen 
in 1883 believed the prtPent species to he oloee1Jy allied b. ST. alatwr, but 
afterwards, rejecting his former opinion, plaoed it in the group of Sp. vespertilz^o, 
Sow., from whioh he assumed it to differ ~olely by its more numerous ribs. 

There is a, good deal of- oonfusion about tYpir$er ee8pertiZi0, Etheridge, jun., 
differing entirely from L de Eoninelk and' Waagen in the synonymy of that 
species. I believe, however, that M!r. Etheridge (Geology and Palaeontology of 
Queenslqnd, p. 23) is perfeotly right in retaining Sowerby's original name for 
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the strongly transverse form, figured by Morris on P1. XVII., Figs. 1 and 2, of 
his memoir in Count Strzelecki's " Physical description of New South Walesn 
and in proposing a new denomination, Sp. Stutchburii ., for the species, figured by 
Morris on P1. XVII., Fig. 3, and by L. de. Koninck on P1. XIII., Figs. 4b, 4c, 
and P1. XIV., Fig. 3, of his memoir on the palaeozoic fossils of New South Wales. 
Waagen's shell from the Conularia-nodules of the Salt Range consequently 
ought to be identified with Sp. Stutchburii, not with Sp. veepertilio, if an identifi- 
cation may be based altogether on so fragmentary materials. 

A third species of the group of Spirifer vespertilio is indicated by the form 
figured by L. de Koninck on PI. XIII., Figs. 4, h, of his above-quoted 
memoir. This species approaches Sp. KaehmeriePteie by the presence of a mesial 
fold in the sinus, but strongly differs from it by its sharp an,plar ribs. Neither - in the true 53). ve8pertilw nor in Sp. Stutchburid a mesial rib is developed in the 
bottom of the sinus. Nor does the shape of the sinus agree in any way with that 
exhibited in the Kashrnir shell. To me, therefore, th'e affinity of the latter to the 
Australian group of Sp. veepertilw appears, to say the least, very uncertain. 

The permian Spirifer alatzae, Schloth., appears to me more closely allied to 
the present form than any of the above quoted species. I n  this respect I perfectly 
agree with the view expressed by Prof. Waagen in 1883, when he stated his specimens 
of Sp. alatus from the Amb beds of the Salt Range Productus limestone to differ 
from Sp. Kashmeriewia by some minor details only. 

Subgenus : SY R I N  QOTHY RlS, Winchell. 

SYRINQOTHYRIS CUSPIDATA, Martin, PI. IV., Figs. 9, 10. 

1796. Anorniter auapidatw, Martin, 'hn~actione, Linnean 800.. Vol. IV., p. 44,. PI. III. ,  figs. 1--4,5,6. 
1809. Conchylwlithua Anomiten cuapidatua, Itfartin, Petrifiarta Derbiensia, Vol. I., p 10, PL XLVI. 

figs. 3, 4, PI. XLVII, fig. 6. 
1818. &rife? cwpidotus, Sowerby, Mineral Conchology, Vol. II., p 42, Pi. 120, figs. 1-3. 
1825. Sp. cuapidatus. Sowerby, ibidem, Vol. V., p 90, PI. 461, fig. 2. 
1836. Spirjfera curpidata, Phillips, Geology of Yorkshire, Vol. II., p. 216, Pl. IX., figs. 1 4  
1840. Bpirifer cuspidatra, L. v. Buch, Mbm. Boo. Qhl. de Prance, T. I. V., p. 147, PI. IX., fig. ;a. 
1&13. Sp. cuqidatw,  L. de Koninok, DBmr. der animanx foesilea du terrain carbon. 40 Belgiqne, p. 845, 

Pl. xrv, fig. 1. 
1867. Spirifera cuapidal~, Davideon, Monograph British Carb. Brmhiopoda, pp. 61. and % pi. V 111, 

Figs. 9-24, PI. IX., figs. 1, 2. 
1877. Spiriyer cuspidatus P Meek, Beport U. 8. Exploration of tbe fortieth parallel, Vol. IV., P a l ~ o n ~ l o g y ,  

p. 87, PI. 111, figs. 11, l l a .  
1884. 8yringothyrir cuspidala, Waloott, Palaeontology of the Eureka Qistrict, Monogr. U. 8. C f e d  8nrv., 

Washington, Vol. VIII., p. 210. 

A ventral and a dorsal valve, which, however, do not belong to the same 
individual, from Kuling, in Spiti, are referable to this common mountain limestone 
species. They agree perfectly with typical specimens of Syringothyris cuspidat4 
from Tournay, which I have been able to procure for comparison. 
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The ventral valve, wbich is not complete and slightly distorted, exhibits the 
characteristic, transversely pyramidal shape of s medium-sized form of 
S. cwpidata. I ts  straight hinge-line ie terminating in acutely rounded off 
cardinal angles. The arched triangular area is almost vertical, and curved slight1 y 
forward in the vicinity of the apex. The apical angle is obtuse. The narrow 
triangular fissure is nearly twice as high as broad. Of the flat, concave 
sinus the umbonal portion only haa been preserved in my specimen, since the 
frontal portion of the valve, situated anteriorly to the hinge-line, has been broken 
off. The sculpture oonsists of single straight radiating ribs, of which from 
eighteen to twenty are counted on each side of the sinus. 

The measurements of this specimen are as follow :- 

Length of the hinge line . . . . .  66 mm. 
Width of the area . . . .  18 , 
Width . . . . . . .  3 of the triangalar fissure 
Height . ! I 8  9.5 '* ,* 
Apical angle of the ventral valve . . . .  110' 

The specimen represented by the dorsal valve, figured on P1. IV., Fig. 10, 
has been oonsiderably larger than the preoeding one. This valve is strongly 
transverse, moderately and rather regularly convex, with nearly acute oardinal 
angles and a, barely prominent apex. The large smooth median fold is but 
little elevated above the general oonvexity of the shell. It is divided along its 
middle by an indistinct longitudinal depression, extending from the extremity of 
the apex to about one-half the length of the fold. 

There are about twenty-two simple radiating ribs present on ~h side of 
the mesial fold. 

The measurements of this specimen are as follow :- 

. . . . . . .  Entire length of the dorsal ~ V Q  336  mm. . . . . . . .  , . breadth ,, 9' 7 2 , ,  . . . . . . .  ,, thickness ,, 99 12 , . . . . . .  Apical mgle ,, .' ma. 19S0 

ZocaZity a& Geological p o e i t h  ; number of apechem examined.-The two 
were obtained near Kuling, in Spiti, by Dr. Stoliczka from s, black 

crinoidal limestone, entirely different from any of the rocks which form part of 
the typioal Kuling shales of Spiti 01' of the Productus shales in .Tnb8r and Pain- 
kMnda. There is some probability of this rock-specimen having been derived 
from the crinoid limestone horizon, whioh Qrieabach has demonstrated to underlie 
the white quartzite of Spiti and which he correlates with the mountain limestdne 
of Emope. If this probability could be proved, the presence of Syrhgothyris e w ~ i .  
d d a  kould be strongly in favour of Qriesbach's correlation, as neither in Europe 
nor in America this species has hitherto been ever met with in beds of an upper 
carboniferous age, 



Btlb-family : WAKTINIIWAE, Waagen. 

@enus : MABTIHIOPSIB, Waagsa. 

1883. dlartinwp!k Wwen,  Salt h u g s  Fomile, PJ. Ind., req. xiii, Vol. I., Prod. Limest. Porn., p. && 

MA~TXNIO-S (a) Sp. id. m. BUBBADIATA, 8 0 w ~ b ~ .  PI. VISr Fig. 9. 

[CoCompare : 8pirifara wbradi.tq, Sowerby, Darrin'r Qsolo~iqJ O b a t i o n n  on the rolaaia iebndn visited 
by B. M. ahip Beagle, eta., 1844, p. 159.1 

Spirifsr rubradiatwr, Morris, in Btadeofi'e Phgriaal d* of New &nth Wah md V&imw&nd, 
1846, p 281, P1. XV, fig. 6, Pl. XYI., @ 1-4 

Bpirifm glabm, Dana, Geology, Wilkar' U. 8. Exploring Expedition, eta., 1849, Vol. X., p. 688, P1. I, 
fig. 6. 

Spirifsr glabsr, L. de Koninok, Beaherchee enr lee fosrilea p.16otoiqnm de la Noavelle Gallon dn 8ud, 1877, 
Pt. 111, p. 227, PI. XI., figs. 8, 9, P1. XII., fige. k-a. 

GpirifsZ Daruki. L. ds Koninok (non Morrie), ibidem, p. 230, PI. X., fig. lb, b P1. XI., fig. 10, lb, 
Pl. XII.. fig. 1. 

Mariiaioprw ucb~ad ia ta ,  Etberidge jun., in Jmk and EtheriaSe, Qmbgy a d  PPloeanblegy of Qnmneknd, 
and New Guinea, 1898, p. 838, P1. XI, 6g. 14. 

It is with some hesitation that I introduoe this name for a very Pragmentary 
and somewhat crushed shell from the 5 e w h  beds of the K a e h k  Valley, but among 
the forms with which the present specimen could be compared, i K a r W p k  &- 
radkzta, Somerby, seemed to be the moat similar one. 

I consider this specimen to he the fragment of a v e ~ t m l  valre, with the inter- 
nal a& partially exposed in its apical region. The sharp lefb border of the oaet 
seems to correspond to the inner wall of a dental plate. The linguatiform impree- 
siom of the oardinal musclesare divided by a hrge double median septum. The 
 media^ septum is more strongly developed than in any of the types of Martinwp- 
oG figured by L. de Koninok. It must, however, be borne in mind that the present 
form if complete, would probably exoeed in size even the type specimen of L. de 
Koninck's figure loo on Pl. XI. of his memoirs 'on the paleosoi,o fossils of New 
South Wales, 

My fragment is too incomplete to allow any exact reconstruction of its original 
outlines, but what can be made gut of its geqeral shape ip not contradictory to 
an identification as a species of Martinwph, allied probably to M. subradiata, 
With this identagation the sculpture of the shell surfwe agrees very well. I t  con- 
sists of a comparat,ively small number of strong concentric laminae of growth 
which are cwssed by a very faint radirrl orname~tation. A few obtuse radiating 
costa e, however, more strongly; marked. The shell structure exhibited. in the 
vicinity of the front margin only is moderately pundate and fibrous. 

Locality, and qeological p h t h  ; nwnber pf qecirnenr examined.-Greenish 
shales of the Zewan beds, associated with Protwetepra ampla, Lonsd., Kashmir 
Val le~  ; Coll. Verchhre ; 1. 

Bemarks.-It is to be regretted that the present specimen is too poorly pre- 
served to allow a definite identification. Could I have satisfactorily proved its apper- 



tenance to the gronp of a. mbradiata, it might very justifiably have beeh quoted 
among the q&es indicating an afflnity betweeh the fauna of thd Hirnhlaytfn 
Zewan beds and of the carboniferous rocks of A ~ t r a l h .  

Sub-order : A NCISTROPEGI~A$A, gittel. 

Family : RHYNCHONELLID&, Gray. 

Sub- family : RHYNcHONELLIN&, Waa;gen. 

Genus: BHYNCHELLA Fisch. V. ~ a I d h .  

Three dpecies df this genus have been described by Davidson from the collec- 
tions of Captain Qodwin-Austen made in the Zewan beds of Ka~hmir. Only one 
of them wae identified with a European form by that learned author, whilst t h  two 
others were ooneidered to be new. These three species are :- 

I .  Bhymcliomenella pleurodon var. Davvewxiana, de Kon (Rh. triplex, M'Ooy) . 
a. Barrrienaia, Davideon ( I .  c .  p. 431, PI. 11, fig. 8. I.) 
3. 9 )  Karhmricmria, Ddvidson (1. c. p. 4a, P1.11. fig. 9f.)  

The genus seems to be extremely rare in the anthracolithic rocks of ~ashrnir .  
Only very few specimens were available to Prof. Davidson, who himeel£ stated the 
study of a larger number of specimens to be necessary for arriving at a satisfactory 
conclusion regarding the affinities of his new species to the rest of congeneric forms, 
Unfortunately, however, I am not in a position to add anything to eluci i te  this 
point. Both in the quartz sandstone with Cmulwris tmu&triata and Spirifer 
Lydskkeri from the Ladakh Valley, collected by Lydekker, and in a slab of rock 
from the 5ewan beds of Barus collmted by Major Collet, a small number of Bhyn- 
c h m l  tidar have been disco~ered, but they aye so badly preserved that I could not 
even decide whether they actually belong to either Bhpckmetla or Camaropho~~  . 
I n  a sericitic slate from the Ladakh Valley very badly preserved specimens of 
Rhy~chmella have likewise been noticed. 

Sub-family : CAMAROPHORIIXB, Waagen. 

Gems : OAMAROPHORIA, King. 

186a. Carnaropbia Purdoni, D s v i h ,  Quart. Jam. Geological Boc.. London, Vnl. XVIII., p. 30, P1.11, 
fig. 4,. 

Pot a c0mpMe list of synonyms* I refer to my Iiiemolr' ab the fauna df the 
permo-carboniferous limestone crag of Chitichun No. 1 (Pt. 3 of this volume). 

Two speoimeas from the anbhraddithib rdalis-df Rashmiir- ake &f&ble to this 
species, with whichl 1, shoulcla have uditedh them * t W  tha'rdiighteA hedhtion 
bad not the9 i ~ ~ c i e n t  state of $reserm%io?.i prevehted- me fro& doing' so. 



80 HIMALAYAN EOSSILS. 

I n  its general shape and outline the more complete specimen of the two agrees 
almost perfectly with moderately inflated forms of Camarophoria Purdolai from 
Chitichun No. I. This specimen, which has served as type for the illustration on 
P1. VII. of this memoir, having been strongly injured by weathering, the exact 
number of ribs cannot be made out. One of the ribs in the median fold of the 
dorsal valve can be traced to the proximity of the apex. The two lateral portions 
of the shell are distinctly asymmetrical. 

The measurements of this specimen are as follow :- 
. . . . . . . . .  Entire length of the shell 31 mm. 

Length of the dorsal valve . . . . . . . . a  28 .. .. . . . . . . . . .  Entire breadth of the shell 32 
Breadth of the median fold . . . . .  16 .. 
Thickneee of both valvea . . .  16 ., . . . . . . . .  Apical angle of the ventral valve 80' 

. . . . . . . .  ,, ,, rr ,, dorsal ,, 86' 

The specimens under consideration are probably identical with 0. Pwdmi, 
but there are several species of this genus which so closely approach the latter form, 
especidly 0. alpha, Schellwien, from the upper carboniferous Fusulim limestone 
of Carinthia, that a direct identification is only possible if completely preserved 
forms were available. 

Locality a d  Geological paition ; number of specimens examhed.-Black, 
micaceous shells, Kashmir, exact locality not known ; Coll. Lydekker ; 2. 

From the character of the matrix adhering to the loose shells it appem doubt- 
ful whether they have been obtained from the Zewan beds or from the geologically 
younger shala with Productuo Abbhi and Margiaijera himalayemie correspond- 
ing in age probably to the Kuling shales of Spiti. 

Sub-order : ANCYLOPEGMATA, Zittel. 

Family : TEREBRATULIDB, King. 

Sub-family : TEREBRATULINE, Waagen. 

Sub-genus : Dl ELAS MA, King. 

DIEUSMA H ~ ~ T A T U X ,  Sowerby, P1. VII., Fig. 5. 

1824. Twsbratula ha+tcrta. Sowerby, Mineral Conoh. of Great Britain, Vol. V., p. 06, pl. 446, fig. 2, medie 
(fig. 8, dextra et cateris exclnsis). 

1867. T. hartata, Davideon, Monograph British carb. Braobiopode, p. 11, P1. I., fig. 1 (cateris exclmie). 
1876. T. haartata, Roemer, Lethaea Palseazoica I., Th. atlas, tab. XLIII., fig. 1. 
1880. T. aracculva war. haatata, Davidson, Nonogr. British Fossil Braohiopode, anpplement, Vol. IV., 

p. 260, P1. XXX., fig. 17. 
1887. Dislasrna haitaturn, L. de Koninck, Fauna da Calcaire carbonifere de le Eelgiqne, p. 0, Pi. III., figs. 

1-26, P1. IV., figs. 9-22, war. figs. 23-26. 

Among the fossil matarial collected by Lydekker in the anthracolithic rocks of 
the Kashmir valley, there is , one single but perfectly complete specimen of 
Dielaema, which, I tbink, may be safely identified with Dielaema haetaturn, even 
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if this latter species is aocepted in the narrow circumscription proposed by L. de 
Koninok. I n  the genus Dielmtlla an interpretation of species has been introduced 
by that learned author, as has soarcely been adopted in any other group of 
bmhiopoda, their distinction being based on very subordinate details to 
whioh in other genera of this class barely a varietal importance would have been 
acoorded.' Of some of these species L. de Koninck himself candidly admits i t  
to be solely a matter of taste, whether the difference be considered or not as 
sufficient for the distinction of separate species. If ,  notwithstanding this fnct, 
I venture on a direct identification of the present specimen with Dielaema haetatum 
in the narrow circumscription proposed by L. de Koninck, i t  is on the ground of 
its agreeing entirely with some of the type specimens of that author from the 
mountain limestone of Belgium. 

The shell is of a somewhat pyriform shnpe, elongated, truncated i n  the frontal 
region, and provided with a slightly arched frontal line. Ita largest tl.ansveroe 
diameter is situated a little anteriorly to the middle of its entire length. 

The ventral valve is strongly inflated, especially eo in the vicinity of the 
beak, gradually tapering towards the front line where a broadly excavated sinua 
is formed, This sinua originates in the middle of the entire length of the valve. 
The beak is thiuk, regularly curved, and slightly prominent beyond the apex of 
the dorsal valve. I t  is pierced by a large, longitudinally oval, oblique foramm. 
Its lateral portions are somewhat flattened, indistinct ridges extending down the 
beak on both sides of the foramen and limiting off a very ill-defined false area. 

' The dorsal valve is lese strongly inflated than the opposite one, regularly 
in either direotion, and provided with a shallow broad sinus, which is 

considerably less deep than the corresponding sinus in the ventral valve. The 
lateral margins of the two valves meet in a very flatly curved Line, the convexity 
of which is turned towards the ventral valve. The front line is slightly raised i n  
the opposite direction. 

The surface of the shell is nearly smooth, ornamented by a few irregularly 
disposed, concentrio strise of growth only, which are restricted to the proximity 
of the front. 

The measurements of this specimen are as follow :- 

Entire length of the ~ h e l l  . . . . . . . . .  B9 mm. .. . . . . . . . . .  ., ,. ,, ,, rmder vdve 26 
,. bresdth of the shell . . . . . . . . .  21 ,, 

Thiokners of the rhell . . . . . . . . . . .  16 ,, 
A p i d  angle of the ventral valve . . . . . . .  ma 80" 
,, a ,, n dona1 rdve a , . . . . .  n W J  

Locality m d  GeologwccZ p o s i t h ;  number of epecimenl~ esamhed.-N. of 
Eishmakam, Kashmir Valley, obtained probably from the Zewan beds ; Ooll. Ly- 
dekker ; 1. 

' In rtriot a o n h t  to this nurow interpretation of apeciea h n d r  L. de Koninok'r identification of a Didarra , 

from Loping, h r i b e d  by Kayser (Oberoarbonische Fauna rnn Loping, Hiohthnfen, Chion, IV. Bd., p. 174, Td. 
XXIII,  fig. 9) with D. normals, L. de Kon. (I. o. p 81, PI. VI., figs. 49-68). If thew two forms are to be united, 
we may an well woept tpecier of no monstrous an extension ar D. rwoulrr in the interpretation of Derideon. 

x 



Bemo~&s.-L. de Koninck inaisto on this epeoies being restricted to the mount- 
ani limestone of Belgium and Ireland only, and does not admit ita identity with 
permian forms described aa varieties of Dielaema hartat- by Davidson and by 
Kirkby. It is, however, impossible to decide whether among the f o m  from upper 
carboniferous beds, quoted under that name by European and American authore, 
the true D. hcutatwn may I& repraeented or not, a. a very different definition of this 
species has been adopted by the majority of palaeontologiata and by L. de 
Kon ino k. 

Order : I N  ARTICULATA, Huxley. 

Family : DISCINID& Gray. 

DI~CINA KASHYEBIEN~IS, Davidson. 

1866, Dircicla Parinurisnrir,  Daridscm, Quark Jonm., acolr h bdm, Vd. ~ I I v  p. 45, IL. 
fig. 19. 

-0 specimens of this interesting species wem obtained by Captain Godkh- 
Austen in the Barm beds of Khoonmoo and demribed by Davidson. Waagen 
considers them to be very closely allied to Dischisea Wart& ((Salt Range Foaaile, 
Pabont.  Indica, ser. XIII,  Vol. IV., GleologicalResulte, p. 13% P1. V., fie. 12-16), 
from the Conularia nodules of the lower speckled sandstone in the Eastern 8 a k  
Rango and to differ from the latter species solely by their larger dime~wions a d  
b# their more strongly inflated upper valvea. 

No specimens of any Discinid@ have been discovered among the f d  m a t h 1  
from Kashmir and Spiti entFosted to me for examination bp the Directoi of the 
Geological Survey of India 

The genue Die& is of so soarce an occurrence in Asiatic depoeita of an anthnco- 
lit& age that the presence of this Himslayan s p e d  in the oarboniferoue Mks 
of Kashmir is of some importance. 

CXaw : BRYOZOA. 

Although this class of fossils h very richly represmted in the ti~itbmolithio 
rooks of Kashmir, their examination is rendered exmdingly di5cult by their 
unsatishctory state of preservation. Not only they are, as a rule, found in the 
oondition of impressions only, but even in the few cws ,  if the po1yl;oarinm itself 
has been pwserved, I have, with one single exoeption, either not micoeeded in 
dearing the poriferous side h m  the matrix, or' have iouad it so stkoagly ilnjured 
from weathering that no definite infomtion doacerning the nature' of the mils 
w d d  be obtained. I n  the absence of this character I deemed it prefef8ble te 
abstain from a speciflo idantUoation o£ my specimens and to be rather content 
with mmpazing them with suoh speoies as I thought to be p r o b l y  their 
mbre~~t  allies. In one single m e  only did I dare make an exception from this 
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treatment of my matsriala. This s p i e a  is Protwetepwa ampla, Lonsdale. The 
axadnation of same excellently preserred impresejons from the Zewhn beds of 
f i shmir  revealed to me the nature and arrangement of .the cells, agreeing p r o  
f d y  with thoee exhibited in the Australian types of this remarkable form. 

Tbua the present monograph does not give an adeqvte idea of the rioh faw 
of Brfrozm contained in the anthrraoolithio system of the North-Western Himailayaa. 
No doubt a systematic seam& af tlm IoeaMiea mentioned will briag to ligbt a 
muoh b g e r  nun~ber of species t h n  those here deeoribed. 

Order : QYMNOLBMATA, Allen. 

Sub-order : CY CLOSTOMATA, Busk. 

1. FENEBTXLLA 8P. IND. APP. F. P088UL4 .&onadale. P1. VII., Pig. 8 ; P1. VIII., Fig. 4. 

[Compue : Pone&& f o r d s ,  L d J e ,  in D d n v r  OeoL Obmmtiow Volanio idmds, 1844, p. 166, 
snd in Cennt Strdeoki'r Physicel D d p t i o n  of New Sooth Walee, eta, 1846, p 268, T. IX., fig. 1.1 

PscMl(sl&jorrwla, Ethcaidge, Quut. Jonm., Qeol. &o., London, VoL XXVIII., 1878, p. 332, PI. 46, fig. 1. 
3mmtdlafonrwl. ,  Ethwidge jaa.. in Jaak and Etheridge, Qedog~ .dl P h t o h y  of Qoeenalend, &., 

[p. 817, P1. I& figs. 4 61. 

A number of apeuimens of a Pmstella from the Zew6n beds of the Rrurhmir 
valley appear to be very closely allied, if not actually idantioal with the present 
speoies. But as the poriferous side ie not sdcient ly well preserved to allow the 
ohamter and arrangement of the cells to be studied, I dare not venture on a 
direot identification. Elinoe a very narrow oircumscription of the single speoies 
of this genus has been adopted by Stuckenberg in his monograph of the Russian 
a r b o n i f e m  corals and Bryozoa, a speuifio determination of Fmeetello is barely 
any more possible if one has not to deal with perfectly preserved speoimens. 
Being not in this happy podtion, I must be satisfied with referring my forms 
to Pewatella jmmlo as their probably nearest ally. 

A11 my specimens are ~haraoterised by their very wgular ~tructure and by 
their densely retiform appemnoe, being oomposed of very delicate sad slender dis- 
aepiwento and interstices. The branohes are of equal thiokness throughout their 
entire extent and are not frequently divided diobotompuly~ T b y  are not swollen at 
the point of division. They are coneiderably thinner a d  b i f m t e  lem frequently 
than in P. p k h ,  WOoy. The interstiws form topther with the diwpimeats re* 
fangular fenestrulea, bordered by nearly straight barn, and provided with ovallf 
rounded off oorners. Within the spaoe of 5 mm. there oan be oounted generally 
10 meshes or fenestrules in the direation of the extension of the bmnohee, and 14 in 
the transverse direotioP. 

x !2 



On ' the non-poriferous side the branches are flatly vaulted. Whether they 
have been ornamented by a longitudinal striation ot not I am not able to dwide, 
rrs in none of my numerous forms the surface has been perfectly well preserved. 
Of the poriferous side very little ia  known to me. !hoes of a median keel are occa- 
sionally noticed in the boll08 spaces left in the o a t  by the impremion of the branches. 

The species attains considerably large dimensions, one of my specimens, though 
incomplete, reaching a length of 100 mm. and a width of 90 mm. 

I n  the specimen, figured on P1. VII, Fig. 8, the natural colonring of the 
species, a dark Indian red, seems to have been preserved. 

Locality arrd Geological psilion ; number qf specimens examined.-Numer- 
ous forma of this species have been collected in the Zewhn or Barue beds of the 
Kashmir Valley by Major Collet, of the Ladakh Valley and at  Eishmakam by 
Lydekker, near Barus by Captain Qodwin-Ansten. 

Remark8.-The dense arrangement of the very thin, but rarely dichotomising 
branohes is a good charaoter of this species whioh very closely appmacher Penes- 
tella Joesula, hnsd.,  from the carboniferous rocks of New South Wdm, Tasmania 
and Queensland. I n  its general shape it agrees especrially well with the specimen 
from Oympie figured by Etheridge, sen., in Volume XXVIII of the Quarterly 
Journal. 

Waagen united together PenerfeZta foeeula with F. venen's, Fisch., and 2'. 
jnbieneis, Waag., in a special group of forms, distinguished from the rest of con- 
generio species by a different aspect of the two faces of the colony, " on the pori- 
ferous side the fenestrules a p p r i n g  more or less rectangular, while on the other side 
they appear oval or nearly oircukr." This peculiarity is however not mentioned by , 

Etheridge, jun., in his minute description of Lonsdale's species in the Palmontology 
of Queensland and New Guinea " ( p. 217). 

P1. VII.,  Fig. 9 ; PI. VIII, Fig. 3. 
[Compere Fenertslla inlsrnata, Londale, in Darwin's Geological O h m .  on Volcanio Idando, ate., 1844, 

p. 166.1 
F. intarmatas Lonedale, in Stneleoki'r Physioal Dewription of New South Wala ,  eta.. 1846, p. 269, PI. IX, 

fig. 2. 
F. Qtemata, Dana, in Wilkes, U. 8.' Exploring Expedition, Gieolo~~,  1849, p. 710, PI. X, fig. IS. 
3'. intsmata, Etheridge, jnn., in Jack and Illtheridge, Geology and Palreontology of Queensknd, eta., 1892, 

p. 218, PL IX, figs. 6-7.1 

Although among my materials this species is more numerously represented 
than the preceding one, I have seen it only in the condition of impressions in which 
the cash of the fenestrules and the hollow spaces left by the removed dissepirnents 
and branches have been preserved. Thus the determination of the species remains 
yet more uncertain, being neoessarily based on a general resemblance of my speci- 
mens to B'enestetla in'lerflata only. 

The present species exhibits the same densely retifom appearance, the rarely 
diohotomising branohes, the regular arrangement of the straight interstices and 



disepiments enclosing reotangularly oval fenestrulea as has been noticed in P 
forrulo. I t  chiefly differs from the latter in being of a larger habit. Within the 
epam of 6 mm. there can generally be counted 6 to 6 feneatrules in the direction 
of the extension of the branches, and 7 to 8 in the transverse direction. 

Locality and Geol oghal poeilion ; mum be^ of specimen8 examined.-I have 
examined about twelve specimens of this epecies which were obtained at  different, 
localitiee from the Zewhn beds of the Kashmir and Ladakh Valley, by Captain 
Qodwin-Austen, Xajor Collet and Lydekker. 

Subfamily: POLYPORINB, Wsagen. 

Genus : PROTORETEPORA, de Koninck. 

PROTORETEPORA AMPLA, Lonsdale, PI. VII, Fig. 10 ; Pl. VIII, Pigs. 1,~. 

1844. F e ~ t l r l l o  amplo, h e d a l e ,  in hrwin'r Qeolog. Observ. on Volonnfo Idanda, eta., p. 163. 
lm. F. ampZa, Lonrdale, in Stneleckise Phyamd Dew. of New South Wales, eta., p 268, PI. IX., fig& 9. 
1849. F. ampla. Dana in Wilkw, U. S. Exploring ExPedition, Geology, p. 10, Pl. XI, figs. I, la 
1876. P o l g w a  ampla, Etheridge, jnn., Tmneaotions Boyd Boa. Viatoria, Pol. XLI, p. 66, fig. 1. 
1883. Protordqwa ampla, Lydekker, Geology of the Keshmir and Chrmba territoriee, eta., Mem. Qeol. 

survey of India, Vol. XXII, P1.11, fig. 1. 
11392. P. ampla, Etheridge, jun., in Jack and Etheridge, aeologp and Palmontology of Qaeemland, eta., p. 

221. 

This is the on1 y species of Bryozoa contained in the Qeologioal Survey's colleo. 
tione from Kashmir which is represented by sac ient ly  well preserved forms to 
wafiant a certain identification. Mr. Etheridge, jun., has fully disoussed the value 
of the generic name Protorete9ora and redefined it. I have also relied on his 
arguments in adopting the present species in a narrower oiroumoription than 
had heen introduced by L. de Koninck. 

~y specimens agree perfectly well with the Australian ProtoretepTa a w l a ,  if 
the latter is acceptedin the interpretation proposed by Etheridge, jun., exoluding the 
w. .E&cki and var. Woodsi. They form very large funnel or cup-shaped cola. 
nies with often strongly contorted or crumpled expansions. The largest among them 
seems to have attained at  least 160 mm. in length and 180 mm in width. The cell- 
bearing face of the polyzoar~~m is i~tem31. The interstices are tolembly straight 
and bifurcating a t  moderately long intervals. They are broad, flatly arched m d  
expanding previous to bifurcation. The dissepiments are only one-half to one-third 
the length of the interstices, from which they are, however, not very &stinotly de- 
fined. The numerous elongate ovd feneatrules are arranged radially in regular 
rows, soma of which can be traced from the very root to the margins of the colony. 
There are generally four feneatrules within the apaoe of 10 mm. along the 
longitudinal direation. 

On the poriferous face of the colony the interstitial inhrspacee between the 
f en~ t ru le s  are oocupied by from five to eight rows of ciroular cell-apertures. The 
di~~piment.8 ae well as the interstices are ce11~1ifelou8 



The outer smlsce has been too mneh injured in my speoimeas b r  weatheriq t6' 
allow ite ornamentation to be studied in detail. 

Locality aMacE Geological pottitior0 i. nmber  of a p o i m e w  esar#hd.-This 
remarkable species ie not a t  all rare in the Zewh beds of the Kashmir Valley. The 
ohief localities where it haa been oolledd by VerchBw, Captain Qodwin-Aueten and 
Lydekker are the following : Mandakp61, N. W. of Wasterwan, Leitipur, 8. E o£ 
Brinagar, Pailgam, Barns, Marbal Pass (amdated with Lytt& up. id. ) .  

Bemark8.-The identity of the Kashmir speoimeaa with the typical P d w e k -  
p a  mpZa from the anthracolithio rooks of Tasmania and Qnee~sland has been 
advocated by Lydekker on the authority of Dr. Feiatmantel and fully confirmed by 
my examination of his mate@. It is of no smaU geological importance, pointing 
as it does, to slight Awtralian affinities in the carbonifemus fauna of Kashmir in a 
more direot way than the rest of eimilar indieafions. 

'ErrmHy : THAMNI~CID~F, King. 

Qenus : AOANTHOCLADIA, King. 

A~ANTH~CL~DIA SP. IND. PI. VII, Fig. 7. 

It is with considerable hesitation that I refer a single, inoomplete and badly pre- 
m e d  epeoimen from Loodoo to thiigenne. 

The arborescent colony consists of a primary branoh, from whioh a few secondary 
branohes take their origin, bifuroating at  long intervals, but being never oonnected 
by diesepimente. AU the branc bes we situated in one plane. The majority of them 
aw omarnented either on both sides or on one side only with nummue little branch- 
lets, whioh am sarrower than the principal ateme, very ehort, pointed and nearly 
parallel to egoh other. 

Although the p o r i f e m  face is exposed in my specimen, the charaohr and 
arrangement of the cellulea amnot be made out with certainty on m o u n t  of its 
unsatisfactory state of preservation. 

Zocality G7eoEogical podion; number of specianetu examined.-Loodo0 
Vihi Valley, Kaahmir, Zewh beds; CoU. Bodwin-Ansten ; 1. 

FAUNISTIC RESULTS. 
Among the faunm of the anthracolithic system in the Hidlayas  of Kaahmir 

and Q i t i  described in the preaent memoir, the fauna of the Kuling shales of Spiti 
is the geologicall? y o m g a t  in age. It eumprises the following forms, being rather 
poor in species, though rich in individvah :-- 

1. Xargirifera Mmnlajenrir, Diener. 
8. Ckowtsr qf. I;irmrerrir, Diener. 
3. AlAyrir Gerardi, Diener. 
4. Bpirifrr Rajah, Salter. 
6. ,, pp. id. af. Rajah. 
6. ,, Mwai)eyZsr&, Dsvidr. 
7 .  ,, 4. A' i t i~wu,  Diener. 
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80 fax as nmbers go, Mw~iaifwa Mmalayetwi.8, Qientw-a specid very olamly 
allied to a. typica, Waagen-and SpiAfer &ajQh, Salt., play the principal pad. 
The dlass of Lamellibranchiata is represented by a few very poorly preserved frag- 
ments only, which do not; allow a spdfio determination. The state of preservation 
of the brrsohiopoda is also, as a rtzle, rather indifferent. There i$ barely one sinqle 
fairly oomplete form among the namerons epeoimena oollected by I)r. ad, 
0toliceka and Oriesbaob. 

Griesbach correlated the Xuling shales of Spiti ( e m  etkto)  with- the 
permian Productus shales of Joh4r and Paink handa. The palmontological evidenoe 
afforded by the examination of the f o ~ d  materials handed over to me is certainly nbt 
adveree to Chie correlation, which was chiefly baaed on stratigraphics1 and lithological 
ohmactere. Out of seven speoies of br~chiopoda ctompoaing the fauna of the Kul- 
irlg shales of Spiti, four are probably identical with forms from 'thepermian Pxmduo- 
tns shales of the Central HimSlayas. Thew four s p i e s  am :-- 

Chorretes t f .  Zircarencir, Men. 
Athyt'ir demrdi, Dien. 
8pcpcmier Mwsakheylenris, David#. 

,, cf. Nitisnnc, Dien. 

Three of these s p i e s  are restrioted errclumvely to the Pmluohs &tw of the 
Hidlayaa and do not ooour in any other deposite. Aaong the thm mmainidg 
forms, forming part of the bmhiopod-fauna of the Kuling shales of Bpiti also, not B 
single one ocuure outside the sedimentary belt of the Him&lsyaa. Thus the aflinikjr 
of the present fauna to that of the permian Productus shales is undoubtedly more 
etrongly marked than to the fauna of any nonoIndian strata of anthrac01,lthio age. 
To this evidence it m y  be added that Athyris Oerardd and *feu g. N&wiir 
have been obtained from sandstone parting8 intercalated h the b h k  micmmus 
Eluling ahalea, which lithologically agree so perfeotly well with similar inkmala- 
tions of sandstone paFtinga in the Productue shales of Kiunglung that the epaimens 
in the collection could not be separated without the labels attached to them. 

An astonishing fact whioh must not be overlooked ia the total absenoe of f h e  
two ohief leading fosaile of the Kuling shales of Spiti, dlccrHel.ob Mmdslayeneie and 
6jMfer Rajah in the Productus shales of Joh4r and Painkhhda. This faot, it is' 
true, atrongly d i m i d h a  in its importance if we bear in mind that the leading' 
fmsile of the Productus ahales themselves &re very unequally distributed at dXerent 
loditiee. Chonetee U a r & ,  e. g., which is most abundant in the Productus 
shales of Johs;lFY whole rook-epeoimens being made up of ita shells only, is entirely 
absent in Painkhsnda. On the other hand, Productua cmri9,iforrmis which is 
very oommon in the Niti distriot, has not been found in the Productus shales of 
Job&. 

This rather unequal distribution of speoies throughout the Himflayan Pro- 
ductus shale8 does not howkver exclude the poesibility of another explanatiod of 
the absence of Bargini$era himalayenub and Spirver Rajah in the eastern 
portion of the Central Hi&yaa To this explanation a passage in Oriesbaoh'u' 
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drnription of the sequenoe of anthracolithic rmks in the Niti area (Geology of the 
Central H i d a y a s ,  Mem. (3001. Surv. of India, Vol. XXIII, p. 120) gives a olue. 
In his dmription Qriesbach makea reference to the development of a c a l ~ u s  
thiok-bedded dark-grey sandstone, intermediate between the carboniferous white , 

quartzite and the Productus shales of a ravine at  the foot of the Siti  pass. This 
dark-grey sandstone he found full of braohiopoda, vfhich he identified with 
Prodwtw eemireticulattcs. " I have oompared "-he further adds-" both the 
specimens and the matrix with speoimens oontained in the Geological Survey 
Museum, which had been collected at Kuling by Dr. Stoliczka ; both are so close 
in form and lithologioal charaoter that they might easily have oome from the same 
looality." 

Among the materials handed over to me for examination no fossils from this 
rook p u p  are unfortunately represented. Could the presenoe of Marginifera 
himalaye& - oorres ponding to Q riesbach'e Productue eentireficulattse-in the 

sandstones from the foot of the Niti Paas satisfactorily be proved, thi. 
evidence might point to the probability of a correlation of these sandstones with 
part of the Kuling shales of Spiti oharaoterised by the presence of kt. &ma- 
i a y m d  and Spirijer Rajah. Nor is the possibility excluded that these beds are 
slightly lower in their position within the Kuling shales than the main maea of the 
latter from which the speoies identioal with forms peculiar to the Hidlayan  
productus shales have been derived. I have hinted at this possibility to d n w  
the attention of future observers to thie question, as it may easily be decided by 
collecting more extensive fossil materials, according to single geological horieona, 
To say more on the poor evidence of a few vague palaeontological indications 
only, which are not supported by a thorough knowledge of the actual stratigraphical 
sequence, would far transgress the limits of sound geological reasoning. 

My recent examination of the anthraoolit hic foesils of Hashmir collected by 
Captain Godwin-Austen, Verchbre, Major Collet and Lydekker, has led me to 
reoognize two fairly well differentiated f a u n a  among them. The geologimlly 
younger faunais represented by a small set of brachiopoda, collected by 8. Lydekker 
in a dark mioaceous shale with occasional intercalations of sandstone on the summit 
of a ridge north-east of Prongam TAl, The speoies composing thb  faunula are 
the following :- 

Productas Abichi, Waagen. 
Marginifera himalayenria, Dien. 
Choreter grardieosto, Waapu. 
Stropiomena arologa, Pbill. 

80 far as a correlation of horizon may be based on so small a number of foseils, 
all the evidence goes to prove that the rocks from Pmngam 'R61 correspond in age 

to the Kuling shales of Spiti. The few slabs of rock from this locality, contained 
in the Geological survey's collections, are full of iffarginifera himaloynuir and 
exactly agree in their lithological character with specimens from the Kuling shales, 
collectad by Stoliczka and Qriesbach. Each of the three remaining species is re- 
presented in Lydekker's colleotion by one single individual only. Among them 



Strophornem asaaloga isan ubiquitous form of a tolerably wide geo,pphical and 
geological distribution, ranging throughout the entire oarboniferous system into 
permian strata. Productus Abichi and Chonetee gradcoeta deoidedly point to a 
permian age. Productus Abichi is among the most characteristio permian species 
of the Salt Range, of Armenia and -or. Chowtee grandicoeta has as yet not 
been discovered outside the upper Productus limestone of the Salt Range. 

In considering these facts i t  appeared to me that from ap l~mto log ica l  point of 
view a correlation of tohe. shales with Mmginifero himalayen& from Prongam Wl 
with the Kuling shalea of Elpiti will best express our present state of knowledge 
regarding their true stratigraphical position. This view is corroborated by the fact 
that none of the few fossils from this locality is identioal with a species from the 
Zswdn beds of Barug Khoonmoo or Eishmakam. Stratigmphioal evidencm to asoer- 
tsin this correlation of the Prongam Tr6l beds with the Kuling sh1es of Spiti is, 
however, unfortunately wanting. In Lydekker's report on the geology of the 
Kashmii district no referenoe is made to the position of those beds, which he probably 
failed altogether to distinguish from the rest of antbracolithic rocks. 

Pmvided the correlation of the Prongam Ml beds in Kashmir and of the Kuling 
shales in Spiti with the P d u a t u s  shales oE JohAr and Painkhsnda be correct- 
a view which, I suppoee, will better express the facta hitherto known than any 
other-the permian system appears to play an important part in the anthraoolithic 
seriea of the Him4layaa and to represent a distinot horizon of great geographical 
distribution. 

The richest of all the anthracolithic fauna desoribed in the present memoir 
is contained in the Zew&n or Barus beds of the Kashmir Valley. This fauna, to 
which attention has first been drawn by the valuable memoire of Qodwin-Austeo 
a d  Davidson, is composed of the following species:- 

TRILOB~TA. 

1. B i i l l i p s i a  rp,  ind. o f .  rsminifsra, Phill. 

LAY ILLIBEANCHIATA. 

2. Modiola rp. ind .  (1) 
3. dvicvlopectttn w o v .  89. a. 
4. Peeten nov. up. ind.  

BBAOEIO~DA. 
6 .  P r o d w t w  Cora, d'Orb. 
6 .  ,, undattu, Defr. 
7 .  ,, oemireticulatw, Mart. 
8.  ,, cf. lorgispirru, Sow. 
9. ,, af. reahiaulwr, Mart. 

10. #. rpiwlosur,  Sow. 
11. ,, p w k k s w ,  Phill, 
1% ,, prne ta tw,  Mart. 
13. ,, a m l e a t w ,  Mart. 
14. ,, r a o r g o l b r ,  Dienet. 



15. Stropha loria up. ind., o f .  corta ta, Waag. 
16. ,, Ef.(?)tenwitpiua,Waae;. 
17. Choretar lad ,  Davids. 
18. ,, Bardreuakr ear. KorAnrerreMir, Dav. 
19. ,, ' Aurteniaua, Davids. 
ZO. ,, Barurienrkr, David~. 
a l .  l j l t toria ap. ind. 
Z2. Derbyia ef. tenilia, Phill. 
98. Brkretrio cf. g randkcorta, &ti&. (an compreaca, Meek ?). 
24. AtAyrir subtilit., Hall. 
%6. ,, Buddhista, VerchBre.' 
16. ,, cf. ezpanaa, Phill. 
27. Spjrifeciua ef. Kenzwckancic, Shum. 
28. Spirifcr Musad AeyZeurM, Davids. 
29. ,, 89, id., a$'. Mucakh yienrir. 
80. ,, Rajah, Salter. 
81. ,, qf. trkangrlarir, Mad. 
82. Spirifsr L ~ d e k t e r i ,  Diener. 
83. ,, Karhmerieurir, D a d .  
a. ,, Yihiauut, Darids. 
85. Martilriopria (?) rp. ind., a t .  rwiradiat., Sow. 
86. RhynebnelZa tn'plez, M'Coy. 
37. Y Baruaicnrir, Davids. 
38. R Koahmcrisrrdr, Davide. 

(?) 39. Camarophoria ef. Purdoui, Davids. 
40. Uis lama hartatrm, sow. 
41. Direiua KadAmerienrir, Darids. 

4%. Penertelk ap., sJ. fosawla, Lonedale. 
43. ,, sp., a#. internda, Lousd. 
44. Protoretepora ampla, Lonsd. 
45. Aennthocladia rp. ind. 

I have not been able to ascertain if Camarophoria cf. Piurdorai ought n& & 
have been included rather in the list of fossils fmm Prongam !hi1 than in the 

one. 
The fossils of the &wan beds are contained in variously colonred s h d q  sand. 

stones and limeatones, but are as a rule rather indifferently preserved, This f a d  
explain the large number of speaies marked in  tbe preceding list as "ep.  itad." or as 
a ~f," only. 

In this liat are wntained 46 species altogether, of which, however, barely 
nore than 30 could be identified with tolerable certainty. Among them 
braohiopoda by far predominate, both in number of species and individuals, 

with 57 epecies five-sixths of the entire fauna. Although this propor. 
tion may be partly due to the ciroumstsnce that among the Lamellibranchiata and 
Bryozoa available for examination very few ~peoimens only were found woFtby ofa 
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specific description, the predominance of brachiopoda over the other classes of 
organic remains may be considered a well-established fact. 

Judging by its general zoological character, the fauna of the Zewhn or Barus , 
beds can only be looked upon as of upper carboniferous age. Leaving out such 
forms as are either restricted to the Zewiin beds only or specifically undeterminable, 
the remaining species may be divided into two groups. The first group is repre- 
sented by species wl~ich occur both in the mountain-limestone and in deposits of 
an upper carboniferous age. Tlie second group, which from a palmontological point 
of view is much more important, is compoeed of such species as are restricted 
to younger carboniferous strata but are absent in the mountain-limestone of lower 
oarboniferous age. These species are :- 

Productns cao.ngoZierr, Diener. 
Strophalosia ef. ((1) tenuirpina, Waag. 
Cionrter B a r r s i e ~ r i s ,  Dav. 
Lyttonia up ind. 
Ezlme~ria ef. grandicorla, Davids. 
Spiriferina of. Kefituekenais, Shnm. 
b'pirifs7 M w a k h q l s n s i r ,  Davids. 

,, Rajah, Salt. 
Camaropiorio cf. Purdo nil Davido. 
Proloretepora ampla, Lousd. 

The frequent occurrenoe of 8t+ophaloria, the presence of the strange genus 
Lyttofiia, of the group of ~honeter grondicoetot;, of Spirifa MrrrokheyleMir and of 
a group of Spirpfer, distinguished by coarse faeciculate ribs (Sp. Rajah) are 
characters of such high importance that in the face of them a correlation of the 
Zeahn beds with the upper carboniferous series of other countries can hardly be 
questioned. To' this may yet be added another fact, pointing in the same direction, 
and this is the absence of any species in the whole list which has hitherto only 
been met with in strata of a lower carboniferous age. 

Though the question as to the age of the Zew6n beds may thus be settled in a 
general way, it is hardly possible to decide to which particular horizon of the upper 
carboniferous series in the standard etratigraphio scale these beds may correspond. 
I n  elucidating this point it will be necessary to deal first with the relations which 
exist between the fauna of the Zew6n beds and the fauna of anthracolithio deposits 
of other countries. 

A tolerably large percentage of species, a t  leaot 16 out of the 46 species, quoted 
in the preceding list, are peculiar to the fauna of the Zew6n beds. The majority 
among them are, however, closely allied to carboniferous forms, as has been 
indioated in the speoial desariptions. Neverthelers one-third of the entire Zew6n 
fauna appears to be made up of species which have not been found hitherto 
outside the Kashmir territory. But their importance from a stratigraphic point 
of view ie oonsiderably lessened by the faot that one of them only, S4rifer 



Lydekke&, is among the chief leading fossils of the Zewtin beds. All the rest of 
leading fossils are well known anthracolithio speoies, aiz. :- 

Productus semireticulatun, Mart. 
Derbyia cf. rerilir, Phill. 
Stbyrir swbtilita, Hall. 
Bpirifarinrr cf. Kentuckenrir, Shum, 
Spirifer Yurakhcykrrir , Davide. 

,, G a l ,  Salt. 
Protoretepora ompla, L o 4  

One of the most striking features of the Zewtin fauna is their comparatively 
slight affinity to any of the faunse of the Salt Range Productus limestone. 
Five species only are identical, three of which have not been quite safely deter- 
mined. These species are the following :- 

Productwr Cora, dJOrb. 
,, rnniretimlatur. Mart. 
,, Cf. k M g i ~ p i ~ ~ 8 ,  SOW. 

Spirifer Musakhaylensir, Davide. 
Camaropiwia cf. Pwrdod, Deride. 

An affinity to the fauna of the Productus limestone of the 8alt Range is 
further indicated by a small number of forms, which aw very closely allied to Salt 
Bange species. Such species are : - 

8trophalosio rp. id., a f .  cortala, Waag. 
,, cf. ((3 tenuispiro, Waag. 

Lyttondo rp. id. 
&metria c f .  (?) grandicorta, Davide. 
Discina Karhaeriensia, Davids. 

These are rather slight affinities only. Much more close are the relations to 
the carboniferous deposits of Europe. Chiefly the list of Producti from the Zewan 
beds contains a large number of European carboniferous forms. Ten speoies are 
directly identical, but the number of species probably identiail is increased to 
17, if such forms are included aa are marked in the above quoted list ap cf. J s  only. 
The species pointing to European aftinitit?; are the following :- 

P r o d u c t ~  Cora, dJOrb. 
,, undatms, Defiance. 
,, serireticulatwr, Msrt. 
,, qf. longiapinur, Sow. 
,, cf. rcobriculw, Mart. 
,, cf. ~pinwlorus, SOW. 
,, pwrtulorua, Phill. 
19 punctatws, Mart. 
,, aculeatur, Mart. 

Derbyia cf .  renilis, Phill, 
Athyrir rubtilita, Hell. 
,, cf .  expanra, Phill. 
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SpirifGr cf. t kargularia, Mari. 
,, Mnaakheylenrir, Davide. 

RhyncRonella triplex, M'Coy. 
Camaropioria cf. P~wrdoni, David#. 
Dielarma ha at at^ a, SOW. 

This predominance of European carboniferous types is a very remarkable fact. 
I t  is the more astonishing if we take into consideration that very close relations 
exist between the faunse of Chitichun No. I and of the Salt Range Produotus 
limestone, more than one-half of the entire brachiopod fauna of Chitichun No. I 
being composed of identical species. 

There are similar relations between the fauna of the Zewtln bede of Kashmir 
and of Loping in China, as between the former and the fauna of European 
carboniferous deposits. Seven or eight species are probably identical, and the 
number of very closely allied forms is still larger. The fauna of the Zewh beds 
certainly bears a greater similarity to that of Loping than to any of the Salt Range 
faunse, though the latter region is geographically less distant. 

A third element in the fannse of the Zewdn beds is constituted by a few f o m  
which point to an a5nity with the carboniferous fauna of Australia. These Austra- 
lian a5nities are indicated by the following species :- 

Spirifer Lydekkeri, Dien. 
Martinwprir (1) rp. i9,d., of. rubtadiota, Sow. 
Proforefepora ampla, Lonsd, 
Feneatella ap. ird., af. fossula, Lo&. 

rp .  id . ,  a f .  iuternata, Lonsd. 

Among these five species Protoretepora ampta only is actually identical with 
an Australian carboniferous type. S p i r i f e r  Lydekkeri  fs very closely allied to Sp. 
C l a r k e i ,  de Kon. The determinntion of the specimen, figured on P1, VI, Fig, 9, 
of the present memoir, as Har t imiops ie ,  ie not beyond all doubt. The two specie8 
of Peneste l lce  may probably have their nearest all& in the oarboniferous rooks of 
Australia, but their exact identification is impossible, owing to the unsatisfactory 
state of preservation of my materials available for examination. 

Another Himtilayan species identical with an Australian form is Stropha lou ia  
Gera9*dir King, but the geological age of the beds in which the Bimilayan type 

t specimen was oollected by L)r. Gerard is unfortunately unknown. 
The faunistic affinities between the Zewtin beds of Kashmir and the carboni- 

ferous deposits of Australia, as indicated by the above-mentioned fossils, appear 
I 

i therefore to be very slight only. They are certainly I& strongly marked than 
the Australian affinitim of the fauna contained in the O r n u l a r i a  nodules and in the 
E u r y d e m  sandstones of the Salt Range. Nevertheless I consider them to be of 
no emall geological importanoe, because similar affinities are entirely absent in the 
Productus limestone. 

A oorrelation of the Zewtin bede with the lower speckled sandstone of the Salt 
Range has been advocated by Waagen. Although Davidson'e description of the 
brachiopoda, oollected by Godwin-Austen, was only available to him as a base for 
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correlation, he justly noticed the predominance of European carboniferous types in 
the Kashmir fauna, and correctly inferred that the Zewtin beds should be placed 
rather high in the carboniferous series, "that they should either be placed on a 
level with the lower speckled sandstone of the 8alt Range, or else they should 
be considered as intermediate in age between the latter beds and the lower P m  
ductus limestone (Amb beds)."' 

The remwkable pdmntologicd separation of the faunae of the Xewb and Amb 
beds is indeed no evidence in favour of a correlation of these two rock-groups. 
80 far as the testimony of fossils in the correlation of the f a u m  of two distant 
regions can be relied on to the extent and with the precision which our ability to 
interpret them will permit, the predominance of European and the slight admixture 
of Australian types point to a geological horizon slightly lower in age than the 
Amb beds. A oorrelation with the l ~ w e r  speokled sandstone is nevertheless yet far 
frqm being established safely. Only by obtaining new and abundant materials 
end giving them an exhaustive study could the problem of the relations existing 
between the Kmhmir and Salt Range anthracolithic faun= be practically solved. 

The question whether the Zewhn beds should be placed on a level with the 
Moscovhn or Gtshelian stages of the carboniferous system in Europe, is likewise 
an open one. Those who try to establish a natural claasifioation of Hidlayan  
rocks will probably come to the conclusion that tbe minor divisions of the oar, 
boniferous system, which are thoroughly adapted to the stratigraphic order in 
Eastern Europe, cannot be recognized in the carboniferous series of extra-penin, 
sular India. I seriously doubt that the sub-divisions of the upper carboniferous 
strata, which are locally distinguishable in the Ural or in Central Russia, are 
satisfactory for purposes of correlation in the Indian province. All attempts to 
establish a correlation of the Fewtin beds with any of these sub-divisions on 
biological evidence will prove forced and artificial. 

There is yet one horizon among the anthrac~lithic series of the North-Western 
Hidlayas, to which, upon the scanty palzeo~tologicrrl data available, an uppeE 
carboniferous age must probably be attributed. This horizon is represented by r) 

yuartz-a+ndstone, collected in the Ladakh Valley by L~dekkgr, and containing 
the following fossils :- 

Prodvctua sp. ind. 
S ' i r g e r  Lydekkeri, Dien. 
6p. ind. ay. Lydekkeri. 
Corw#aria tenuiatriata, M'Coy. 

Neither the stratigraphic position of this sandshne nor the locqlitp is mentioned 
in Lydekker's memoir. The assemblage of species strongly exhibits an a h i t y  
to Australian carboniferous types. Bspeoially the presence af Conularia tenui- 
etrinta, occurring also in the boulder group of the Salt Range, point8 ip this 
iireotion. 

A horizon lower in age than all those hitherto mentioned ie perhaps indictated 
by the specimen of a crinoidal limestone oollected by Btoliczka near Kuling iq Spiti, 

1 W. Wungm, fhlt Range Foegils. Z. e. Vol. IV, Peolcgipal Beqltg, P. 466, 



Thb mk ~pecinien yielded two forms of Syrhgothyrirr ~ ~ p i d o t a ,  Mart., a very 
common mountain limestone form in Western Europe. There is some probability 
of the speoimen having been derived from the arinoid limestone horiiton, which 
Qriesbach taa proved to form the base of the carboniferods series in the ~ e n t d  
Him$layae, and which he correlated with the lower arbonifemus beds of the 
European a t andd .  

This is all I am able to say with regard to the falbistic features of the anthra- 
oolithic series in Kashmir and Spiti My indications are rather vague, I regret to 
say, and the results of my studim less certaih than I oould have wished. But it 
must be borne in mind that in many instanaes the exact strhtigraphic pohlition of 
the fossils entrusted to me for examihation was not known, and that it would 
require a personal utudy of the anthracolithic deposits i n  oitu and the collection of 
extensive mterials, exactly to single geological horizons, to obtain safer results. I ' 
can only express my earnest hope that the interesting problem connected with the 
stratigraphy of the anthraoolithic system in the N o r t h - W e s h  H i d a y  as may be 
solved in time by a detailed survey of the Eashmir Valley. If the details of both 
stratigraphy and palmontology in this district are worked out with sufficient 
minuteness, they may not only permit fuller correlations with the anthracolithic 
system in other parts of the world, but may probably lead to the solution of one of 
the most important problem in the n a t d  historg of the anthracolithio epwh, is., 
of the relations between the oarboniferous deposits of Europe and of Australia. 







PLATE I. 

Figs. 1, 2. PHILLIPBIA, sp. ind. d.. SEMlNIFEBA, Phill. 
Two pygidia from the Zemtin beds, N. of Eishmakam, gashmix Valley ; eo?l. 
Lydekker. 

la, ea natural size ; 16, 26 twice enlarged. 

Fig. 3. A n c u ~ o ~ ~ m ~ a r ,  sp. ind. 
Right valve from the Zew6n beds of Eishmakam, gaahmir Vdley ; toll, Lydekker. 

Fig. 4. PBCTEN, sp. ind. 
Left valve from the same locality ; coll. Lydekker. 

Pig. 6.  MODIOLA (?) sp. ind. 
Right valve from the same locality ; 0011. Lydekker. 

Figs. 6,7. PBODU~TUS ACULBATUS, Martin. 
Zewsin beds, Ksehmir Valley ; 0011. VerchBre. 

6a, 7 ventral view 6b lateral view. 

Fig. 8. PBODUOTU~ ABICH~, Wmgen. 
Summit of a ridge N. E. Prongam Tril, Kashmir ; coll. Lydekker. 

8a ventral view, 8b  lateral view. 

Figs. 9, 10. PBODUCTU~ UNDATUB, Defiance. 
* Two casts of dorsal valves from the Zew6n be&, N. of Eishmakarn, Kasllmir 

Valley ; coll. Lydekker. 

Fig. 11. PRODUCTUS cf. u>NarsPraus, Sow. 
Incomplete ventral valve from tbe ZewSn b d s  of Bar-, Valley ; 

Lydekker. 
l l a  ventral view, 116 front view, l l e  lateral view. 

Fig. 1%. PBODUCTUS CORA, dJOrb. 
Ventral valve, Zewin beds, Barns, Kashmir Valley ; 0011. Lydekker. 

1% ventral view, 121 apical view, 12e lateral view. 

Fig. 13. P ~ o ~ u c r u s  ?U8TULOSU8, Phill. 
Cast of a dorsal valve from the ZewtSn beds of Barns, h h m i r  Valley; coil, 

Godwin-Austen. 
135 dorsal view, 13b lateral view. 

FLg. 14, PRODUCTUS ~EMIBETICULATUS, Martin. 
Cast of a dorsal valve from the Zem6n beds, N. of Khoonmoo, near Pampur ; co& 

Lydekker. 
14a doreal view, 141 lateral view. 

Fige. 15, 16. STBOPHALOB~A, sp. ind. aff., S. COSTATA, Waagen. 
Two ventral valves from the Zemhn beds, N. of Eishmakam, Kashmir Valley ; 

Lydekker. 
15a, 1 6  ventral view, 156 lateral view. 

Fig. 17. STBOPHALOBIA of. (?) TENUISPINh, Wagen. 

Ventral valve from the Zewin beds of Barus, Kashmir Valley; call. Godwin- 
Austen. 

17o ventral view, 176 lateral viem. 
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PLATE 11. 

Figs, 1-7. MARQINIFEBA HIMALAYENSIO, Diener. 
1, ventral valve, with cast of dorsal valve partly visible, from Kuling, Spiti; 0011. 

Griesbaah. 
l a  ventral view, l b  lateral view, l c  apical view. 

2, 3, ventral valves, from Khar, Spiti ; coll. Griesbach. 
Za, 30 ventral view, 2b, 36 front view, 3 e  apical view. 

4, cast of dorsal valve, from Khar, Spiti ; coll. Gr iesbh .  
4a dorsal view, 4b apical view. 

5, ventral valve from W. summit of ridge, N. E. Prongam Tr61, Kashmir ; oolL Lydekker. 
5a ventral view, bb lateral view, Sc apical view. 

6, cast of a dorsal valve from the same locality ; coll. Lydekker. 
6a dorsal view, 6b  lateral view, 6c a p i d  viem. 

7, tolerably complete specimen, with both valvee preserved, from the Kuling shales of 
the Spiti Valley ; 0011. Gerard. 
7o ventral view, 7b dorsal view. 

Figs. 8,9. P a o ~ u c m s  cf. ecAsarcuLus, Martin. 
8, ventral valve, 9, dorsal valve, both from the Zew6n beds of Barue, Kashrnir Valley; 

coll. Lydekker. 

Fig. 10. PEODUCTU~ SRMI~LETICULAT~S, Martin. 
Internal cast of a ventral valve, Zew6n beds, N. of Khoonmoo, near Pampur, 

Kashmir ; coll. Lydekker. 

Fig. 11.. PBODUOTU~ PUNCTATUS, Martin. 
Ventral valve from the Zew6n beds of Barus, Kashmir. 

Fig. 1%. PBODUCTUS cf. spINuLosue, Sowerby. 
Ventral valve from the Zewin beds of Baruq Kaehmir Valley ; toll. Godwin. 

Austen. 
12a ventral view, lZb lateral view. 

Fig. 13. C~~ONETES AUBTBNIANA, Davidson. 
Ventral valve from the Zew6n beds of Barus, Kashmir Valley ; coll. Godwin- 

Awten. 
136 ventral view, 13b lateral view, 13c apical view. 

pig. 14. CHONBTES OBANDICOSTA, Waagen. 
Ventral valve, from the summit of ridge, N.E. Prongam Tril, Kaehml.; toll. 

Lydekker. 
14a ventrsl view, 14b lateral view, l4c front view, 14d a p i d  view. 

~ i ~ ~ .  15, 16. Lmmonxa sp. ind. 
Two caste from the Zewin beds of the Marbal Pass, Kashmir ; coll. Lydekker. 

Fig. 17. STBOPHOMI!NA ANALOQA, Phillips. 
Ventral valve, from .W. summit of ridge, N.E. Prongam Tr61, Keohmir ; coll. 

Lydekker. 
170 ventral view, l7b lateral view. 
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PLATE 111. 

Figs. 1-4. SPIEIPER LYDEKXSEI, Diener. 
From the Zewin beds, N. of Eishmakam, Kashmir Valley ; coll. Lydekker. 

w e .  5-11, From a quartz-aandstuna of the Ladakh Valley (exact locality unkndwn) ; aoU. 
Lydekker. 

1, %a, 3 dorsal valves. 
2b cardiual region, slightly enlarged. 

4, internal cast of a ventral valve, with impreesione of cwrdinal teeth. 
4a ventral view, 4b apical view. 

6, 9, plastercseb of external impressions of two ventral valves. Frontal region not 
preserved. 

6, dorsal valve. 
60 dorsal view, 66 lateral view. 

7, dorsal valve, with cardinal region of ventral valve adhering, Lydekker's type-speci- 
awn (Mem. Geol. Surv. of India, Vol. XXII, P1.11, Fig. 4). 

8,11, plaster-casts of external impreeeions of two dorsal valves. 

10, dorsal valve with rnueoular impressions preserved. 
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PLATE 1V. 
Figs. 1-7. SPIEIIEB RAJAH, Salter. 

1, ventral valve, from Barn ,  Kashmir Valley; d l .  Godwin-Aueten. 

Fig. 8. 

9, dorsal view of a specimen from the Spiti Valley ; coll. Gerard. 

3, internal c a t  of e ventral valve, from the Spiti Valley; d l .  Gerard. 

4, ventral valve, from Kuling, Spiti ; 0011. Qrieebach. 

5, largest specimen, known to me, from Knling, Spiti ; coll. Grieebsah. 
fia d o r d  view, 5 b  lateral view. 

6, internal side of a ventral valve, from the Spiti Valley; coll. Stoliczka. 

7, ventral vmlve, from the Spiti Valley; 0011. Gerard. 

SPIBIPEB ap. ind., ex aff. Sp. RAJAH. 

Dorsal valve from Mnth, Spiti ; coll. Qerard. 

Figs. 9, lO. SYBINCIOTIIYBIS CUSPIDATA, Martin. 
Two specimens from a blmk, crinoidal limeatone, Kuling, Spiti ; 0011. Stoliczka. . 
9, ventral valve. 

9a ventral view, 96 lateral view, 9e apical view. 

10, dorsal valve. 
10a dona1 view, 106 lateral view. 





PLATE V. 
Fig. 1. SPIRIPKB RAJAH, Salter. 

Doran1 view of a specimen from the Spiti Valley ; coll. Gerard. 

Fiq. 2. SPIRIPEB ep. ind, ex a& LYD~KKEBY, Diener. 
Dorsal valve from a quartz-sandstone of the Ladalih Valley, Kmhmir ; eoll. 

Lydekker. 

Fige. 3-7. SPIBIPER MUBAKHEYLENSIS, Davids. 
3, dorsal valve from Muth, Spiti ; coll. Stoliczka. 
4, ventral valve from the Spiti Valley ; 0011. Gerard. 
6, ventral valve from Khar, Spiti ; coll. Griesbach. 
6, ventral valve from the Z e w h  bede, Kashmir Valley ; coll. Godmin-Ansten. 
7, internal cnst of a ventral valve from the Spiti Valley ; coll. Godwin-Austen. 

Fig. 8. SPIEIPER cf. TRIANQULAEIS, Martin. 
Fragment of a dorsal valve, from the ZeaBn bede of Eishmakam, Kashmir ; coll. 

Ly deli ker. 

Fig. 9. SPIRIFEB cf. NITIENSIS, Diener. 
Fragment of a veatral valve from Po, Spiti ; coll. Gerard. 

Fig. 10. S P ~ I P B B  Sp. i d . ,  aff. ~ U S A K E E Y L E N ~ I B .  

Fragm'nt of a ventral valve from the Zewh beds of Kashmir; coll. Godwin- 
Austen. 

Figs. 13, 12, ~ P I B I P E R I N ~  cf. KENTUCKENSIS, Shnmard. 
Two external impressions of dorsal Val&, from the Zew6s beds of Ksshmir; 001:. 

Verchsre. 
1% Reproduction of a plaster-cast taken from the specimen, fig. 120. 
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PLATE VI, 

Figs.  1, 2. MAR~INIFBBA HIMALAYENSIS, Dien. var. 
Two ventral valves from Mnth, Spiti ; 0011. Stoliozks. 

Kg. 3. C~ONETBS LI~SABENSIS, Diener. 
Ventral valve from Kuling, Spiti ; coll. Stoliczta. 
3a ventral view, 3b lateral view, 3c apical view. 

Fig. 4. CHONETES BABUSIENSIS, Davids. 
, Ventral valve from the Z e d n  beds of Bgras ; ~012. Godwin-Ansten. 

40 natural size, 4b twice enlarged. 

Figs. 5, 6. DBBBYIA cf. SENILIB, Phill. 
5, plaster-cast of internal impreesiop of a d o d  valve, from the &?win beds of Barus ; 

coll. Godwin-A usten. 
6, plsster-cast of external impression of a ventral valve, fropl l&e came loa&ty ; CQL 

Godwin- Ansten. 

Figs. 7, 8. ~ R O D U C T U S  YONQOLIOUS, Diener. 
7, ventral valve, from the Zewin beds of Barns ; coll, QodwinrAusten. 
?a ventral view, 76 lgteral view. 
8, cast of a ventral valve, with parts of the dorsal valve adhering to it, from the same 

locality ; coll. Godwin-Ansten. 

Fig. 9. MARTINIOP~S (1) sp. ind., sfF. SUBUDIATA, SOW. 
Fragment of a ventral valve from the ZewBn beds of Kaahmir ; coll. VerchBre. 

Fig. 10. 'Euaams1A ( R ~ I A )  cf. (3) QRANDIOOSTA, Dav. (an G O M P W S A  ? Meek). 
Fragmentary specimen from Zewin beds of Eishmakam, Kaahm* ; coll. 

Lydeliker. 
1Oa dorsal view, 101 ventral view, 10c lateral view; all three of natural size. 
10d ventral view, enlarged. 

pig. 11. ATHnB1S cf. EXPANgA, Phill. 
Ventral (2) wive from the Zew6n beds, N. of Khwnmoo, near Pampur ; ooll. 

Lydekker. 
l l a  ventral view, l l b  lateral view. 

Figs. 12, 14. ATRVBIS OEBABDI, Die~er. 
h r e e  ventral valves, from sandetoae partings in the Kuling shales of Po, Spiti : 0~11. 

Gerard. 
lea, 13, 14a ventral view. 
12 b, 14b lateral viem. 

Fig. 15. MARQIN~~EBA H I ~ ~ A L A Y ~ N ~ I ~ ,  Dien. 
Transverse section of the specimen, figured on P1. 11, Fig. 1.  
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PLATE VII. 
Figr. 1-3. ATHIBIB IUBTILITA, Hall. 

Three epecimena from the Zewtia bede of the h h m i r  Valley ; 0011. Qodrrina 
An s ten. 

, 10, 2a, Sa dorsal view, 16 ventral view, lc, 26, 36 lateral view, Id Erontal view. 

Fig. 4. CAMABOPHOBIA cf. PUBDONI, Dadde. 
From Ksshmir (horizon unknown) ; coll. Lydeklier. 
4a dorsal view, 446 ventral view, 4e lateral view. 

Fig. 6. DIBLA~MA HA~TATUM, Sowerby. 
Complete specimen from the Zewrin beds oE Eiahmakam ; 0011. Lydekker. 
Sa dorsal view, 66 ventral view, Sc lateral view, 6d frontal view. 

Fig. 6. CO~~ULAEIA TENUIBTRIATA, M'Coy. 
Fragment from a quartz-sandstone of the Ladakh Valley, h h m i r ;  coll. 

Lydekker. 
6a frontal view, 66 transveme section, 6c lnteral view ; all of natural mze ; 6d and 6, 

parts of the surfnce, enlarged. 

Fig. 7. ACANTEOCLADIA sp. ind. 
Z e w h  beds, Loodoo, Vihi Valley, Kashmir ; coll. Godwin-Austen. 

Fig. 8. FBNESTELLA sp. aff. POS~ULA, Lonsd. 
Colony froni the Zewdn beds of Kashmir, coll. Collet, showing the non-poriferous 

face. 
86 twice enlarged. 

Fig. 9. FENESTELLA sp. aff. IXTBBNATA, Lonsd. 
Colony from Mandakpal, N. W. of Wastarwan; ooll. Lydekker. 
lmpre&ion of the poriferous face, 

Fig. 10. PILOTOBBT~~POBA AMPLA, Lonedale. 
Impression of the poriferous face of a colony from the &wbn beds of Mandakpalc, 

N. W. of Wastarwan f coll. Lydekker. 
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PLATE VIII, 
Fig, 1. P X ~ T O R E T E P O ~ A  ~ M P L A ,  Lonsdale. 

A very large colony from the Zeain  Lede of Mandakpal, N. W. of Waetanwnn, 
Kaahmir ; coll. Lydekker. 

16 transverse d o n  of the polyzoarium. 

Fig. 4. PBOTO~ETBPOEA AMPLA, Lonsd. 
Part of the eurfece of the specimen, figured on P1. VII, Fig. 10, enlarged. 

Fig. 3. FENE~ELLA 6p. &. INTEENATA, Lonsd. 
Jmpreesion of the poriferous £a re of s colooy from the Zewh  beds of the Kushmir 

Valley ; coll. Collet 

Fig. 4. FPNLSTBLLA sp. ind., aff. FossnLa, Lond. 
External impression of the poriferoue face of a colony from the Zewin beds of the 

Kashmir Valley ; coll. Collet. 
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THE PERMOCARBONIFEROUS FAUNA OF 
CHI'l'ICHUN, No. I. I 

,BY 

CIUL DIENER, PH.D. 
PBOPESSOB OF GEOLOGY AT THE UMVEaSITY OF VIENNA. 

INTRODUCTION. 

I n  the introduction to the chapter '< Cephalopoda of the triassic limestone crags 
of Chitichun " in Vol. 11, Part 2 of the present work, a short notice of the lime- 
stone crag of Chitichun No. I (17,710 feet) in Hundds is given. This crag was 
discovered in 1892 by the expedition to JoMr, Painkhanda and the adjoining district 
of HundBs, in which C. L. Griesbach, 0. 8. Middlemiss, and myself took part. 
Even then it was highly probable, that its rich fossil contents were representatives 
of the middle Productus limestone fauna in the Salt Range, although a more 
thorough examinatioll had to be waited for, to form the base of an exact determina- 
tion of their age. - . ' ~ o t h  the large number of form composing this fauns, whioh is 
undoubtedly the richest palaeozoic fauna hitherto discovered in the Himhlayas, and 
the peculiar conditions under which it occurs, have led to a special part of this 
volume being devoted to its description. . 

A preliminary note on the geological features of this country, one of the most .. . 

interesting in the Central Himtilayas, has been published by C. L. Griesbach in the 
Records of the Geological Survey of India for the year 1893 (Vol. XXVI, Part I, 
page 19). I n  the Denkschriften der kais. Akademie der Wissenschaften in Wien , . - '. 

for the year 1896 (Math. Nat. Classe, LXII, p. 688) I have given a more detailed . . -. 

description of the Chitichun region. It is, however, in the present memoir only, that . .' 

all the geological conclusions will be collected that may be drawn from a minute . - , . 

study of the 'faunas of the different crags. 
Leaving a discussion of the geological facts to the last chapter of this memoir, 

I shall restrict myself to the following introductory remarks. 
The fauna, which I am going to describe, is contained in a white, partly semi- 

crystalline limeatone, alternating with layers of red, arenaceous or earthy lime- 
stones, and lentioular intercalations of a red crinoid limestone. This white limestone 
forms the main mass of the peak Chitichun No. I (11,740 feet) in the Tibetan area, 

B 



HIUBLAYAN FOSSILS. 

between the Laptal ranges and the head of the Dharma valley. It is from 300 to 
450 feet in thickness, and apparently rests on Spiti shales or is associated with 
intrusive rocks (diabrsse pmphyrite) which penetrate both the limestone crag and the 
Spiti shales. The Spiti shales are very rich in fossils, especially in ammonites of the 
genera Ho9lites and Olcostephue, which, according to information from Dr. Uhlig 
who examined them, mark thia division of the Spiti shales as a representative of the 
Berrias stage of aouth-western Europe. 

Throughout the limestone clrrrg folrsila are oommon, especially bmchiopods, 
bryozoa and corals. The two trilobites and the only ammonite, which we have been 
able to secure, came from the upper portion of the block. Although during our 
expedition in 1892 we could only stay about a week at Lochambelkichak encamping 
ground, the starting point for an ascent of Chitichun No. I, we visited the crag four 
times altogether and succeeded in obtaining finally a very large suite of fossils, to 
Mr. Middlemiss belonging the honour of having found the first trilobite (Phillip8ia 
Bddd lemissi) . 

The fossils are, as a rule, well preserved, at  least such as are contained in the 
white limestone, whereas those whi& have been collected in the red arenaceous 
layers, are frequently crushed and considerably deformed. A disadvantage in the 
condition of the majority of fossils is their fragility, owing to the numerous planes 
of cleavage, which intersect them in almost every direction. Nor is the internal 
structure of the brachiopods, the chief constituents of this fauna, accessible to 
observation, with the exception of a very small number of specimens, the rest 
being casts, either hollow or filled by crystals of calcite. 

Before entering into the speci6c descriptions, I f e d  obliged to express my most 
sincere gratitude to Professor Waagen, to whom I am greatly indebted for his most 
valuable assirrtance and advice. 



CRUSTACEA. 

DESCRIPTION OF FOSSILS- 

Class : CRU STACEA. 

Section : ENTOMOSTRACA. 

Order : TRILOB IT&. 

Family : P & OET I D B ,  Barrande. 

Genus : PHILLIPSIA, Portlock. 

1. PEILLIPSIA MIDDLEMISSI, nov. sp. P1. I, fig. 3. 

Head and thorax unknown. The single pygidium, by which this species is 
represented in our collections from Chitichun No. 1, was found by Mr. C. S. 
Middlemiss, in whose honour iks specific denomination is proposed. 

The pygidium is considerably broader than long, and strongly vaulted. At 
its anterior border the axial lobe occupies a little more than one third of the entire 
breadth of the pygidium. Its posterior portion has been partly broken off, but 
from the outlines preserved we may judge, that its extremity was regularly rounded. 
Its profile is of a semicircular shape. 

The axial furrows are distinctly marked in the vicinity of the proximal border 
only. Near the posterior extremity of the axial lobe they gradually disappear. 
The number of axial segments can only be made out approximately. About ten 
coalesced rings, separated by deep furrows, seem to be present. The lateral lobes consist 
of seven or eight p l e m ,  which terminate within the margin. The lateral lobes are 
regularly arched, the pleurae are simple and united at the margin by a smooth 
rim, which occupies a Little more than a third of the breadth of the lobe. 

Neither axis nor pleura have any ornamentation upon them 
The measurements of this pygidium are as follow :- 

Length of the entire pygidium . . . . , . . . . 12.5 mm. 
Breadth ,, ,, ,, . . . . . . . . . i6.6 ,, 
Length of the axial lobe . . . . . . . . 105  ,, 
Breadth , ,, ,, at its anterior margin . . . .  6 ,, 
Breadth of the smooth border . , , . . . . . . 2 ,, 

N d e r  of specimepbe examked. -1. 

Remarke.-Among British ea~boniferous trilobites of the genus PhilZipsia, B h, 
Old'rdS Woodw.' or Ph. wticuloaa W ~ W ?  might be compared to the present 
species as regards the general outlines and the absence of any ornamentation. But 

H. Roodward, Monograph of the British Carboniferous tilobitea : Pal. Soc., 1883-64, p. 69, PI. X, fig 8--12. 
a H. Woodward, loo. oit., p. 70, PI. X, figs. 6, 13. 
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Ph. Clifardi is of a broader shape, its axial lobe is bluntly rounded at the posterior 
extremity, and the lateral pleum bifurcate as they approaoh the margi~m. I n  
P h .  artictlloea the shape of the pygidium and the characters of the axial lobe and 
pleurae me very similar, but it differs in possessing a greater number of coalesced 
segments (17) and lateral pleum (13), a feature, which seems sufiicient to justify 
the specific separation of the Tibetan specimen. 

From the caudal shields of &ifithides globicepe, Phill., and Gr. obsoletue, aR 
figured by Prof. Woodward, this pygidium differs principally by its simple lateral 
pleura, these being double in  the two speoies mentioned above. Griflthidee globi- 
cepe ie, moreover, distinguished by the corrugated character of its axial lobe. 

Among the Russian representatives of the genus Phillipeia, whioh have been 
described and figured by V. von MBller P h .  EkhwaZdi Fisch. (Ueber die Trilobiten 
der Steinkohlenformation des Ural, Bull. Soc. imp. des naturalistes de Mosmu, 
1867, No. I. P1. 11, fig. 3) somewhat r e d s  our Tibetan specimen in its outlines 
and in the development of a broad, smooth marginal rim. It differs, however, by 
the granulated character of its surface, and by the presenm of flat transverse 
furrows on each of the lateral pleura. 

Among the trilobites of the permian Fusulina limestone from Sosio in  Sicily 
as figured and described by Qemmellaro (Mem. Soc. Ital. Sci., Napoli, VIII, 
ser. 3a, No. I )  there is no species, which might be advantageously compared with 

, Ph. Middlenaierri. 

Family INDETBRMINA BLE. 

Genus : CHEIROPYGE, nov. gen. 

Until 1884 no trilobite, in which the pleural ridges of the pygidium extend 
beyond the border, was known from carboniferous or permian rocks. The only 
slight exception from the types possessing a pygidium with definite, even 
outlines, wae Philippeia lodiemis from the carboniferous deposits of Ohio, as 
described by Meek (Rep. Geol. Surv. Ohio, Vol. 11, Pt. 11, Palseontology, 
p. 324, P1. 18, fig. 8). According to Meek, this species is distinguished by the  
" fimbriated character of the posterior and lateral margins of the pygidium." Prof. 
Meek says of this feature : the segments are continued down and aoross the sloping 
border, at  the edge of which they terminate in little, pointed projections, so as to 
present a fimbriated appearance around the posterior and lateral margins." This 
character is, however, so slight, that it has not been represented in tbe figure of 
Meek's type specimen. Nor has Claypole beon able to observe the crenate charac- 
ter of the margin of the pygidium in other speoimens of P h .  lodieneie. 

I n  1884, however, Prof. E. W. Clay pole described and figured1 the pygidium 
of a trilobite from the Cuyahoga shales, the uppermost member of the lower 

E. W. Claypole.--On the ooonrrence of the genus Dalrnanitsr in the Lower Carboniferous rooks of Ohio : 
Geol. Xag. Decade iii, I, 1884, p. 303 (woodout fig. A). 
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carboniferous system, of Akron in Ohio. This pjgidium is characterised by the 
absence of any marginal tract, and by its segments being " produced for the most 
part about half their length beyond the marginal line formed by their union, and 
ending in pointa, the third, seventh and ninth produced to double the distance and 
having the appearance of spines." This species has been assigned provisionally to 
the genus Dalmanites Barr. (Dalmanla Emmr.) by its author under the deno- 
mination of Dalmanites (?) Cuyahoga. 

This reference to the genus Dalmmia is rather astonishing. I n  all the typical 
species of Dalmania, which have been described by Barrande, the pygidium is sur- 
rounded by a broad, smooth border, across which the pleum never extend. I n  
my opinion, this pygidium from Akron more probably belongs to the subgenus 
Phat.'ton, Barrande, a section of the genus Proetus. 

A second pygidium of a trilobite, provided with pleurae extending beyond the 
border, has been collected by myself in the permocarboniferous limestone of Chiti- 
chun No. I. I dare not class the species, which I propose as the designation 
of this pygidium, in the same genus with Ualmmites (?) Cuyahoga?, Claypole. 
While the American form may after all be only a representative of Phaeion, my 
l'ibetan species must certainly belong to a new genus, although we must await the 
discovery of other parts of the carapace for a complete diagnosis of the latter. 

The reasons, which prevent me from classing this form with any of the hitherto 
known genera of trilobites, will be discussed after a detailed description of its, 
specific features has been given. 

1. CHEIROPYGE HIMALAYENSIR, nov. sp. P1. I., fig. 2 a, b, c. 

Head and thorax unknown. Yygidium nearly as long ss broad, distinctly trilo- 
bate, and moderately vaulted. The axis is distinctly marked off from the lateral 
lobes, and is composed of I5 coalesced segments. It is strongly conical, with a nearly 
semicircular profile, elevated considerably above the lateral lobes and equalling a 
little more than one third of the entire breadth of the pygidium at its anterior end. 

The axial segments are rounded on their tops, and separated by deep furrows, 
which are as broad as their elevated portions. The latter are regularly covered with 
granulations, whilst the furrows between them remain perfectly smooth. The lateral 
lobes are more flatly curved than the axis, but are bent down rather abruptly 
towards their margins. No marginal space or limbus is formed. Each of the lateral 
lobes consists of six well defined pleurse, which are interrupted by deep, narrowly 
rounded depressions. These pleurae originate as sharp ridges in the furrows, limit- 
ing the a d  lobe, broaden considerably, as they approach the margin, where 
they bend suddenly downwards. The posterior p l e u r ~  are broader than the ante- 
rior ones. They are not distinctly carinate, although their profile in general takes 
the shape of a sligb tly pointed arch. The posterior termination of the axial lobe 
is surrounded by sn axial lappet, which is exactly like the lateral pleurae, but 
slightly exceeds them in width. Both the lateral pleurae and the posterior axial 
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lappet are ornamented with numerous rounded granulations of equal size. The 
inhrpleural dep~wians are smooth. 

The strong projection of each pleura imparts to the margin a c r e ~ a t d  appear. 
anoe, recalling the pygidium in Cromus, Ban., of the family of B ~ c r i n u r i d s .  

The m.emuremente of the present pygidium are, 8s follow :- 
9 . . . . . . . .  Length of the entire pygidinm 11 mm. 

- -  - 

~ r e d t h  ,, ,, . . . . . . . . . .  ie .a , ,  .. . . . . . . . . .  Length of the axial lobe 8 
Breadth ,, ,, ,, at its anterior margin . . . . . .  a's,, 

Number speoimena emmined.-1 . 
Bernccrk8.-Among the pygidia of hitherto described trilobites those af the sub- 

genus Phaeton (Ph&tmMee), Barr., may be first compared. 
This subgenerio seotion has been introduced by Barrande for such species of the 

genus P r o e t ~ ~  which are distinguished by a cremted margin of their pygidia.' Of 
the three species attributed by Barrande to  this subgenus, P. A$-chdaci and P. stria- 
tue are of upper silurian age, whereas P. planicaudo oocurs in deposits of lowest 
devonian age. This last speciee has been oonsidered by Nov6ks ae the prototype 
of a proper mbgenus, Ph&toaelluo. No axial lappet or pleura ie developed on 
the prolongation of the axial lobe, either in the Bohemian species of Phaedon 
or PhaetoneElus, or in Amerioan Proetue Pernsrsili, which, judging from the flgure 
given by Prof. Hall in his Illustrations of Devonian Fossils (PI. XV, fig, 18)  
may also belong to Ph&ton, On the contrary an emargination of the border 
always corresponds to the posterior termination of the axial lobe. This is the 
first important difference between Phaeton and Cheiropyge. A second difference 
is in the character of the lateral pleura. In  Phai;lon they are flat and divided 
by a median furrow, reaching from the axial lobe to the pointed extremity of 
each segment. So remarkable are these two points of difference, that they not 
only make a referenoe of the present species to Ph&ton impossible, but even in- 
duce me to believe, that Oheiropyge hima2ayeneie belongs to an altogether differ- 
ent family from the Proetidce. 

A certain resemblance seems to exist between this Tibetan trilobite and a few 
8 i l h  forms, which have been included by Barrande in his genus Cromrsu. CromU8 
trawiqns Barrande (Syst6me Silurien, p. 828, P1. 43, figs. 18, 19) is a form 
which at a first glance recalls Cheiropyge. This similarity is, however, more 
apparent than real. There is no axial lappet or pleura, but the posterior element of 
the axial lobe is produced towards the margin and bordered on both sides by late& 
segments. I n  the external character of the pleura? there are Likewise differences, 
which make a distinction easy. The resemblance of the present specimen to 
pygidia of Oheirurus is still more distant. I do not know of any other genera of 
trilobites, which might advantageously be compared with Cheiropyye. Nor am I 

1 J. Barrande, Notes prdiminaires mr le Syst6me Silnrien et lee trilobitea de Bohbme, Leipzig, 1846, p. 62; 
6gd6me Silurien du  oentre de la BohBme, YoL I, 1852, p. 433. 

9 0. Noodk, Vergleiobende Stndien an einigen Tnlobiten nos dem Heroyn von Bioken, Wildnngen, Qreifen- 
skin and Bohmen : Paleontologieche Abhandlnngen, nene Folge, I., 1892, Heft 3, p. 16. 
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able to give any clue as to its systematic position among this order. The character 
of its pygidium is however so peculiar, that I believe to be justified in establishing 
a new genus, although without the knowledge of the oephalothorax a eatisfactory 
diagnosis of the latter cannot be given. 

MOLLUSCA. 

Class : CEPHALOPODA. 

Order : ANMONOIDEA. 

Suborder : AMMONE A LEIOSTRACA. 

Family : OYCZOLOB2'DH, Zittel. 

Genus : POPAXOCERBS, Hyatt. 

Subgenus : STACHEOCER AS, Gemmellaro (WAAGENINA, &tow). 

The genus Popanocerae has been intduoed by Hyatt in his Genera of Fossil 
Cephalopods (Proc. Boston Soo. Nat. Hist., XXII, April 1883, p. 337). In this 
genus he included three Russian species, which E. de Verneuil had formerly classed 
among Omiatiles, viz., 0. so bolew8kymu8, G. king ianws and G. koninckianus, 
and, as "extreme form" Arceatea mtiquus, Waagen, from the oephalopoda bed. 
of the upper Productus limestone. 

E. von Mojsisovics' in his memoir on the trias~ic faunas of the Arctio region 
accepted Hyatt's genus and gave a more appropria;te diagnosis, referring to it five 
Spitzbergen forms and a species from the permian or triassic rocks of Timor, which 
had been described by Beyrich (Monatsber. k. AJmd. Wiss. Berlin, 1867, p. 66) 
as Ammonites rnegaphyllue and considered as rs type of his group of Begaphytti. 

In  the meantime Krotowd aniM three species of Popanocerm, from the Artin- 
skian stage of the Ural Mountains, in a new genus, Waugenh, a name which he 
changed afterwards in Waagenina3 as the priority of the former denomination had 
been claimed by Neumayr for a group (hybonoti) of Aspidoceras. 

I n  1887 Gemmellaro4 described and figured a large number of species of Popa- 
nocerae from the permian Fusulina limestone of Sosio in Sicily. His examination 
of a very rich material led him to a generio distinction of two groups of forms. 
Popanocerae eobolew~kyanzcrn f d h e s  the type of the h t  group, for whioh the 

E. o. iKojriroaier, Arktisohe Trirrafeunen : M6m. A d .  Imp. hi., st. PBtenbonrg, dr. v i i  XXXIII, No. 6, 
1886, p. 66. 

P. Krotoa, Artinskian stage, Kaun, 1886, (in Russian) p. 20k 
a MBm. Corn. G h l .  Buss., St. Phterabonrg, VI, 1888, p. 474. . 

' G. Gsmmdlaro, Ia fauna dei cslwi con f~sulina d e b  r a h  drl Einmr h i o ,  nrlla provinoin di Palermo, 
1887, Fa= 1, p. 86 
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name of Popanocersla is retained, while the second group, consisting of such spe- 
cies, as are more nearly allied to P. antiquum, Wasgen, is elevated to the rank of a 
separate genus, Stacheocerae. To the latter genus Likewise belong the forme for- 
merly united in Waagenia ( Waageniaa) by Krotow. 

The new genus Stacheoceraa has, however, not been accepted without opposition. 
It was rejected by E. von ~ojsisovics,' who considered the characters of difference 
between Stacheoceraa and Popanocerae, as enumerated by Gemmellaro, to be of a 
very subordinate importanoe and not sufficient for a generic or even subgeneric 
distinction. Karpinskf' came to a similar conclusion in  his beautiful memoir on 
the ammonites of the &tinskian stage, and maintained his view against the argu- 
ments of Gemmellaro, who actively defended the introduction of a separate genus for 
the group of Popanocerae antiqtrum in a special appendix3 to his above quoted 
monogmph. A different view of this question was however taken by K. A. von 
Zittel, who in his recently published " Elements of Palaeontology "' accepted 
Stacheoceraa as a proper genus, although he cannot be oonsidered an advocate of 
too narrowly circumscribed genera. 

I n  face of the results of the somewhat contradictory observations of E. von 
Mojsisovics, Gemmellaro and Karpinsky, it can scarcely be denied, that among the 
points of Werence between Popanocerae and Stacheoceras, as enumerated by 
Gemmellam, some are either problematical or of only very small importanw. This 
remark applies both to the length of the body ohamber and to the oharaoter of the 
sutures. Nevertheless a distinction can be based on the following characters. 

Stacheoceraa is of a more globose shape, turning discoidal only in later stages . 
of growth. It is provided with a more delicate sculpture, its ornamentation con- 
sisting of thin radial st& only, but often distinguished by the presence of varices. 
The importance of these characters has been campared by E. von Mojsisovics to 
that of the differences between two groups of the genus Arcestes, viz., the sections 
of intt,slabiati and of aubumbilicati. Since the latter groups have meanwhile been 
elevated to the rank of subgenera by E. von Mojsisovics6 himself, I do not think 
that this learned author will object any more to a similar tratment of Popanocerae 
and Stacheoce~as. 

A subgeneric distinction between Poparaocerae and Stacheoceraa will certainly 
meet the approval of palaeontologists, who agree with Haug as to the advisability of 
inttoducing a special subgeneric designation for the Spitebergen and Sl'berian 
species of Popanoceraa. For these species, which are distinguished by a more com- 
plicate sutural line, the name Parapopanoceras has been pmpo~ed.~ 

1 B. V.  Mojsirotrics, Uber einige arktisohe Trias-ammoniten des nijrdliohon Sibirien : MBm. Aoad. Imp. h i . ,  
St. P6tersbonrgJ d r .  vii, XXXVI, NO. 5. 1888, p. 18. 

A. X a r p i n r k y ,  Ueber die Amlnoneen der Artinsk-Stnfe and oinige mit denselbsn vermandte carbonische formcn 
M4m. A d .  Imp. Sai., St. PBterabonrg, ser. vii, XXXVII, No. 2, 1887, p. 67, 84. 

8 G. Qemmdlaro, loo. ait., Appendice. Palerrno, 1888, p. 10. 
K. A. eon Zittel, Qrnndzuge der Palcwntologie (Palmozoologie). 1896, p. 108. 
E. v. M o ~ ~ r i r o v i c r ,  Die Cephalopoden der Hallatiitter Kalks : Abhandlgn. K. K. Geol. Rriohsanstalt V i ,  ii 

Thoil, p. 785. 
6 E. Haug, Les Ammonites du Pcrmienet du Trias : Bnll. Boo. g h l .  France, ser. lii, XXII, 1894, p. 398. 



'. Another subgeneric denomination will be found necessary for a, species from 
#he triassio m k s  of British Columbia, which hzas been desorSbed by Whiteaves a 
Popanocerae Mo 0mnelli.l It is readily distinguished from the Spitzbergen species 
of Parapopafloce~ae by its very distiactlp aligulated peripbry. TIie lobes are 
minutely incised a t  their base and mazgins, but the saddles are not distinctly mega- 
phyllic, aa is the case in the true Popanooaratida; 

Up to now neither Popanocmae nor Stacheocerae has been found in deposits- 
of an older than permocarboniferous age. In  permomrboniferous and perrmianl 
etrata of a pelagic facios they are t h ~  most common ammonih. 

The occurrenceof a species of Stacheoceras in the limeato~e of Chitichun 
No. I is therefore of no small geological importance, as, in correspondence with 
other evidence, it clearly proves these limestorm -to be younger than upper car-- 
boniferous in-age. 

1. POPANOCEBA~ (STACHEOOERAS) TRIMURTI, nov. Sp. PI. 1, fig. I a-f.' 

Of this beautiful species the chambered portion of the inner whorls of a speci-- 
men attaining a diameter of 66 mm. and a few chambered fragments of the outer 
volutiom are available for examination. It belongs to zb group of forms, which are 
most nearly allied to Stacheooerae rnediterraneum, Gemmellaro (La fauna dei dd. 
con h&, p. 29* PI. IV, fig. 26, VII, fig. 11-13) from the permian rocks of 
Sicily. 

In  its general shape and outhes.my t n e  specimen b very s imhr  to Stachep 
cercce Tietsei, Gemm. (Pl. V, fig. 1-8). It is thickly lenticular, with a very narrow 
umbilicus and a broadly rounded siphonal part. The involution of the slowly in- 
areasing whorls is very considerable. The projection of the spirial of the penultimateL 
whorl meets the last volution above the middle of the height of the latter. 

The transverse section is broadly oval. The lateral p&s. are but slightly 
vaulted, and slope with regularly increasing convexity towards the umbilicus. No , 

umbilical edge is developed. I n  the direction of tbe siphonal area, the lateral p a s  
show a very equiil curve, and unite with the reghrly arched external part without 
any proper demarcation. 

The greatest tramverse diameter of the volutiom is situated a shart distance below 
the middle of their height. 

My specimen is an internal cast without any trace of a sculpture. I %am noit 
able to decide whether the shelly substance WM smooth CE covered with a delicate 
ornamentation, the fragments cd the shelly layer, which b v e  been preserved, being 
too incomplete and, moreover, deteriorated by weathering. But if any sculpture wae. 
ever prasent, it must have been but very fah t .  

No d c e s  h v e  been not ied  

1 Whits-I .  The foasils of the trilrasia rocks of British Columbia : Contributions to C a d i  Pb*;, 
VPL 1, Part ii, Montreal,. 1889, p, 138, P1. XVIII, fig. %3. 
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The following metbsurements have been t&en from the specimen, corresponding 
to a diameter of 62 nun.:- 

Diameter of the shell . . . . . . . . . . 62 mm. 
,, ,, ,, umbilicus . . 6 . . . . . 2.8 ,, 

from the umbilical suture . . . . 88.6 , 

Thickneee of the het volution . . . . . . . . 89 ,, 

Body chamber.-Unknown. 
Sutures.--The projection of the spiral of the penultimate whorl touches, in the 

last volution, the third lateral lobe at its inner margin. Stacheocercce Trimurti must 
therefore be classed among the spec& with three hteral lobes, whereas, aa s rule, in 
this ~ubgenus the normal number of latend lobes (two) prevails. 

The sutural line exhibits the semicircular arrangement, which, according to 
Gemmellaro, is peculiar to the group of Stacheoceras meditevranetsm. It is only in 
the viciniQ of the anterior margin of the h t  volution, that I have s u o d e d  in 
tracing it out entirely. Corresponding to a height of the volution of 27 mm., the 
sutural line is composed of the following elements. 

A very deep and broad siphonal lobe is divided by 8 median prominence, which 
m h e s  only half the height of the siphons1 saddle. Thie median prominenoe is 
slightly enlarged at its top, and interrupted by a broad funnel for the entrance of 
the siphuncle. The two branches of the siphonal lobe, which are very shng ly  in- 
div idded ,  are longer than any of the f o l l o ~ g  lobes. Eaoh of t h w  two b r a n c h  
is provided with a secondary indentation. The principal lateral lobe is bipartite. 
All  the following lobes are tripartite. The two branchea of the principal lateral lobe 
are quite syrrunetrically arranged, of equal length, and terminate in sharp poink 
In the following lobes the central indentation is the largest, but the two lateral den- 
tations on each side are as a rule, not symmetrical. 

There are seven auxiliary lobes present. 
The saddlee are club shaped, and evenly rounded above. They regularly dimi- 

nish in she from the siphonal saddle in the direction towmds the umbilical suture. 
This is s type of sutures, to which the term ''4 " as propwed by Blake,' might 
be advantageously applied. 

I n  Iater stages of growth a further complication of the sutural line is indicated 
by the development of an aoc888ory indentation in each of the two branch- of the 
principal lateral lobe. The trifid temimtion of the following lobes remains however 
unchanged. This charwter of the sutural line is clearly developed in the fragment of 
an outer whod, the height of whioh can scarcely have been less than 46 m m  AB 
this fragment is entirely ohambed, Che species seems to have attained a rather 
remarkable size. 

Number of 89ecirnens examilzed.--1, 
Remarks.-Among the Sicilian speoies of the subgmua Stmheobemce the prmnt 

one is most nearly allied to St. Tietzei, Gemmellaro, from which it chiefly difFers bp 

8 1. F, Blaks, on the bsses of the olrslification of Arsmoniter : Proa. Qd. Ars., XIII, pt. ii, 1889, p 8 
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the absence of' varices, and by the shape of the lobes, whioh m Gemmellaro's species 
exhibit a bipartite termination. Regarding the character of the sutural line, my 
Tibetan specimen approaches mare nearly St. meditewawwm, Gem. In both species 
the siphonal lobe stands deepest and is of an exactly similrrr shape, the principal la- 
teral lobs is bipartite, while the remaining lobee show a trifid termination. The 
only difference consists in the presenoe of a small aocessorial dentation in the outer 
branch of the principal lateral lobe in St. naediter~alzezcm. In their external charac- 
ters however the two species differ more strongly, the Sicilian form being provided 
with a comparatively large and funnel shaped umbilicus. 

Regarding the development of the sutural line t h e  is no species more nearly 
allied to the present one, than Stacheoceraa Kramnopolakyi, Kq.', (= Waagenirra 
ezcbinfes.ruptca, Krotowa) from the Artinskian sandstones of .Russia. Zn St. Kraeano- 
polskyi the principal lateral lobe is bipartite and the second lateral lobe tripartite, cor- 
responding to a height of the volution of 4 mm. Corresponding to a height of the 
volution from 7 to 10 mm., accessory dentations are developed in the branches of 
the principal lateral lobe. The number of lateral and auxiliary lobea together is six. 
From a comparison of the development of the sutural line in both species it dearly 
results, that the siphonal and principal lateral lobea show a bipartite afirulgement, 
each of them gradually developing accessory dentatione, whereas in a l l  the follow- 
ing lobea the tendency of a, tripartite differentiation prevails. 

A similar character of the sutural line has b&n noticed in Stacheocerccs ParKeri, 
Heilprin (Proo. Acad. Nat. Sci. Philadelphia, I, 1884, p. 63, fig. 1-2) from the perme 
carboniferous rocks of T e w ,  and in Stacheoceraa up. ind. ag Par&et-i, Kazpinsky 
(MBm. Acad. Imp. Bci, 8t. Pefiembourg, p. 75, PI. V, fig. 6) from the Artinskian 
deposits of [Rurssia. It is a pity, that only incomplete fragments of till these species 
have hitherto been discovered, as the largest specimen of St. Eraeanopolekyi reaches 
a diameter of scmcely more than 20 mm. A comparison of outlines with Stacheo- 
ceras Trirnurti is theref ore of very little use, as the globose shape of the Russian 
form may be peculiar to young individuals only. 

I n  the Indian zaogeographioal fegion the subgenus Xtacheoceraa is represented by 
three species, the present one from the permocarboniferous rocks of Chitichun No. I, 
St. antipzcum, Waagen, from the Jabi beds of the upper Produdus limestone of the 
Salt Range, and St. tridens, Rothpletz8 from the permian rocks of Timor. From 
the two later species St. T h u r t i  is easily distinguished. fit. antipzczcm, Waagen (Salt 
Range fossils, I, p. 28, P1. I, fi . 10 is more strongly compressed, md its lateral 8 ) :  and auxiliary lobes are al l  provlded wlth a tripartite termination. I n  St. tgdenu 
not only are the auxiliary and lateral lobes tripartite but even the siphonal lobo 
exhibits a trifid termhution in each of its two branches. 

A. X,pirukyB Ueber die Armnoneen der Artiniak-8tufe : M6m. Acad. I m p .  Boi., St .  Pdtereboarg, ser. din 
XMVII ,  No. 2, U87, p, 73, PL V, fig. 10. 

' d. l Z ~ @ n r k y ,  Zar Ammoneon-Fauna der Artinak-Me ; MBleagee geol. at  pal. tialn da Bull. A d .  I m p  
Boi., 8t. PBtmbourg, I, 20 Nov. 1890, p. 76. 

' A -  ~ o t h p k ~ z ,  Die Perm-Trim-nnd Jm-formation a d  Timor und Rotti : Pekeonbpphioo, XXXIX, 1898, 
IX, fig. 4, p 87, 
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Class : LAMELLIBRANCHIATL 

Order : ANI80MYAR,T& Neumayr. 

Family : PBCTJTNIDB, Lam. 

Genus : AVIOULOPEC'I'EN, M'Coy. 

Only the cask of a left valve is available to me for desoriptioa My determ'ms- 
tion as Bviozllopecten a f .  jlcbientti is based on the fact, that this shell appears to be 
more nearly afied to this Sdt  Range species,' than to any other form of the present 
genus. Bn identification is, however, impossible, Waagen's species itself having 
been founded on a, fragmentary specimen, with only the inaide of its left valve 
p~e88rved. 

The general outline of the slightly inflated shell is nearly circular, with continuous 
margins, and of equal height and breadth. The apex is about median in its position, 
shifted but very slightly tow& the anterior portion of tibe valve, and but slightly 
prominent. It is limited on both sides by very unequal wings, the anterior of which 
is distinctly marked off from the remainder of the shell. The anterior wing is com- 
paratively s d ,  although its exact size cannot be made out, its most prominent por- 
tion having been broken off. The posterior wing is very large, nearly fiat, and 
limited on its upper side by a long and straight hinge lina It is broadly emm@nated 
along its posterior margin and terminates in a sharp point, which projects somewhat 
further than the most prominent point of the posterior shell margin. 

The sculpture consists of numerohs (20 to 30) radiating ribs, which are broader 
than the intercostal depressions, separating them. Neither dichotomous, nor interca- 
lated ribs have been observed. They increase considerably in b d t h ,  as they 
approach the ventral margin. The majority of them seems to be slightly carinrtte. 
The two wings are perfectly smooth. Delicate strise of growth, extending parallel 
to the margin, are occasionally visible as impressions on the cast. 

My specimen is of very small dimemiom. Its measurements are as follow8 :-- 

Entire length of the he l l  . . . . . . . . . .  11.5 mm. 
., height , . . . . . . . . . . . . . . .  10 , .. Tbioknm of the left valve . .  app. 1 

Length of the hinge line, probably . . .  10.6 , 
B p i 4  angle without the winga . . . .  about lMO, 

A p a ~  from its smaller dimensions, my specimen is very similar to A. jabiensie. 
The two fo rm agree perfectly well in their most dharacteristic featuras, air., in the 
outlines, in the general character of the sculpture, and in the development of a very 
brge and pointed posterior wing. 

A W. Waages, Salt Banp fwsilr : Pd. India, ser. sii, I, M o o t u n  L i m w  fossil& p. 308, PL XXIII, %. 2. 
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Blight ZEerences are observed in the detaih of the sculpture. In particular the 
apparently carinate shape of the broadly vaulted ribs seems to be absent in the Sdti 
Brrnge species. The left valve of the true Aviczclopecten jabien&, moreover, seems 
to be still less inflated, so far as one may judge from Waagen's figure. Ia 
spite of these differences I do not think the specimen under consideration worthy 
of a proper name, although its identity with Aviculopecten jabieds  is impro- 
bable. But the discovery of better materials, both of the Himtilayan shell and of 
the Salt Range speoies, must be awaited for, before anything positive can be stated 
in this mtter .  

Number of specimem exmhed.-1. 
Bemwk8.-Waagen considers Aviczclopecten indianensis, Meek and W orthen, 

from the Keokuk group of North America as the probable ancestor of A. j a b i e 4 .  
The single fragmentary specimen, on which the latter speciea has been founded, was 
collected by Waagen in the Cephalopoda b& of the upper Productus limestone. 

Regarding the generic position of AviculopeQten I refer to the description of 
A. hiemalis, Salter, in part 4 of the present volume. 

This is the only specimen of lamellibranch in the oollections from the lime- 
stone 01% of Chitichun No. I, which is worth noticing. All the rest me so badly pre- 
served, that no specific description of them can be given. 

MOLLUSCOIDEA. 

Class : BRACHIOPODA. 

Order : TESTICARDINES, Bronn. 

Family : PR OD UCTIDB, Gray. 

Subfamily : PRODUCTINB, Waagen. 

Genus : PRODUCTUS, Sow. 

The genus Productus takes the most important part among the fossils of the 
permocarboniferous limestone crag of Chitichun No. I, in the number of species, 
although, as regards the number of individuals, some species of Athyris (Spid- 
gera) are the most frequent. 

mere are altogether nine different species, which must be attributed to thb 
genus. Among the subdivisions of Producttro, established by L. de Koninck, and 
partly emended by Waagen, five are represented among the fauna of Chitichun 
No. I, viz. tbe groups of lineuti, oemirethukcti, 8pjlbOtti, fimbriati and irregzclaree. 
Although these groups are quite artificial, having been baed a h m t  exclusively on 



th6 e x t e n d  eculpture, I am obliged to accept them in the following claeeifioation, as 
I do not know of any other, baaed on more aound principles. 

A o M e d  1% of the Produeti, which have been collected by our expedition in 
the p e r ~ b o n i f e m u s  limestons crag of Chitichun No. I, is dram up in the follow- 
ing wheme :- 

I. SEC!PION. LINEA!L.'I. 
a. Onoup OF PRODUCTUS NEPFEDIBVI, Vern. 

1. P. Zineatwa, Waagen. 

6. GBOUP or PBODUOTUS OOREUQATU~, MJCoy. 
3. P .  Cora, Orb. 

e. OBOUP OF PRODUOTUB BEMIBITICULATUS, Mart. 
3. P. r~nrireticylatus~ Mart. 

4. P. blioisnrir, @Orb. rat . ,  ~Aitichrtaensir, nov. vmr. 

' 111. SECTION. SPMOSI. 
f. GBOUP OF PB,ODUUTUB CANCBINI, Vern. 

7. P. canm'nifornrir, Tschern. 

g. GMUP OP P B O D U ~ U B  HUMBOLDTI, Orb. 
8. P.  dbichi, Waag .  

V. ~EC'MON. IBREGUI&%ES. 
A. GBOUP 01 PBODUCTUS STRIATUB, Hsch. 

9. P. r~rongolicnq nw. ap. 

The majority of speciee, contained in this list, are identical with such, as occur 
in the Produdus limestone of the Salt Range, especially in its middle division. 

a. GWUP OE PRODUCTUS NEJWEDIEVI, Vern. 

1. P a o ~ u c ~ u e '  LINEATUS, Waagen. PI. IV, fig. 2 a-c, 3 a-d, 4 a-d, 6 a-d. 

186%. Produdau Cbra (d'Orbipy), Dmvibn, Quert. Jam. GeoL Boa, XVIII, p. 31. 
1876. P. cwa, (Orb), 'hutrohold, Din Kakbriiohe von liatschkowa, P1. V, fig. 1, p. 63 (ayn. exclir). 
188rL P. linsatw, Weagen, Pal. India, aer. xiii, Salt Bonge Fossilr, I, Prodnotno Limeetone Forrils, 

Pl. LXVI, fig. 1, 8, Pl. LXVXI, fig. 3, p. 613. 
1888. P. Zimuatcw, Tsebornpoh,  Xem. Corn, Qbol. Baer,, St. P6hbourg, 111, No. 4, p. 372, P1. VII, 

fig. 88,27. 
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1890. P. Zineatuu, likitin, M6m. Corn. Q6ol. Base., St. PQtorebourg, V, KO. 6, p. 168. 
1892. P. liseatus, Sohellwien, Die' fauna des Karniochen Fnsulinenkalks, Pahtographice, XXXIX, p. 21, 

PI, I, fig. 16-18, IIr, fig. 1. 

This species, which is not rare in the permo08boniferou~ limestone crag of Chiti- 
ehun No. I, agrees well with the figures and desoriptions given by Waagen. As has 
been pointed out by this lamed author, the shells, united formerly under the deno- 
mination of Productecs Cora, may be conveniently divided into two series of form, 
one with a median sinus in the visceral region, and another without any median sinus. 
Our Indian species belongs to the first group, of whioh P. Nefedieoi Verneuil (Geo- 
logie de la Russie d'Europe, Vol. 11, Paleontologic, p. 269, P1. XVIII, fig. 11) 
is considered as a prototype. 

My specimens vary very considerably in size and outlines. They never 
attain as large dimensions as Waagen's types from the Sd t  Range. !Che largest (Pl. 
IV, fig. 4) scarcely exceeds in this respect Schellwien's d l e r  types from the car- 
nian Fusulina limestone. Specimens with an elongahly oval outline are quite 
an exception. As a rule, the length and breadth of the ventral valve are nearly 
equal. Some of my specimens even exhibit a strongly tramveme outline, re- 
calling in this respect the North American Productue multistriatw, Meek (Rep. 
geol. expl. fortieth parallel, Washington, 1877, Pt. I, Palaeontology, p. 76, PI. 
VIII, fig. 3) from which they diff'er by their more shallow sinus. 

The ventral valve is always h n g l y  inflated. I n  one of my specimens the later- 
al parts expand considerably, below the level of. the hinge line, as hm been 
described by Tnrutsohold and Waagen in specimens from Russia and the Salt 
Range. 

The median sinus of the ventral valve is never strongly marked, although in the 
majority of my specimens it is distinctly developed. But there are certainly transi- 
tional forms between this speoies and P. Cora, whose only difference seems to 
be the entire absence of any median sinus. While there are such transitional forms 
between Productus lineatas and P. Cora among my speoimens, no similar ones 
seem' to exist between the present species and P .  Weyprechli, Toula (Kohlenkalk- 
Fossilen von der Siidspitze von Spitzbergen, Sitzgsber. Krtis. Akad. Wiss. Wien, 
math. nat. C1. LXVIII, November 1813, p. 13, P1. V, fig. 2, 3, and Kohlenkalk- 
und Zechstein-Possilien aus dem Hornsund an der Siidwestkilste von S pitzbergen, 
ibid, LXX, 1874, p. 6, fig. 4) or P .  impressua, Toula (Permooarbon-Fossilien von 
der Weotkiiste von Spitabergen, Neues Jahrbuoh, 1876, p. 236, P1. V, fig.l), in 
which the median sinus is always considerably deeper, than in any other species of 
the group of Productue Nefedieci, 

The sculpture consists of n u m e m ,  delicate, radiating, straightly desoending 
striae, which are occasionally interrupted by irregularly distributed tubercles. It is 
the presenoe of these tubercles whioh servm for a distinction of P. lilaeatua from 
the very nearly d i e d  P. Nefedievi. I am, however, bound to observe, in agree- 
ment with Nikitin, that transitional forms between the two species seem to exist, = 
in some of my speoimsns the number of tuberoles is but very small. Nor is ths 
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eonoentrio soulphire of the wings a constant dmnwtsr, the fol& being of a very w 
equal' strength in different specimens and' beooming even quite indistinot, 

!he dorsal valve is not known to me. Nor are the internal c h a r a h  of the- 
shell woessible in any of my speoimens. 

The measurements fromthe largest speoimen (fig. 4i), are approximately, m 
follows :- 

. . . . . . . . . . . .  Length of the shell 26 mm; . . . . . . . . . . .  Breadth ,, ,, ,, %,. 
Length of the hinge line . . . . . . . . . .  24 1. .. . . . . . . . . .  TLickoese of the ve~&relvalvo 14 

It has been suggested by Nikitin, that the internal oharaotem of the Nusoovian 
types of P. tineatus might perhaps differ from those Q£ the Salt Range form. But 
as Nikitin himself does not give a detailed deecription of the internal etructure of 
his specimens and, notwithstanding his own statamant, accepts P. tineatus as inter- 
preted by Waagen, there is, for the present at least, no sufficient reason for a specific 
separation of the Russian and Indian types of the species. 

Number of apecimelas examimd.- 8, 
Remarks.-Productus lineatus is a species of considerable vertial distribution. 

I t  has been mentioned by Waagen from the lower Produdus limeetone, where it is 
however very rare, from the Virgal and Kalabagh beds of the middle Productw 
limestone, and from the upper Productus limestone. In  Russia the species occurs 
both in the Muscovian and Gshelian stage of the central ooal basin, in the 
Fusulina limestone of the Ural of upper carboniferous age, and in the p e r m  
carboniferous Artinskian marls. By Schellwien the speoies is quoted from the 
C a d a n  Fusulina limestone of the Krone in Carinthia, of upper oarhoniferous age 
(Gshelian stage). 

bd GROUP OF PRODUCTUS CORRUGATEJS, M'Coy. 

2. PRODUCTUS COBA, d'0rbigng (P. PRATTENIANUB, NWW. and Prat.). P1. IV,. 
fig. 1. 

1042. Productus Cora, d'orbigng, Voyage dane l'Am6riqne MBridionde, 111, pt. iv. Pal6ontologie, p. 66, 
P1. V, figs. 8, 9. 

1854. P. Prattunianus, Norwood and Pratten, Joaro. Aoad. Net. hi., Philadelphia, eer. ii, IIL p. 17, 
PI. I, fig. 10. 

For list of further eynongme, see Wasgeo, Pal. Indiw, ser. xiii, Halt h n g e  Pose&, I, h o h o t n a  Limestone 
Fossils, p. 027, to whioh the fdlowing.mnst be mdded - 

1862. Productus Cora, Miiller, Journal den Mines, St. PQtenboorg, p. 179, Pl. 0, fig. 3; 
1866. P. h p a r i w ,  Trantwhold, Boll. Soo. Imp. Net. Mosoan, XL, P1. V, fig. 1. 
1889. P. Cora, Tsehernjsohew, Mh. Com.OBo1. Bum, St. PBtersbourg, 111, No. 4 p. 888. 
1992. P. Cwa, Sohellwien, Die Eauna des Karnischrn Fuwlinenkdks, Palreontographim, XXXIX, p. 81, 

P1. 111, fig. 3. 

With the present speoies I identify two ventral valves, whiah do not exhibit any- 
trace of a median sinus, and by this character difEer remarkably from P~oductccs 
lineatw. The presence of a few hegularlg scattered spines on the surfaoe marks 
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my speoimens .as specXoally distinct from P. corrugdw, M'Coy (Synopsis of the 
characti;ere of the Carboniferous Limestone Fossils of Ireland, P1. XX, fig. 13, 
p. 107), which otherwise shows the same configuration and the same inflation of the 
ventral valve, Traces of indistinct spines may also be observed along the hinge 
line. 

My specimem are of nearly equal length and breadth, so far as this a n  be 
made out in their incomplete state of preservation. They are provided with toler- 
ably spread out wings. Their hinge line corresponds to the gratest breadth of 
the shell. 

Conoentric folds or wrinkles are but quite indistinctly developed. The oharac- 
tar of the radiating strim, which cover the surface of the valve, is exactly the same 
as in Productus litzeatw. 

The specimens are smaller than the largest types of P. lineatue from Chitichun 
No. I. The figured specimen is about 18 mm. long, 20 mm. broad, and 12 mm. 
thick, but it is barely possible to give exact measurements, as it has not been pm- 
served entire. Neither the dorsal valve nor the internal characters are accessible to 
observation. 

Nwmber of s~ecimane examined.-2. 
Berna~k8.-Wartgen refers the American Prodzcctus prattenianus, Norw. and 

Pmtt., to the true P. Cora, but considers the Russian P d .  Cora, M6Uer, ae 
specifically distinct from d'orbigny's species. Tornquist (DM fossilfuhrende Unter- 
mbon  am bstlichen Rossbergrnassiv in den siid-Vogesen, AbhandL zur geologischen 
Special-Karte von Elmas-Lothringen, V. Heft 4, Strassburg 1896, p. 62) likewise 
asserts that the true P. Cora is probably altogether wanting in the clarboniferous 
strata of Europe. 

The Russian authors, who 'have been working out recently the description of 
the younger palaozoic faunas of their country, do not, however, follow this view. 
Tschernyschew positively asserts that the Russian examples cannot be distinguished 
from P. Cora, and that they will consequently require to be added to the synonyms 
of d' Orbigny's species. 

. 

Productue Cora, if taken with the definition attributed to this form by the 
Russian geologists, is a species of a rather wide geographical and geological distribu- 
tion. In  Russia, it has been found in the Noscovian stage, in the upper Fusulina 
limestone of the U d  where it is the leading fossil of a special horizon, and in the 
Artinskian stage of perm~boniferous age ; in America in the coal measures of the 
Mississippi valley through the whole thicknw of which it ranges1, and in the 
carboniferous and pennocarboniferous strata of Missouri, Nebraska, Yarbichambi 
(Bolivia), and Itaituba (Brazil) ; in the Salt Range it occurs off and on through the 
whole vertical extent of the Productus limestone but most numerously at the very 
base of the f o ~ e r o u s  lower Productus limestone. It baa been also obtained by 
Bchellwien from the CaFnitan Fusulina limatone of upper mboniferous age. 

Meek in CL King's Exploration of the 40th @ed, Vol. IV, p. 72. 
D 
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c. GROUP OF PRODUCTUS SEMIRETICULATU8, Mart. 

3. P ~ o ~ u m u s  S E ~ ~ ~ R T I C U L A T U S ,  Martin. P1.11, fig. 1,3, 6, Pl.III,l, 2, 

1809. Anorniter remirdicdatw, Martin, Petrifioata Derbyensb, PI. XXXII, fig. 1,8, PI. XXIII, fig. 4. 
1 8 4 .  Productw remi&iouEatw, de Vernenil, G k l ~ g i a  de la R u d e  d ' E ~ p e ,  Vol. 11, PalBontol~gie, PI, 

XVI, fig. 1, son PL XVIII, fig. 9,10, p. 266. 
1847. P+odwtw semireticulatur, L .  de Koninok, Monographic des genrer Pr~duotns et Chonetes, P1. V I I I ,  

fig. I, PI. IX, fig. 1, P1. X, fig. 1, p. 83. 
1863. Produotw remiwticuZatw, Davidson, Monograph of B r i u  Csrbonifmua Bmhiopoda, p. 109, PL 

XLIII ,  fig. 1-11, PI. XLIV, fig. 1-4. 
1874. Produetw remireticuZatus, Meek ead Hayden, Final Beport of the U. 8. C h L  Survey of N e b m b ,  

p. 180. PL V, fig. 7. 
1874 P. remiretic J a t w ,  Derby, Cubonifmas Bmhiopodrr of Itrituba, Bull. Cornell University, I t h a ,  

I, No. 2, p. 47, P1. IV, fig. 8, PI. VI, fig. 18, PL VII ,  6gs. 6, 6, 7, 16. 16. 
1876. P. wnircticulduu, Tonla, Permotarbon-Fossilien von der Wertkiirte V O ~  Spitrbergen, Neum 

Jahrbnob, p 234, PL VI, fig. I a, b, 0 (son d). 
1876. P. sendreticulatw, Rsntffihold, Die Kdkbriiohe ron Mistechkowa, PI. V, fig. 8, p 66. 
1877. P. rernireticulotw, Meek, Clarenae King, Beport, of the W o g i ~ l  E q h t i o n  of the fortieth puallel , 

Val. I V ,  P h n t o l o g y ,  p. 69, PI. VII, fig. 6. 
1883. P. remiretiodcrtw, Kayeer, O k b o n i w h e  Fan= von Loping, Biohthofsn'r China, IV, p 181, PI. 

XXV, k. 1-4. 
1884 P. r e m ~ r d c i d d u s ,  W q e n ,  Pal. Indioq m. 8.lt h n g e  Foreila, I, P r o d u o t ~  Ihnatone foenib, 

p. 679. fig. 22 a, b, a 
1889. P. asmirsticrlatw, Tmhernyffiher, &m. Corn. Qeol. BUM., St. PBtenbonrg, 111, NO. 4, p. 878. 
1890. P- .em+eticulatw, Walther, Ueber eille Koblenkalk-Fauna aua der rsggptirah-bi~hen Wbb, 

Zeitschr. Danteahe Ueol. Ueaellaah.. XLII, p. 433, P1. XXVI, fig. 8-11. 
1889. P. Mnirdidutw, Sohellwien, Die Fan- dee Karniffihen Fusnlinenkalks, Pdsoatognphica, XXXIX, 

p. 28, PI. 11, fig. 1-3. 
1892. P. r e m i r d i d a t w ,  Rothpletz, Die Perm- !Friar- nnd Jam-formation a d  Timor und Rotti, Palmonto- 

graphioa, XXXIX, p. 77. 
IS94 P. semireticdatur, Sohellwien, Ueber eine angebliohe Kohlenkdkfanna sue der egyptimh-urbimhm 

Wibte, Zeitsobr. Deutsahe Qeol. G m M .  XLVI, p 73. 
1896. P. reairrtimlcktrta, Tornquiet, dm forsilfiihrende Unterrsrbon am ostliohen Bossberg-&miv in 

den eiid-Vogesen, Abhsndlgn. snr Qeol. Spwial-Karte ron Eks-Lothringsq V, Heft 4, p. IJQ 
PL XIV, fig. 10, la. 

This well known, extremely characteristic and far spread species of the genus 
Productue is very numerously represented in the permocarboniferous limestone of 
the Chitichun crag. The preceding list of synonyms might easily have been enlarged 
oonsiderably, but the quotations given in respect to the present species, are mdlicient 
to prove that it is the true P r o d u c t e t e  uemireticutatue, with whioh my specimens, I 
believe, must be identified. 

Notwithstanding the variability of the shella belonging to this speoies, their 
principal featurea are always suffioiently oharacteriatic, to make their distinction 
comparatively easy. The majority of the specimens belong to the group of strongly 
sinuated varieties of P. se~nireticutatue, which in strata of upper oarboniferous 
and pennocarbonifemus age considerably predominate over the types with a shallow 
median sinus. Nevertheless the latter shape, which closely reeembles the typical 
f o m  of the species, is not altogether absent. The specimen, figured P1.111, 0g. 2, is 
a representative of this p u p ,  being provided with a very shallow, indistinot depres- 
sion along the median portion of its ventr valve. This depression extends only aa 
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far as the visoeral part, but lower down disappears almost entirely, as in Davidson's 
.type specimen (Pl. SLIII, fig. I).' 

The shape, which is most frequently met with among my materials of this 
speoies from Ohitichun No. I, is the specimen figured P1.11, fig. 1. 

I n  its general outlines it resembles most closely the types of P. serniret&utatue, 
collected by F. von Richthofen near Loping and figured by Kayser, or Trautsohold's 
specimen from Miatschkowa, whose dimensions, however, it considerably exceeds. 
It is tralisversely oval and is provided with a hinge line, which is shorter than 
the greatest breadth af the shell. The ventrtil valve is moderately vaulted. Its 
aurioulate expansions are distinctly developed, but are not produced beyond the lateral 
margins of the valve. The beak is strongly incurved but overhangs the hinge line 
but slightly. The apical region is reticulate. The reticulate sculpture extends 
for a distance of 65 mm. from the apex, measured along the curve, or across two- 
thirds of the length of the valve, excluding the trail. The radiating ribs, which. 
mver the frontal and lateral p h  of the shell, are rather regularly disposed and 
of nearly equal thiokness. !l'here are from 6 to 7 ribs within the space of 10 mm. 
The larger number of ribs are simple. Bifurcating or intercalated ribs are quits an 
ex&tion. The number oi spines is very limited. All my speoimens agree prettg 
well in thia respeot. If m y  spines do oocur, it is upon the wings, in the vicinity of 
the hinge line. 

The doml valve ie moderately eoncave. A flat median fold corresponds to the 
sinus in the ventral valve. Its ornamentation is exactly of the same character, as 
in the speoimen figured by Walther from the upper carboniferous limatone of the 
Egyptian desert (Pl. XXV, fig. l l b ) .  

The mjority of the examples, more or lass, closely resemble the specimen 
under consideration. Between this typical form of P. sernireticulatus from the 
Chitichun limestone and the rest of the specimens differences are perceptible, with 
regard to both shape and sculpture. Some of them exhibit a very strong geni- 
culation in the lower portions of the two valves, but in the majority the ventral 
valve, at leaat, is simply semicirculrtrly curved. Their outlines are rather variable 
although not a, single one is elongately oval. In  one the greatest breadth of the 
shell is nearly twice its length, whereas in another the differenoe between these 
two dimensions is only insignificant. 

Another character of variability is the depth of the sinus. The presence of 
form with a shallow sinus, recalling the typical form from the carboniferous 
limestone of Belgium and England, haa been mentioned in the preceding description 
of the species. Between this form (PL III, fig. 2), and the specimen, figured 
P1. 111, fig. 1, every degree of intermediate shapes may be observed. The latter 
example is cbracterised by its extraordinarily deep sinus. In this respect it may 
be compared to P. semireticutatus var. bathykotpos, Sohellwien (Pabontographica, 
XXXIX, 1892, P1. 11, .fig. 4-10, p. 22), from the upper oarboniferous FULJ* 

Similar rpeoimene have been mentioned by Kirkby from the odmea8nree of Fife es Productw remiretiow- 
Zutwr var. Y~rtini. (OD tha ooourrenoe of m i n e  f a &  in the ~ ~ r u s s  of Fife : Qusrt. Journ. GeoL b, 
don, XLIV, 1888, p 760). 

D 
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ventral valve, the deep sinus, the transversely elongated shape, and the presenoe of 
the distinctly defined, strongly dilated ears have been enumerated by L. de Koninck 
(Mem. 800. Roy. Sci., Libge, IT, p. 177, P1. VIII, fig. 2, and Monographic des 
gem Produotus et Chonetes, p. 77, P1. VIII, fig. 2 a, b, c), who based his diagnosis 
on d'orbigny's type specimen from Yarbiobmbi (near lake Titicaoa). 

The last mentioned c W e r  seems to be the most important one. Sohellwien 
(P&ontographioa, XXXIX, p. 23) lays a special stress on this remarkable feature, 
although he quotes P. bolivheie only among the varieties of P. semis.eticalafas. 
Nikitin (MBm. Com. Ghl.  Rum., St. P6tersbourg, 1e90, V, No. 6, p. 67) likewise 
considers the '' very large wings," combined with the involute &ape and the deep 
sinus, a character of speuifio vdue, which permits the separation of P. bolivieneis 

I 

from P. semireticutatus. Griinewaldt (Beitriige zur Kenntniss der sedimentiiren 
Gebirgsformationen elk. MBm. Acad. Imp. Sci., St. PBtarsbourg, 1860, ser. vii, 11, 
No. 6, p. 119) in his description of a Prodactus from Saraninsk, whioh he idenWes 
with P. eemireticalatas, expressly remarks, that this form is distinguished from 
Martin's species by distinctly defined, strongly expanding ears, a charaoter which 
has never been detected in the true P. scmketicutalua. He further states that he 
would undoubtedly have compared this Russian form to P, botiviensis, had not 
the presence of transitional types between the former and the true P. semireti- 
culatus prevented him from doing so. 

Thus palmntologists are far from unanimous with reference to the specifio or 
varietal rank of P. boliviensis. I am, however, inclined to believe that both 
L. de Koninok and Nikitin are substantially correct in separating this species 
from P. semiretaculatue, on account of its remarkably fe l l  developed aurioulate 
expansions, whereas the other chaFacters of distinction, enumerated by the above- 
mentioned authors, appear to me of only somewhat slight importance. 

Among the material from Chitichun No. I a considarable number of specimens 
are I think, most nearly allied to d'orbigny's P. bo tdviensis. They differ from P. 
eemireticalatw, whioh is, however, the more common species in the Chitichun 
w, by their smaller size, the strongly transverse shape, a more delioate sculpture, 
but especially by the presence of unusually expanded ears. The ears are more or 
less distinctly marked off from the reminder of the shell and recall the wings of 
P. giganteus, Mart. llhey are inflated, slightly emarginated and obtusely rounded 
at their extremities. 

Both the curvature of the profile and the depth of the sinus are aa variable as 
in P. semi~eticulat~s. The ventral valve, figured PI. 11, fig. 4, resembles closely 
Nikitin's type specimen from Gshel. (loo. cit. P1. I, fig. 4). I t  is strongly in- 
rolled, with a slightly flattened space not far from the apex, which extends almost 

far as the reticulate portion of the valve. It is provided with a deep median 
sinus, whose shape seems to have been somewhat altered by pressure, and with a, 
distinctly prominent beak. I n  the specimen, figured PI. 11, fig. 2, the prome of the 
ventral valve is less strongly curved, and the sinus but shallow. The unusually 
expanded ears r e d  the figures of P. giganteus, given by L. de Koninck on P1. I1 
of his monograph of the genera Productus and Chonetes. 



A third specimen is mu& more strongly idbted than the two figured t p .  
Its ventral valve is regularly vaulted, and of a simple semiglobose shape, like 
dsOrbigny's type specimen of P. bolwiensis, or the Russian examplea from Saraninsk, 
described and figured by Griinewaldt (loc. cit. Pl.II1, fig. 1). 

In the Tibetan specimens the sculpture is much mom delioate than in typee of 
P, eemireticulat us of the same size, and also more delicate than in any of the figures, 
which have hitherto been given, of P. bolivieneis. - 

The longitudinal ribs are less thick than in Nikitin's type speoimen from Gshel. 
They occur to the number of 12 to 16 to a space of 10 mm. at least in the vioinity 
of the front margin, where they augment considerably, mostly by bifurcation. I n  
the reticulate portion of the valve about ten longitudinal striae occupy a breadth 
of 10 mm. They are but slightly surpassed in width by the oonwntrio wrinkles. 
The longitudinal ribs are occaaiona,lly flexuous. The spines are irregularly scat- 
tered on the surface of the shell and of unequal size. 

The large number of longitudinal strim, which, according to the figurea given 
by L. de Koninck and Nikitin, do not seem to agree with the true avertbge chaxacteFs 
of d'orbigny's species, may be found a sufiicient muon for distinguishing my Tibetan 
examplea by a proper varietal denomination. I think, the name P. bolitdtzuis 
var. cidtichuneneie might be advantageously retained for them, in order to mark 
their sufficiently well defined di£Eerences from d'orbigny 'a ty pica1 f om.  

The doml valve is strongly concave. A shallow median fold is not always pre- 
sent. Both in its shape and sdp ture  it is very similar to the d d  valve in P, 
eemireticulatus. 

The measurements from the specimen P1.11, fig. & which are however approxi- 
mate only, on account of its incomplete state, are as follows :- 

Length of the shell in r rtraight line . . a a a . rpp. 26 mm. 
9s ,, dongtheonrve . . . . . 66 ,, 

Qreatert breadth of the shell . . , . . . . . . 68 ,, 
Thioknem of the ventral valve . . . . . . . 19 ,, 

The internal charactem of this species are not known to me, nor can I find my 
notice of them in the desoriptions of the abovementioned authora. 

Number of epecimens ezamiwd. -6. 
Bemark%.--In his monograph of the permian and mesozoio fossils from Timer, 

Rothpletz described and figured two speoimens of a Productw, which certainly belong 
to the seotion of semirelictslccti, but differ from the true P. remireticzcZattu, by 
their much more delicab ornamentation, 12 to 16 radial strim occupying a spaoe 
of 10 mm., i.e., nearly twioe as many as in Martin's species. Rothpletz, although 
oonsidering this Produclue to be a proper sp i e s ,  quotes it only as Productuo sp. 
ind. on account of the incomplete state of his specimens. I am inolined to 
believe that this species may prove identical with my Tibetan variety of P. bdioi- 
ensie, but the fragments from Timor am too imperfectly preserved to establish their 
identity with full certainty. 

The geographical and geological distribution of the true P. bolivienms is but 
imperfectly known. The speoies has been mentioned from the coalmeasurea of 
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Yarbiohambi in Bolivia and of IEssouri (Norwood and Pratten), from the upper 
carboniferous limeatone of Central Russia and of the Ural Mountains (Tsoherny- 
whew), and from the Axtinskian horiaon of permocarboniferous age. 

d. GROUP OF PRODUOTUS COSTATUS, Sowerby. 

6. PRODUCTUS cf. SUBOOSTATUB, Wmgen, P1. 11, fig. 6 a, b, c. 

1884. Produefvr rubeorlatur, Weagen, PaL Indim, Mr. xiii, Salt Bange Foneilr, I, Prodoctan Limestone Fohls, 
p. 686, P1. LXVII, figs. 4,6, P1. LXVIII, flgr. 1,2,  PI. LXIX, fig. k 

The rather badly preserved cast of a dorsal valve with a portion of its trail 
which is alone available for description, agrees pretty well with the figures of the 
p~esent species, m given by Waagen. An identification is however not possible, 
on account of the insuffioiency of the material. 

As it is the cast of the valve which is represented in the figure, ib shape and 
sculpture are just the reverse of what they would be if the shell were visible from 
the outer side. If we describe it as from the outer side of the shell, it exhibits a 
transversely elongated, regularly concave shape, with a blunt geniculation marking 
off the trail from the remainder of the valve. A median fold is distinotly developed 
in the frontal region of the visceral part and extends over the trail, apparently 
corresponding to a deep and rather narrow sinus in the ventral valve. 

The wings are flat and distinctly separated from the visceral part. They are 
covered with ooncentrio wrinkles, which contrast 'sharply with the strong radial 
plications of the trail. There are 28 radial ribs present. The visoeral part of the 
valve is strongly reticulate. The figure 60 gives a tolerably clear idea of this sort of 
sculpture. The deep grooves along the inner margin of the wings, which Waagen 
considem ta be the most singular feature in the dorsal valve of P. subcostatue, are 
distinctly indicated. 

As the present shell agrees in every respect with P. 8ubcoatactue, I think myself 
justified in provisionally attributing it to Waagen's species, without venturing 
however to pronounce it identical with the Itatter. 

Remark8.-P. subcostatus has been colleuted by Waagen in the Virgal beds of 
the middle Productus limestone and in the Khund ghat beds of the upper Producttue 
Limestone of the Salt Range. It is a rare species and has not as yet been discovered 
outeide the Punjab. 

e. G a o u ~  OF PRODUCTUS POBTLOCKIANUS, Norw. and Pratt. 

Uf35. Produatur remireticrrldur (Mert.), Beyriob, Ueber eine Kohlentalkfeunrr ron Timor, Abhsndlgu. 
I(. A M .  Wirs Berlin, 1864, P1. 11, 6g. 2. 

).8&& Prod. gratwrur, W w n ,  Pal. Indioa, Mr. xiii, Salt Range Foerile, I ,  Prodoctlu Limestone Fowib, 
p, 691, P1. LXXII, figs. 3-7. 
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1892. Prod. gratiorun, Bothplets, Die Perm- Triw- and Jam-fonnstion nut Timar and Rotti, P h b  
graphi* XXXIX, p. 76, P1. X, fig. 16. 

1892. Ppod. graEionrrs ver. occids~talb,  Bahellwien, Die Fauna des Karnisohen Fasnlinenkdh, P a l m -  
topephi* XXXIX p. 27, PI. 111, fig. 6-9, P1. VIII, fig. 26. 

This elegant species ie one of the most oommon types of the genus Prodwtus 
in the permocarbonifemus limestone of Chitichun No. L The figure8 given on 
P1. I11 of this memoir show on the one hand the absolute identity of the Tibetan 
and Salt Range specimens, and on the other hand the great variability of the speuies. 

The largest specimen (fig. 5) is exactly of the same size as the largest type of 
this species which W w e n  has met with from the Productus limestone of the 
Punjab. But in the Chitichun crag, as in the Salt Range or in the permian rocks 
of Timor, specimens of so large dimensions are quite the exception. 

Regarding the general charauters of P. gratiosue, which can scarcely be con- 
founded with any other species of the genus, I have but very little to add to 
Wwen's  description. 

The ventral valve is always strongly inflated, slightly geniculated, and provided 
with a deep but comparatively narrow sinus, which originates in the immediate 
vicinity of the apex. I n  one of my specimens (fig. 7) the sinus is extraordinarily 
deep, oonsiderably deeper than in any of the types from the Punjab. The e m  . 

we small, but distinctly defined, if they have been preserved at all, whioh is . : 

however rareIy the case. The delicate reticulation is confined to the apical region. 
The strongly profiled radial ribs oonverge towards the mesial sinus and bifurcate 
rather frequently. The specimen fig. 6 is a good example of this sort of sculpture. 
The spines are very thin and numerous, but oan only be observed in perfectly 
preserved specimens (fig. 4). On the casts the place of ix~sertion of the spines is 
marked by small grooves, resembling the impressions of a sharp needle (fig. 3). 

The dorsal valve is concave and provided with a prominent median fold. The 
reticulation extends oonsiderabIy nearer to the front than in the ventral valve. 
The fan shaped oharacter of the longitudinal ribs is very well exhibited in the 
figured specimen (fig. 3). 

The measurements of my largest speoimen are as follows :- R 

h 

Length of the shell in a atraight line . . . . . . . 87 mm. 
,, ,, ,, ,, along the oane . . . . . . 68 ,, 

Bmdth of the shell . . . . . . . . . . P ,, 
Thioknenn of the v e n t 4  4 v e  . . . . . . . 17 ,, 

Notwithstanding the great variability of my specimens, there IS not a aingle 
one among them, agreeing with P. gratweas vrtr. oocklentalie, Schellw., from the 
Carnian Alps, The prominent ridges, which in the Oarnian types mark off the 
wings from the remainder of the ventraI valve, hsve not been noticed in nay Tibettan 
shelle. Thus the Alpine variety seems to be distinguished from the typical form of 
the speoies by a constant, though rather subordinate aharaoter. 

Remarks,- Productuo grat ioaue is most numerously represented in the middle 
division of the Salt Range Productus limestone. It is ram, both in the Katta beds 
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and in the upper Productus limedone. I n  the lower Produdus limestone it has 
not been discovered. Rothpletz recognised the species among the permian fossils 
from Timor. A variation of the true P. gratioeus has been collected by Schellwien 
in the upper carboniferous Fusulina limestone of the Camhn Alps. 

The affinities of our species to P. pwtZookiarao/e, Norw, and Pratt., P. longie- 
h ~ ,  Sow., P. griflthimue, de Eon., and P. costatzce, Sow., have been fully discuss- 
ed by Waagen, Schellwien and Rothpletz. Regarding this subject I consequently 
refer to the monographs of these authors quoted above. 

111. Section. SPINOBI. 

f. GROUP OF PRODUCTUS CANCRINI, Verneuil. 

7. PBODUCTUS CANCBINIP~RMIS, Tschernyschew. P1. IV, figs. 6 a, b, 7 ad .  

1889, P m d u c l u ~  carcrinCforrni8, Tschernyachew, Allgemeine geologieche Karte von Bnssland, Blatt 139, 
Benchmibong des Centrsl Ural und dee Weetabbangee, M6m. Com. Geol. Ruaa, St. P6temboarg, 
111, No. 4, p. 373, pl. V11, f i g .  32, 33. 

1896. P .  cancrimifwmir, Diener, Pal. Indica. ser. xv. Himilayan Fossila, I pt, iv. The permien fauna of the 
Productas shalae, eto., p. 31, PI. I.  fige, 7-10. 

For a complete list of eponyms I refer to this memoir. 

This characteristic species is represented in my collection from Chitichun No. I 
by two incomplete ventral valves, agreeing very well with Tschernyschew's type 
specimens, for the loan of which I am greatly indebted to Professor Th. Tscherny- 
schew of 8t. Peteraburg. They are of the same size as the latter, and are consider- 
ably larger than the average sized specimens from the Himidayan Productus ahales. 

The better preserved of my two examples particularly resembles in its shape and 
sculpture Tschernyschew 'a type specimen from the Bijas River (fig. 33). Their 
only difference consists in the larger number of the wrinkled, concentric folds, which 
extend from the wings and lateral margins across the entire shell. Otherwise the 
ornamentation is of exactly the same pattern, consisting of numerous delicate stri~e 
and elongated spines. A few small erect spines are placed along the hinge line. A 
median sinus is completely absent. 

I n  my second specimen the surface has been more strongly weathered. I n  its 
sculpture therefore the concentric wrinkles remain as the only predominant features. 

I do not hesitate to identify these specimens with P. cancrinSformie, although, 
without the knowledge of the dorsal valve, it is rather di5cult to make their deter- 
mination with sufficient accuracy. There is especially one species in the Arnerioan 
coalmeasures of Nebraska, which strongly resembles P. cancrinifomis, and this is 
P. pevtenuie, Meek and Hayden (Final Report of the U. 5. Geol. Survey of Nebraska, 
p. la, P1. I, fig. 14, P1. VIII, fig. 9). Aceording to Tschernyschew, the two species 
can be distinguished only by the shape of the dorsal valve, which is flat and strongly 
geniculate in P. ccsracvineformis, whereas it is strongly curved in P. pertenuie. Never- 
thelesa I am not inclined to assign my specimens from Chitichun ta the American 
species. P. yertenuie is always small, the largest specimens reachkg a length of 
about 15 mm. only, wherm in my specimens the entire length of the shell is more 

B 
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than 20 mm. Nor are the concentric wrinkles so strongly defined in any of the 
types figured by Meek and Hayden as in P. camrinvermis. 

If the larger number of concentric folds should prove a constant c b t e r  in 
the form from Chitichun No. I, it may be considered desirable to distinguishit from 
the typical .Prod. cancrinifurmia by a varietal denomination. For the present, 
however, this difference appears to me of too emall importance to make the shell 
under dmription a distinct variety. 

The measurements of the more complete specimen (fig. 7) are the following :- 

. . . . . . . . .  Length of the shell in 8 straight line 24 mm. . . . . . . .  ., 9 ,, ,, alongthe anrve . P S  
Breadth of the shell . . . . . . .  24 .,. 
Thioknees of the ventral valve . . . . . . . . . .  11 .. 

Number of epecirneae examissd.-2. 
Bemorke.-Tscbernyschew's type specimens of this characteristic speciea were 

obtained from the Artinskian horizon of the Ural Mountaine. Schellwien mentions 
it from the upper carboniferous Fusulina limestone of the Carnian Alps in Carinthia. 
I t  is a common fossil in the permian Productus shaIea of the Central Himalayas. 
I n  Central his it has been collected by Bogdanowitsch in the bmchiopod bearing 
limestone near the Gussass River (Western Kwen Lun) of pemooarbonif erous or 
permian age. 

IV. Section. FIMBRIATI. 

g. GROUP OF PRODUCTUS HUMBOLDTI, #Orb. 

8. PBODU~TUS ABICHI, Waagen. PI. 111, fig. 8 a.d. 

1862. Productur Humboldti, ($Orb.) Davideon, Quart Jonrn. Qeal. Boo., London, XVIII, p. 32, PL 11, 
fig. 6. 

1863. P. Humboldti, ($Orb.) Duoideon in L. de Koninck, M6moire rur la forriles prlhiquecl  remeillis 
dans l'Inde, p. 39, P1. XII, fig. 6. 

1878. P. rcab+icrlwr (Martin) Abiah, Qeologhhe Forechnngen in den Ksnkasinaben Undern, Bd. 1, 
U e h r  eine Bergkalk fauns aus der Araxea-Enge bei Djoulfu, p. 33, Taf. V, fig. 8. 

1W9. 8t'lrophaZoria lorrsrwnr, (Vern.) v. MoUer, Ueber die brtbrologirohe Stellung der jiingeren pdm- 
miwhen Bchiohtenaysterns voo Djonlb in Armenien, Nenea Jehrbuab, p. 233, 234. 

1883. Productw Erntuboldti, ($Orb) Lydekker, Geology of the Ksehmir and Cbamh Territories and of 
the Britieb diatriat of Khdghhn, Mem. Qeol. Burr. Ind., XXII, P1.11, fig. 8. 

1884. P. Abicfii, Waagen, Pal. Indim, rer. xiii, Salt Range Fordg I Produotur Limcetone Fossilr, 
p. 697, PL LXXIV, fig. 1-7. 

189%. P. Abichi, Rothpletz, Die Perm- Trim- nnd Jm-formation a d  Timor nnd Rotti, Palmntographica, 
XXXIX, p. 76, pl. X, fig. 20. 

This species, which has been excellently described by Waagen, is represented in 
the materials from Chitiohun No. I, by two ventral valves, the smaller of which, 
though slightly weathered, is BuflEiciently well presarved to allow ita identification 
with certainq. 
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The aptmimen under oonsideration is rather strongly inflated, recalling in this 
respect the one figured by Waqpn, P1. L'XXIV, fig. 7. It is but slightly broader 
than long, provided with a distinct median sinus and with very small barely 
flattened wings. Prom the latter the sides asoend rather abruptly to the flattened 
visceral portion of the valve. The hinge line i s  considerably shorter than the great- 
est breadth of the shell. The apex is attenuated, strongly bent over, but scarcely 
overhanging the hinge line. 

The sculpture exhibits the characteristic quincuncial arrangement of the numer- 
ous, coarse, elongated and club shaped tubercles, which is a peculiar feature of 
this elegant species. The difference in the ornamentation of the visceral portion and 
of the lateral p d s  of the valve is not so strongly marked in my two specimens a8 
in the majority of Waagen's types from the Salt Range. I n  the larger of my speci- 
mens, which is, however, only an internal cast with its surfaoe deteriorated by 
weathering, nums.rous and strong, imbricating stria of growth are developed near 
the lateral and frontal margins. I n  the smaller specimen this concentric sculpture 
is oonhed to the h n t a l  portion of the valve. 

The me88urements of this latter specimen are as follows :- 

Length of the valve in a atraight line . . . . . .  27 mm. .. . . . . . . . .  ...... n along the oorve 49 
Greatcet breadth of the valve . . . . . .  30 ,. 
Thiokne~ of the valve . . . . . . . .  14 .. 
Length of the hinge l i e  . . . . .  . .  2 0 , .  

I n  my monograph of the fauna of the permian Productus shales of the Central 
Himilayas (Vol. I, Pt. 4) a species has been described under the denomination of 
Prod. gawetidcre (PI. I ,  fig. 1-3 ; PL II, @. 3), the ventral valve of which most 
perfectly agEees with that of P. Abichi in shape and sculpture. AE the differ- 
ences between the two species contkt in the shape and in the internal characters of 
the dorsal valve, the larger size of P. gmge t i cus  is a good character, which may 
serve for a distinction, if one has to deal with ventral valves only. My specimens are 
of the average size of P, AbicM, and I therefore believe to be justified in identifying 
them with the latter speoies. 

N u d e r  of epecimew examiaed-2. 
&marks.-Productw Abichi is a characteristic f o d  of the middle and upper 

divisions of the Salt Range Productus limeatone. I t  has been collected by Waagen 
both in the Virgal and Kalabagh beds, but not in the Katta beds of the middle Pro- 
duetus limestone. I t  is known from the permian rocks of Julfa in Armenia and 
of the island of Timor, and does not eeem to descend into strata o'f upper wboni- 
feroue age. The stratigraphical position of the beds in Kaahmir, where the species 
has been (follected by Lydekker, is yet doubtful. A discussion of thk subject will 
only be poseible after the fossils from Kashmir have been described in detail. 



h. GBOUP OF PRODUCTUS STRIATUS, Fisch. 

9. Pao~uc~us MONGOLICU~, nov. sp. P1. IV, fig. 8, 9,lO. 

1888. Pwduetua cf: C m  (Orb), Kayser, Obemrrbonkche Fauns von Loping, Biobthofen'r Chi-, IV, p 1 8 1  
PI. XXVlI, fig. 6. 

A shell belonging to this species has been desoribed by Kayser from the upper 
carboniferous beds of Loping in China, but haa been provisionally united with 
Prod. Cora, although this author himself was apparently aware of the remarkable 
differences which forbid an identification with d90rbigny's well known species. In 
his description he correctly mentions the pointed shape of tthe beak, recalling that of 
P. etriatus, and the presence of concentric wrinkles crossing the visceral portion of the 
ventral valve, rts characters,which have never been observed in the true Prod. Cora. 
He, however, believed, that the general features of the relief of his solitary specimen 
could not be much relied upon, as it seemed to have been a good deal altered by pm-  
sure, and he consequently considered his material too scanty for mtablishing a new 
species. 

I n  1884 Waagen described two very similar forms from the Productus lime- 
stone of the Salt Range, which had been originally united with P. sfriotur by David- 
son, as Prod. conrprerezle and P. mytiloides, and arrived at a satisfactory determi- 
nation of the systematic position of the Chinese shell among the Producti. 

Among the materials from the permocarboniferous limestone crag of Chi- 
tichun No. I, there are a few specimens, which, in my opinion, are identical with 
Kayser's P. cf. Cora. As this species must receive a new denomination, ?: intro- 
duce the name of P. mongoliczls. There am fairly complete ventral valves and 
the fragment of a dorsal valve accessible to observation. 

The general shape of the species i e  nearly trimgular, elongated, with an acu- 
minated apex and a rounded front margin. The ventral valve is either strongly 
inflated, as in the specimen fig. 8, or somewhat flattened, as in the specimen fig. 9. 
The curve is more regular in the transverse than in the longitudinal direction. In the 
latter it is less s trongly vaulted, especial1 y so in the vicinity of the apical region. 

In  the specimens figs. 9 and 10, the trail is marked off from the remainder of 
the shell by a blunt geniculation. The wings are small, but distinotly developed, 
though rarely preserved. They are bent down almost vertically, leaving barely 
any room for the development of a straight hinge line, which, properly speaking, 
does neither in this species, nor in the very nearly allied P. compresrua, Waagen 
(Pal. Indica, ser. xiii, I, p. 10, P1. LXXXI, fig. 1, 2). The apical region is strongly 
compressed and terminates in a distinctly incurved, slightly prominent and pointed 
beak. A mesial sinus is entirely absent. The median portion of the valve is always 
strong1 y convex. 

llho sculpture is very characteristic. It consists of delicate, radiating stris, 
ahioh are crossed by broad, prominent, concentric wrinkles. 



The longitudina striae increase in number considerably by the interpolation of 
other striae which spread out in a very regular manner, always meeting the lateral 
and front margins at right angles. By means of a magnifying glass a system 
of extremely delicate transverse strite may be n o t i d ,  ,which cross the radiating 
sculpture, and are clustered together very closely, exactly as has been represented 
by Kayser in fig. 6b on P1. XXVII of his memoir. The concentric wrinkles are 
by far the most conspicuous feature in the ornamentation of this valve. They are 
tolerably regular, obtusely rounded on their tops, and imbricating towar,ls the apical 
region. They are not restricted to the median portion of the valve, aa in P. com- 
pre88~48, but extend across the wings. A few scattered spines are confined to the 
wings and to the lateral parts in their vicinity. 

The shell is extremely thin and fragile. 
The dorsal valve is distinctly mncave, following the ourve of the opposite one 

and leaving but very little room between them. As far as I can judge from the 
fragment at my disposal, its ornamentation is similar to that of the ventral valve. 

The measurements of the smalleat of the specimens, which is, however, fairly 
mmplete, are the following :- 

Length of the shell in a straight line . 21 mm. . . . .  ,, .. along the anl-ve . . . . . . . .  27 ., 
Bresdth of the shell . . . . . . . .  16 , . . . . . .  Thioknees of the ventral valve . 18 .. . ,, Approximate dietanoe of the two valves from eaoh other 2 

Of the internal characters of the species nothing is known to me. 
Number of specimen8 examined.-3. 
Bemarks.-The identity of the Tibetan species with Kayser's specimen from 

Loping may best be proved by a comparison of the drawings. They agree in every 
respect, even in the minor details of their sculpture. 

I n  its general appearance this species approaches very nearly Prod. compreseus 
Waagen from the middle and upper Productus limestone of the Salt Range. The 
pints of difference between the two forms are of a comparatively small importance. 
The absence of any transverse sculpture on the wings and the smaller size of the 
concentric wrinkles in P. compressecs are the most c0n~piCuous ones. As a remark. 
able feature in P. aom$we88u8, the following mentioned by Waagen. The ventral 
valve is always so strongly compressed in the apical region, that in a view from 
above the lateral -ins are concealed below the overhanging lateral parts of the 
valve. This c h m t e r  has not been noticed in any of my specimens. 

Prom Prod. myliloidee, Waagen (Pal. Indica, ser. xii., I, p. 711, P1. LXXX, 
4) which is very closely d i e d  to 1'. cornpf emus, our species differs by its larger wings 
and more prominent sculpture. From P. stridus, Fisher,' a oommon mountain lime- 
@tone fossil in England and Belgium, it is distinguished by the eame ohmactem, 
which led Waagen to the introduction of his two new species from the Salt Bange. 

1 L. dc Xminek, Monogmphie den genres Productus et CAon&ei~, PI. I, fig. 1, p. 90. Daoidron, Mowrspb 
of thi Britirh Carbonifmnr Bnchiopode, p. 139, PI. XXXIV, fips. 16. . 
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Subgenua : MBRGIN IFERA, Waagen. 

1884. Y ~ r g i r ~ r a ,  Wmgen, Pal. Indicq ser. xiii, Salt Range Fossil*, I, Productne Lientone IToraiIn, 
p. 713. 

I n  his monograph of the Produdus limestone Brachiopoda Wangen introduced 
the name MarginVera as a generic designation for swh s p i e s  of Productida, as 
are distinguished fmm the tme Producti by a strange ohambering of the vberal  
part of their shells, produced by prominent shelly ridges, placed verticaIly on the 
internal surface of the dorsal and within the wings of the ventral valve. 

He admitted the occasional presence of similar internal ridges in some speci- 
mens of Productue longiepinurr, Sow., and of P. proboecideue, Vern., but insisted on 
the development of these ridges never being anything like that m i n g  in the 
shells of the Salt Range. The strong development of the ridges, by which in the 
latter speoies the visceral part of the shell is girt, seem to him " perfectly sufficient 
for the generic distinction of these forms. Certainly it is as well worthy of notice 
as the existence of an area in AuloeLegee or the like." 

Representatives of this new genus were recognised by him outside the Salt 
Range only in the permian beds of Julfa (Illargingera epinoeocoetata, Abich, and 
Me helica Ab.), and in the North American coalmeasures of Illinois, fisouri and 
Indiana (M. eplendene, Norw. and Pratt). 

Tschernyschew (MCm. Com. G6ol. Ruas., St. P6tersbourg, 1889,III, No. 4, 
p. 373-376) accepted Waagen's new genus and proved it to be rather largely 
represented in the upper carboniferous deposits of the Ural. Nikitin (MBm. Com. 
Gkl.  Ruas., St. PQterabourg, 1890, V, No. 5 )  howev~r entirely differs from Waagen 
and Tschernysohew in the interpretation of the species, which the la* authors 
united in the genus Hargimferca. I n  his opinion the development of oireular 
ridges neu  the line of contact of the two valves is a character of only very small 
importance. This character has been mentioned, moreover, in different speoies of 
true Prodrbcti, as in P. eemi~.eticuZatus, Mart., or in P. ltnagispinue, Sow.,and might 
probably have b n  found in many other species of Productue if any attention 
had been paid to it by previous authors. I t  is a very common character in the 
Russian shells, which have been identified with Prod. longispimr by Trautsohold. 
But the most important evidence against a generic value of these ridges is the 
faot that they are no oonstant oharacter in specimens from the same locality and 
geological horizon, which are perfectly identical in every other respect. Nikitin 
therefore believes that these ridgss indicate a difference of age of the individuals, 
and not a generic distinction. 

Schellwien, who in his monograph of the Brachiopoda from the C~mian 
Fusulina limestone (Palmntographica, XXXIX, 1892) had accepted Waagen's genus 
Marginifera and had introduced a new species, 211, pusilla, has lately given up this 
view on the strength of Nikitin9s observations.' 

' E. BelieZlwirn, Ueber eine angebliche Kohlenkalk Banns aus' der regyptisch-arabiechen Wiirtc, Zeiteohr. 
deutmhe geoL Ges., XLVI, 1894 p. 70. 



Notwithstanding Nikitin's arguments, I prefer to adopt Waagen9s view and to 
claim at least a subgeneric rank for the species united by the latter author in his 
genus Hargin9Yep.a. 

I t  must be admitted that the peculiarities, whioh have been considered by 
Wasgen as of generic value in iWargin,fra, are o-ionslly developed in h e  
Producti, but it is likewise true that in none of them, with the passible exception of 
Productus lotagiepinue, Sow., their development is anything like that in a typicaI 
Marginifera. The internal ridges in specimens of P. eemireticulatus var. Martilai, 
Davictson (Monograph of the British Carboniferous Brachiopoda, P1. XLILt, fig. 8- 
lo), to which Nikitin alludes, cannot be compared for a moment with those in any 
Indian Margirafera. Nor can 1 acceptJ from my own personal examination of 
Himtilayan Marginifera, Nikitin's supposition that the internal ridges indicate a 
difference of age between single individuals. Having examined about 20 specimens 
of Marginifera typioa from Chitichun No. I, 1 came to the conclusion that these 
ridges are a perfectly constant chamter in individuals of every size, and that in thia 
species at least they are a, feature, which marks not a certain stage of growth, but 
a distinction between this species and true Produeti. 

That a large number of the Russian forms, united with Productua longiepinu 
by Trauhhold are provided with internal ridges, as dietinctly developed as in any 
MarginVera from the Salt Range or from the Ural Mountains, is no decisive argu- 
ment ltgainet the generic or subgeneric rank of Marginifma itself. It simpIy 
proves that this genus (or rather subgenus, as I should prefer to consider it) is largely 
represented among the carboniferous Productid@ of Central Russia, as indeed 
has been clearly recognised by Tschernyschew, although this fact was not known 
to Wagen at the time when he was publishing his monograph of the Prodw- 
tide of the Salt Range Productue limestone. 

The only important evidence against a generio or rather subgeneric value of the 
internal ridgea in lllarginifera is Nikitin's statement " that, having broken many spe- 
cimens of the so oalled Productus lolzgispintse from different Russian localities, he 
found the presence of the ridges to be a very inconstant character, even in specimexu 
from the same locality and geological horizon, in specimens otherwise perfectly iden- 
tical, in their outlines, generic and specific features." 

The importance of this argument muet not; however, be overrated. It must be 
borne in mind, that within the family of Productid@ the generic distinctions are 
altogether difficult and the limits of the dif£erent genera rather uncertain on account 
of the existence of transitional forms. The charmtern which are used for a generic 
distinction in this family do not m k e  their appearance suddenly, but are developed 
by degrees. ~ h &  in this family transitional forms are met with rather frequently, 
whioh barely allow a satisfactory determi'nation of their generio position. Pro- 
ductue, Aulostegee, Strophalosia, Chonetee, ProduclelZa, Daviesiella, Chonetella, 

s 

Proboecidella, Ethsridginn, Aulacorhynchue, seem to bear scarcely a less intimate 
relation towards each other, than Barginifera does towards Productus ; so that it is 
not wonderful that transitional forms should be met with between Productus and 
XarginiJera, in which the subgenerio oharacters of the latter have not yet been 



sufEoiently developed to mark a constant feature. But I do not think that the 
existence of such transitional forms ought to preclude the establishment of a sepa- 
rate subgenus for such species, in which the subgeneric charactem of Margitrifera 
have become a constant feature. 

There cxm be no doubt that in the overwhelming majority of Produoti no inter- 
nal ridges are present similar those in a true Harginrfera. I t  will therefore be 
found convenient to separate these forms, which bear in each valve a projecting 
shelly ridge, from Productus, and in this way to restrict'the latter genus, which 
already includes a larger number of species than may be conveniently dealt with. 
Nor is the subgenus Murgingera difficult to recoghe, if attention is paid to its 
leading character only, the broken-off shell margin disclosing at once the preaenoe of 
the prominent internal ridges, especially in the vicinity of the wings. 

The distinction between Productus and Jfarghifrra is not based, it is true, 
. on such conspicuous characters aa in many genera of brachiopods, and there always 

will remain forms, whose systematio position is rather doubtful. But this case is 
certainly not worse than in other classes of Holluecoidea or Bollueca. Those who 
have had to describe Ammooloidea or Qastropoda will undoubtedly have felt the 
difficulty in the distinction of genera or subgenera, but notwithstanding this difi- 
culty these genera are maintained, and often on the ground of less striking 
differences than those existing between Productue and Ma~.giraifPra. Among the 
Ammonoidea espeoially many genera have been recently established, which are 90 
closely related to each other, that they may be considered with nearly equal reason 
as different stages of development onli of one and the same group of forms. Though 
the limits of the different genera may become continually more difficult to trace, 
these distinctions must be made so long as the tendency to a narrower restriction of 
single species and genera prevails among modern paloeontologists, 

In  the permooarbonifemus limestone crag of Chitichun No. I, Mat-gingers is 
represented by a single species, which is identical with one of the most common 
forms of this subgenus in the middle and upper divisions of the Salt Range Pro- 
ductus limestone. 

I. MARBINIFERA TYPICA, Waagen. PL IV, fig. 11, 12, 13, PI. V, fig. 1, 2. 

1868. Productw Zongirp'nur (Sow.), Davidnon, Quart. Jonm. Geol. b., London, XVII, p. 81, PI. I, 
fig. 19. 

1863. Productw bngiupinus (Sow.), Davideon, in L. de Koninck, Memoire anr ler fowilea pel6ozoiq~lm 
recueillin dam 1'Inde. p. 37, P1. X, fig. 19. 

1884. Ya~gin i fsra  typioo, Waegen, Pal. Indioa, Mr. xiii, Salt h u g e  Forails, I, Pmduotns Limestone Fossils, 
p. 717, PI. LXXVI, fie. 4-7 ; PL LXVIII, fig. 1. 

1889. M. typiccr. Tsohernyschew, Allgerneine geologisobe Karte von Rnesbnd, Blatt 139, B ~ h r e i b o n ~  des 
Central-Urala und des Weatabhange~, M6m. Corn. QBul. Rum., St. PBtersbourg, 111, No. 4, p. 374, 
PI. VII, fig. 29.23, B4,28. 

The Tibetan specimens agree perfectly with Waagen's species both in their 
general shape and soulpture, and in the strongly marked development of the inter- 
nal ridges. 

The ventral valve is very strongly inflated, almost spirally inrolled in the 



majority of the specimens. The curve is, as a rule, rather irregular in the longi- 
tudinal direction, the valve being considorably flattened in the vicinity of the apex. 
The flattened portion of the valve unites with the remainder of the viseera1 part 
either in a regular spiral curve or in an obtusely rounded genioulation. 

The apex is prominent, distinctly pointed and overhanging the hinge line, which 
corresponds to the greatest breadth of the shell. 

The wings are rather large, spirally inrolled, and marked off from the lateral 
parts by a distinct furrow. The lateral par& are bent down towards the latter very 
steeply, in larger specimens nearly perpendicularly. I f  the wings are broken off, 
is often the caae, the general outlines of the shell appear to be almost square. 

I n  all the specimens a median sinus is indicated, but it is rathor variable in its 
depth and shape. If well developed, it recalls in shape the typical exampIes of 
Productu8 graliosue. It always originates in the vicinity of the apex, and, as a rule, 
reaches its maximum strength near tbe point at  which the valve appears most 
highly elevated above the hinge line. In  most of the specimens it becomes more 
&&OW in the frontal region, and often disappears completely near the front 
margin. 

The trail is sometimes marked off from the remainder of the shell by a furrow 
OF band, corresponding to the internal ridges along the margins of the opposite valve. 

The ridges in the ventral valve, characteristic of the subgenus Hat.girdfera, are 
awessible to observation when the wings have been broken off. They exhibit the 
peculiar crenulated appearance, which has been excellently described and figured by 
Waagen. 

m e  sculpture consists of numerous, delicate, radial strise, which originate in 
the apex and are nearly parallel for a considerable distance. Towards the front 
the radial sculpture becomes either quite indistinct, or is replaced by a few broader 
and more elevated ribs, especially so on the lateral portions of the valve. A dis- 
tinot convergence of the radial stria towards the med&n line of the sinus is rarely 
noticed. In this respect the sculpture of the majority of the Tibetan specimens 
r ~ m b l e s  most closely that of Waagen's type from the cephalopod beds of Jabi 
(PI. LXXVI, fig. 6). In  the apical region a concentric sculpture is almost invariably 
indicated, but the concentric strise are alwais but faintly marked and never equal 
in strength the radial sculpture. 

The number of spines, which are scattered all over the surface of this valve, ifi 
very variable. They are however mostly distributed on the apical region and on the 
hteral parts along the furrow, which separates the wings from the remainder of the 
valve. 

The dorsal valve (Pl. IV, fig. 12) is very deeply concave, Ieaving a comparatively 
small distance between itself and the opposite valve. Before reaching the ventral 
valve it suddenly flattens, presenting the appearance of a flat band, which passes 
around the anterior and lateral borders. This band, which is about 1 ram. in width, 
col~esponds to the internal shelly ridges. The median fold is but very shallow. The 
shelly layer, which is but partially preserved, exhibits an indistinct reticulation in 
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the apical region and traces of a radial sculpture in its anterior portion. Small 
rounded grooves are disseminated irregularly on its surface. The wings are not 
acmsible to observation. 

The measurements of an average sized ventral valve with fairly premved wings 
are as follows :- 

Length of the shell in 8 straigl~t line . . . . . . . 23 mm. 
,, ,, ,, ,, along the onme . . . . . . . 60 ., 

B d t h  of the shell, with the wings . , . . . . . 40 ,, 
n ,, , ,, without the r i n g s  . . . . . . 26 ,, 

Thicknees of the ventral valve . . . . . . . . 17 ,, 

The measurements of a complete specimen (Pl. IV, fig. 12), in which the two 
valves have been preserved, but without the wings, are as follows :- 

Length of the shell in a straight liue . , . . . . . 90 mm. 
,, ,, ,, ,, along the curve . , . . . . . 37 ,, 

Breadth of the shell without the wings . . . . . . . 26 ,, 
Length of the dorsal valve . . . . . , . . . 17 ,, 
Thickness of the ventral valve . . . . . . . . 14 ,, 
Distanceofthetwovelveeintheapioalregion . . . . . . 7 ,, 

The shelly substance of both valves is very thin. 
Number of epecimens examkd.-23. 
Benaark8.-Harginvera lypica is one of the mom aommon species of this sub- 

genus in the Productus limestone of the Salt Range. I t  occum chiefly in the middle 
and upper divisions of this formation, ranging there from the Katta beds to the 
Cephalopoda (Jabi) beds. I t  is, however, very rare in the Katta beds, whilst in the 
lower Productus limestone no characteristic specimens of the species have as yet 
been found. 

Tschernyschew collectad a good number of types of M. typica in the b insk ian  
horizon of the Ural Mountains and discovered a second very nearly allied species, 
22, u~alica (p. 374, PI. VI, fig. 16-18) in the upper carboniferous Fusulina 
limestone of the Urd. These two species are very similar and agree perfectly in 
their internal characters. The only points of difference between them are the 
presence of spines along the hinge line and the nearly smooth surfam of the Russian 
shell in the vicinity of the lateral and frontal margins. 

Some of Nikitin's spocimens of Productuv tongiepinese from the upper carboni- 
ferous strata of Central Russia bear a great resemblance to M, typica, especially 
the specimen figured on P1. I, fig. 8, of his memoir. Nevertheless I dare not 
identify them with the present species, on acoount of the presence of numerous spines, 
both on the wings and along the hinge line, a character which is absent in iK. 
typico, according to Waagen's description. 

The differences between the Indian shell and its nearest allies, iK. pusailla, 
Schellwien (Palmntographica, XXIX, p. 20, P1. IV, fig. 18-21), M. uralioa 
Tschernyschew, 211. splendene, Norwood and Pratten (Jour. Ac. Nat. Sci. Phila- 
delphia, 111, 1855, p. 11, P1. I, fig. S) ,  and M. esoazata, W q e n  (p. 715, P1. 
LXXVIII, figs. 2, 3) have been fully discussed by Waagen, Tschernyschem and 
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Schellwien. I therefore need not dwell upon them, but may refer to the memoirs 
of these learned authors. 

Notwithstanding the great resemblance between M. typica ar;d Prodactus 
longispinus, Waagen believee a distinction of the two species to be possible, even if 
founded on external characters alone. In  one respect, however, Waagen's statement 
needs a wrrection, when he denies the presence of P. longispkur in the Productus 
limestone of the Salt Range. Specimens identical with Sowerby's species and difEer- 
ent from the true 211. typica have been recognised by Schellwien among the fossils 
of the Schlagintweit collection from the Punjab. 

With Productus longiepiaus and P. sernireticulatue a specimen of dlarginyera 
h begn identified by Stoliczka, which is most nearly related to M. typicn. The 
differences between the two consist chiefly in the strong reticulation and in the 
presence of a prominent median fold in tho dorsal valve of the Hirdlayan form from 
Kaahmir and Spiti. The casts of the dorsal valve mere mistaken by Stoliczka for 
P ~ o d .  semireticulatus, whereas he identified the ventral valves with P. longi- 
spimw. A detailed desoription of this species for which I shall introduce the name of 
Marginifera himalayefisis, will be given in a special memoir on the authraoolitic 
rooks of Kashmir and Spiti (Pt. 2 of the present volume). 

Genus : AULOSTEGES, Helmersen. 

To this interesting genus belongs a new species from the permooarboniferous 
limestone of Chitichun No. I, which, while exhibiting the generic characters of 
Aulosteges, differs remarkably from any of the hitherto described congeneric forms. 
It consequently ought to be considered as type of a special group. 

1. AULOSTEGES TIBETICUS, n0V. Sp. PI. V, figs. 3-6. 

This strange little shell is of a broadly triangular outline, with a semicircular 
front margin. Its ventral valve is moderately inflated, but rather variable in its 
convexity, which is very unequal in different directions. In  its longitudinal direc- 
tion it is but slightly curved in the apical region. Then follows a somewhat flattened 
part, which extends half way or more towards the front, when a blunt genicula- 
tion takes place, the remainder of the valve bending suddenly down to the 
front line. This geniculation is much more strongly marked, than in Aulosdeges 
medlicottianus, Waagen (p. 663, P1. LXII, fig. 1-4), and imparts to the present 
species a very peculiar and characteristic shape. Transversely the curve is more 
regular, being interrupted by a median sinus of variable depth and width. This 
median sinus originates in the immediate vicinity of the apex and reaches its 
greatest development near the line of geniculation of the ventral valve, whereas 
it is but faintly marked in the front margin. 

The apex ie always more or less deformed, prominent, and often incurved. It 
is not distinctly pointed. I n  some of my specimens it looks exactly, as if it had 
been fixed to a foreign body, whereas in others it does not show any mark of attaoh- 
ment. 

E 2 



The area is either perfectly flat, or a little oonoave (fig. 6). It is very variable in 
its height and b r d t h ,  the specimens (figs. 4 and 6) representing extreme types in 
this respect. It is not reclining, but either slightly overhanging (flg. 6), or forming one 
even plane with the dorsal valve. On its surface I notioed, in well preserved speci- 
mens, a few strim of growth, running parallel to the hinge line, but no vertical stria- 
tion. The area is interrupted in the middle by a very narrow deltidial fissure, which 
is of nearly equal width for its whole extent, and ia dosed by a prominent roof shaped 
pseudodeltidium. 

The hinge line is always shorter than the greatest breadth of the shell, but in 
some upecimens (fig. 3) nearly applwlohes the latter in its length. 

No wings are present @ this species. 
The sculpture is very peculiar and differs from that of the majority of con- 

generic species in the absence of a dense cover of small spines. The ornamentation 
consists of very numerous mnoentric striae or wrinklea of unequaI strength in the 
apical region and of much more prominent radial plioations in the geniculated 
marginal portion of the .valve. The line of geniculation. forms a very sharp bound- 
ary between these two types of sculpture. The concentric ~rnamentation is often 
interrupted by elevated roundish tubercles, which must have supported thick spines. 
If the shell substance is removed (fig. 6), a delicate, radial plication becomes visible 
on the uast, imparting to the apical region of the valve a semireticulate appearance. 

Ihe  dorsal valve is either perfectly flat or slightly wnoave, provided with a 
linear area, and a pointed, flat apex. It is covered with very numerous, deli- 
cate striae, corresponding to the tubercles in the oppoeite valve, which are but 
rarely interrupted by grooves. I n  the immediate vicinity of the lateral and front 
margins a radial plication is combined with this concentric sculpture, 

Of the internal characters of this speoies nothing is known to me. 
The measurements of two specimens (figs. 3 and 4) are as follows :- 

Entire length of the shell . . . . . , . 
* S  ,, ,, ,, ,, dong thb curve . . , . 

Length of the d o d  vnlve . . . . . . 
Entire breadth of the shell . . . . . .  
Length of the hinge line . . . . . .  
Breadth of the pneudodeltidinrn at the hinge line . . . 
Entire thioknees of the shell . . . . . . 
Apical angle of the ventral valve . . , . 

I (fig. 3). 
20 mm. 
3a ,, 
13.6 ,, 
20'6 ,, 
21 ,, 
0.6 ,, 
12 ,, 
9 7 O  ,, 
lQoO ,, 

rr (6g. 4). 
I9 mm. 
26 ,, 
14 9, 

22 ,, 
16 " 
0.6 ,. 
7.6 ,, 
108O ,, - 

Namber of epecimene examined.-6. 
Remarks.-The present species cannot be related to any of the forms belonging 

to the group of Bulostegeo Wangenheimi, Vern. Nor does any oloser relationship 
Beem to exist between A. tibeticur, and A. medlicoltianue, Waagen, from the lower 
Productus limestono of the Salt Range, 

The only shell, which can be oompared with our species, is Stropicaloeia popan- 
gensir, Kayser (Obercarbonische Fauna von Loping, in Richthofen's ' China,' IV, 
p 196, P1. XXVIII, 0%. 9) fram the upper carboniferous Limestone of Loping. The 
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above quoted figure, which I consider aa typical, strongly recalls A. tibeticue. 
The geniculate character of the ventral valve and the strange sculpture are espe- 
cially similar in the two shells. Specifically, however, the two forms are certainly 
distinct, even if Strophaloeia poyangensia should turn out to be no true Strophaloeia 
but a representative of the genus Auloeteger. The presence of distinct auricular 
expansions and the irregular character of the radial plications in the Chinme species 
make a distinction easy. Nevertheless they certainly ought to be united in the 
same group, if Sfruphalosia poyangensicl should be found to belong to the genus 
Auloetegea. 

Family : . J y T T O N I I D a  (Wasgen) Zittel. 

In his monograph of the Productus limestone fossils, Waagen (1883) intro- 
duced the subfamily of Lytloniino for the reception of two very stringe genera, 
Oldhamina and Lgttonia, the nearest allies of which he found among the family of 
Thecideida. 

Of this subfamily he gave the following diagnosis : cc Shell of large size, fiat or 
vaulted, attached by the larger valve; hinge line straight and short, no area or - 

pseudodeltidium ; internally the ventral valve with a median and numerous lateral 
septa ; dorsal valve rudimentary, forming together with the brachial apparatus one 
strongly lobed, shelly plate, which fits between the external septa of the large valve." 

The Lyttoniina have in common with Thecidea and Pterophloios, which have 
been united by Waagen in the subfamily of Thecideiras, the punctuate shell, 
the lobed brachial apparatus, and the attached larger valve. With regard to the 
persistence of these most striking characters Waagen proposed to leave these two 
subfamilies, together with the subfamily of Megathyrins, in the family of Theci- 
d e i d ~ .  . 

CEhlert (Fischer, Manuel de Conchyliologie, Brachiopodes, p. 1327) purified the 
family of the Jfegathyrins, whioh are considered by him as a proper family, but 
again refers the L ytloniins to the family of Fhecideida. K. von ZitteI in his Ele- 
ments of Palaeontology " (p. 235) elevated the Lyttoniida to the rank of a family. 
His view has been adopted in the present memoir. 

.Qenus : LYTTONIA, Waagen. 

1. LYTTONIA NOBILUI, Watbgen. PI. I, fig, 6, 6, 7. 
188s. Wtmh nobilw Wsagen, Pal. Indioa, eer. xiii, Salt Range Foseils. I, Productua Limestone Pods ,  

p. 398, P1. XXIX, XXX, figa. 1, 2, 6, 6, 8,10,11. 

Among the material fmm the permooarboniferous limeatone of Chitichun No. I, 
there are several fragments of a large Jyttonia, whioh I be 'ove to be identiosl 
with the preeent species from the Sd t  Range. No complete s $ ecimen has been met 
with, but the specimen figured P1. I, fig. 5, is in a sufeciently good state of preserva- 
tion, to exhibit most of the characteristio fwturm, belonging to the shell of 
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This specimen is of a broad1 y triangular outline, flatly spread out, and firmly 
attached by the underside of its ventral valve for ite whole extent. Laterally it is 
strongly bent over, shelly expansions being occasionally noticed a little outside the 
proper margins. In the cardinal regions small fragments of the shelly sublstanoe 
have been prwrved. The shell is about one half millimetre in thickness. I have 
not been able to examine its structure. 

On the inner side of the ventral valve a median, longitudinal septum is d i s .  
tinctly developed, but is considerably surpassed in size by the lateral septa, which 
form high roof-shaped crests. The septa do not reach the lateral margins, but 
are rather suddenly obliterated a short distance from the latter. Thus a narrow, 
smooth rim is formed around the entire valve dong its lateral margins. The septa 
are quite regularly developed and are placed symmetrically to the median, longi- 
tudinal septum. The last, rudimentary pair has been considered by Waragen sa 
replaoing the cardinal teeth. Excepting this cardinal pair of septa, twelve lateral 
septa have been noticed in my specimen (fig. 6) on each side of the middle line. 

Of the dorsal valve a few fragments only have been preserved. Its shelly sub- 
stance is very thin. Of its internal character the presence of a longitudinal median 
septum is the only one, which I have been able to observe. 

Another speoimen, figured P1. I, fig. 6, exhibits the internal charaoters of the 
cardinal portion of a ventral valve. It is likewise remarkable for the regularity of 
the lateral septa, which are strongly ourved upwards in the vicinity of the margins. 

In  fig. 7, thefragment of the ventral valve of a very large specimen has been 
represented. In this fragment the porous character of the shelly substance is very 
well exhibitsd. The pores are distinctly arranged in two zones along both sides of 
each lateral septum. These zones; which are distinguished by their punctuate or 
grooved sculpture, are equally well visible in Kayser's figure of Lyttonia (Leptodus 
Kayser), Bichthofeni (Richthofen's " China " IV, P1. XXT, fig. 10) from the upper 
carboniferous limestone of Lo- Ping. 

Number of epecimene exatnipbed.- 6.  

Remark&-In my f h t  report on the geology of the Chitichun orag (Denkschr. 
Kais. Akad. Wiss. Wien 1896, mat. nat. Cl., LXII, p. 589) I considered the 
present species to be rather nearly allied to Lyttonia tenuio Waagen (PI. XXX, 
figs. 3, 4, 7, 9, p. 401). Waagen himself states 5. nobilis and L. te~zuie to be very 
similar species, which are not easy to distinguish, especially in fragments. I t  was 
only after a careful examination of my specimens, that I became convinced of their 
identity with 5. nobilie. Their larger aize, the massive development of the lateral 
septa in the ventral valve, and especially the greater thickness of the shelly substance, 
fragments of which I only detected after long painstaking, forbid an identification 
with L. tenuis. 

The genus Lyttonia is a very peculiar scluthern type of the family Lyttoniide. 
I t  is known from China, from Sicily,' from Kashmir, from the Salt Range, and 

G .  Gtmmellaro, Poll. 800. Soi. Nst. ed Eaon, Palerrno, 1801, No. I, 1802, No. 111, 1804, NO. 1. 



BRACHIOPODA. 

from Chitichun No. I, but has not yet been found outside the subtropical portions 
Europe and Asia.' Zyttonia nobilia is common in the Virgd and Kalabctgh beds 
of the middle Productus limestone of the Salt Range, but is absent in any other 
division of the Productus limestone. 

Suborder : H ELI COPEGMATA, Wmgen. 

Family : SPIRIFERIDB, King. 

Subfamily : SUESSIINB, Waagen. 

Genus : SPIRIFERINA, dlOrbigny. 

Among the family of Spiriferid~, which is one of the most natural families 
of this suborder, being easily recognised by very remarkable external and internal 
characters, Waagen hiw distinguished a, number of subfamilies, all of which have 
their representatives in the permooarboniferom fauna of Chitichun No. I. 

According to him, the first natural subfamily is formed by a group, of which 
the genus Spirefem'fics is the prototyps. It is most nearly allied to Davidson's 
family of Nucleospirid~, being provided with a transverse shelly band connecting 
the primary lamellae, as in U~cites, and with a punctuate shell, as in Hetzia. In 
this group, which were elevated to the rank of a, subfamily, the SueetGinm, by Waagen, 
Spiriferimz, Sueaeia (which is, however, provided with a fibrous shell,) Cyrtina and, 
provisionally, Ment~elia: were included. The latter genus must, however, be removed 
from the Sueedin~ and united with the Martiniima or Beticulariince, as has been 
proved by Bittner (Abhandl, K. K. Geol. Reichs-hstalt, Wien, XIV, 1890, 
p. 25). 

I n  the Chitichun fauna only the genus Spirgerima is represented, by Sp. 
crietata, Schloth., one of the most common and far spread species in carboniferous 
and permian strata. 

1. SPIRIFERINA CRI~TATA Schlotheim var. OCTOPLICATA, Sowerby. P1. VII, 
fig. 6, 6, 7. 

1816. Tss.ebratu2iter crislatw, Schlotheim, Denkschr. K. A k d .  Wise., Miinohen, VI, p. 28, m. I, fig. 3. 
1887. Spirfer octoplicatus, Bowerby, Min. Conch., p. 120, P1. 668, tab. 2, 8, 4. 
1837. &riper crbtatus, L. von Bnch, Ueber Spirifer oder Delthjrie, und Orthis, p. 39. 
1843.' Sp. criotatw, L. de Koninok, Desoription den animaux foesilee, qni 6e trouvent dens le terrain oar- 

bonifdre de Belgiqne, p. 240, Pl. XV, fig. 6. 
1850. Trigomtreta cristata, King, Monograph of the permian fossils of England, p. 127, P1. VIII,  fig. Q-14, 
1861. Spirifsv octoplicatua, L. de Koninak, Suppl6ment de la hor ip t ion  den snimhnx fossiies, qui se 

tronrent dans le terrain oarbouifhre de la Belgique, p. 868, PI. XV, fig. 6. 
1858. Spis.lferilta cristata, Davidson, Monograph British Permian Braohiopoda, p. 17, P1. I, figs. 87-90, 

$6, 46, PI. 11, fig& 43-46. 
1868. Spiriferirm cristata var. oloplicata, Davidson, Monograph British Carboniferous Brwhiopoda, 

p. 35, P1. VII ,  figs. 37-47. 

1 T h t  is not the oase m t h  Oldhamima, which hm a true representative ( 0 . j l i c i s  Keyserl.) in the carbor~iferoua 
rocks of the Ural: A. de Kegserling, NoC sur la presence de 1' Oldhamins dam la Buesie. Bull. Con. Gaol., 

Buse., St. P6terebonrg, 1891, p. 267. 
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1861. Bfn'rife cs.islatur, Qeinita, Dyw, 11, p. 88, PL XVI, fig. 8-10. 
1862. &h+f&na octorplicala, Da~idson, Quart. Jorun. Qeol. &a, budon,  XVLII, p. 29, PI. I, figs. 12, 

13,14, ( w n  11). 
1863. Bpirjferina octoplicata, Dsvidson, in  L. de Koninok, MBmoire ear 1 s  forailen palkozoiquea. moueillis 

dans 1' Inde, p. 36, PL X, figs. 12,13, 14 (no* P1. IX. fig. 11). 
186% Bj+iierimr crislata. &. octoplicata, Davidmn, &fonogrrrph Britirh Carboniferons Bmbiopoda 

 appendix,^. 267. P1. LIT, figs. 10-15. 
1866. 8pirifer cristatw, Beyrich, Ueber eine Kohlenhlkfanna von Timor, Abhacdl. K. Akad. Wim. 

Berlin, 1867, p. 79, PI. I, fig. 4. 
1876. &'pinier cr is tdw, Trauteohold, Die Eakbriiohe von Miatschkowa, p. 79, P1. VIII, fig. 5. 
1877. Spivifwjna midata, White, in Wheeler's Beport upon the U. 8. Qeograph. Snrveye WE& of the olle 

hundredth Meridian, Vol. IV, Palmont~log~, p. 139, PL X, fig. 8. 
1883. B@$mina Mirtata, Wasgen, Pd. Indiag ser. xiii, Salt Range F d ,  I, Prodnotus Limestone 

Fosails, p. 499, PI. XLIX, figa. 3-7. 
1884 8@riferina es.istata, Waloott, Paloeontology of the Eureka Distriot, Mon. 0. 8. Geol, 8brvey, V I I ~ ,  

p. 218, PL XVIII, figa. 18-18. 
1887. Spirifeerina octoplicata, L. de Koninok, Faune du doaire  carbonifare de la Belgique, Ann. Mue. Royal 

d'hiet. nat. Belgique, 6 Bme pbie., p. 100, PI. XXII, fig. 32-39. 
1889. @ ~ i r n ~ ~ n a  c9-iatala, Taohernysobew, Allgemeine Qeologirohe Karte von Ruethud, B1. 139, ~ ~ ~ l ~ -  

gisohe Besohreibung den Central Ursls and den Weetabhaup, M6m. Com. GBol. BwS., st. P4tem- 
hourg, 111, No. 4, p. 273. 

1890. 8 ~ ' r i f e ~ n a  cristata, Tschernysohew, Travanx ex4out6e au Timane en 1889, Bull. Corn. 0601. B ~ ~ .  
p. 83. 

1892. 8pirifees.i~ cristatcr, Rothpletz, Die Perm- Tries- ond Juraformation nuf Timor and Botti, Pa&n- 
tographim, XXXlX, p. 81. 

The identification of the Tibetan specimens with the present species can only 
be maintained, if the latter is accepted in the extension which has been adopted 
by Davidson and Waagen. They agree perfeotly with Waagen's types from 
the Productus limestone of the Salt Range, but deviate slightly from the permian - 
SPjpjferima cristala, especially from Schlotheim's German Zechstein types. 

All are of a comparatively large size, and of variable outlines. m e  greatest 
breadth of the shell is either situated at the hinge line, or as in the two specimens, 
figs. 5 and 6, a little towards the front. The area is of variable width and shape, 
more or less strongly reclining, and provided with a .moderately large triangular 
fissure. As a rule, the lateral margins meet the hinge line in a sharp angle, at 
least in those specimens, in which the greatest breadth of the shell coincides with 
the hinge line. In some specimens, however (PI. VII, fig. 6), the cardinal angles 
am almost rounded, not prolonged with acute terminations. 

The ventral valve is as strongly inflahd as the dorsal one, and is very regularly 
curvedin both directions. Tho beak is small, pointed and strongly incurved. I n  
the area of the specimen fig. 6, tl .distinct horizontal striation has been noticed. 

The number of folds varies from eight to ten. The sinus is deep, more than twim 
as broad than the depressions between the adjoining folds, and extending from the 
extremity of the baok to the front. I n  the two specimens, figs. 6 and 6, it ia con- 
siderably produced beyond the frontal level of the lateral portions of the valve, 
whereas in other specimens (fig. '7) this is not the case. It is more or leas sharply 
rounded in its bottom, and in one of the specimens (fig. 6) shows a well m k e d  
tendency to develop a rudimentary median fold. The crests of the folda am 
comparatively high and aoutely rounded, exaotly as in Waagen's figures. 
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The dorsal valve is provided with a linear area only. The number of its folds 
varies from nine to eleven. The median fold is always larger than those situated on 
the lateral portions. I n  specimens with a strongly protracted sinm this fold is 
elevated considerably above the general convexity of the valve. I t  is but slightly 
flattened on the top, especially so in the vicinity of the front margin, but never 
assumes the obscurely triplimted apperamnoe, which has been observed by Davidson 
in some of his British types of Spiriferim octopldcata. 

In the front of the two valves a few-more or' less strongly marked, imbri- 
cating a h  of growth are developed in the majority of my specimens. 

The ooamly punctuate character of the shelly substance can easily be observed, 
even with the naked eye. 

A oonoentric ornamentation, as in Spiruerina e'necrlpfa PU., or in Spirife- 
rim kentuckmais Shum., is completely absent. 

The measurements of a specimen (fig. 6) with eleven folds on the dorsal valve 
are, as follows :- 

Entire length of the shell . . . . . . .  %I mm. .. . . . . . . . . . .  Length of the dorsal valve 16 .. Entire breadth of the shell . . . .  24 
Length of the hinge line . . . .  23.6 , .. Thioknem of both valves . . . . . .  636 . . . . . . . .  Apical angle of the ventral valve 108' ,, .. , , . . . . . . .  ,I n dorslrl ~ p . 1 2 6 ~  ,, 

Number of speoimens examimed.-5. 
Bernarb.-Davidson was incIined to consider SpiTZferCna crkt at a, Sohlotheim 

and Sp. octoplicata, Sow. as specifically identical, declaring, that " the latter form 
cannot claim to be oonsidered more than a variety of Sp. crietata." I n  this view 
the majority of palmntologists agree with M i .  Davidson, with the exception, 
however, of L. de Koninck and Schellwien, who think the differences between the 
two forms sufficient for a specific distinction. 

L. de Koninck lays a s p d  stress on the foIlowiq oharacters of differenoe-the 
permian Spirifsri7,f-z cristata is always smaller, the number of its folds is lws, 
rudimentary ribs along the median fold of the dorsal valve are absent, the cardinal 
angles are rounded. 

Both in the Tibetan and Salt Range types the number of folds is extremely 
variable (from 8 to 14 in the ventral, from 8 to 19 in the dorsal valve), but b 
never so sma.11 as in some specimens from the German Zechstein. The cardinal 
anglea are either acute or indistinctly rounded. Secondary ribs, which mcur at the 
sides of the median fold in the dorsal valve, have never been observed. In  their 
dimensions they oertainly exceed the typical form of Schlotheim'e species, and 
approach more nearly the British types of Sp6rgerim octoplicata. 

A more important differenoe between Spirqerina cristatn and Sp. octoplicuta 
than those, which were enumerated by L. de Koninok, has been signalized by 
Schellwien (Die Fauna des Karnischen Fusulinenkalks, Palmntographica, XXXIX, 
1892, p. 60). He draws attention to the peculiar ahape of the sinus in specimene 
from the German Zeohstein, for which the name of Sp. ck to ta  was first introduced 

I 



by Schlotheirn, and which ought consequently to serve as prototypes of thb spec i~ .  
I n  a very large number of specimens, which he was able to examine, he invariably 
found the bottom of the sinus forming an even plane and marked off by sharp 
borders from the adjoining lateral portions. Having myself no sullicient material 
at hand for comparison, I would hardly consider myself warranted in offering m y  
decided opinion as to the specific claims of Spir$ekna crietata and Sp. outoplicata. 
If their specific distindion should be found to be maintainable, the Tibetan speoimens 
ought to be referred to Sp. octoptic~ta, not to Schlotheim'e speciee. 

Spiriferina oristata, in Davidson's definition of the speoies, is a form of very 
large geographical and geological distribution. It is not only mmmon in the 
carboniferous and permian rocks of Western Europe, but has also been found in the 
Mowovian stage of Koroptschewe in Central Russia, in the upper carboniferous 
and permocarboniferous rocks of the Ural and Timan Mountains, in the permian 
deposits of Timer, and in the Salt Range, where it reach- through the entire 
thickness of the Productus limestone series. All the A.siatic types of tbis s w i m  
are more nearly allied to Spimyerina octoplicatcs, than to the true Sp. cristata. 

To the present species, if taken in the wide extension of Davidson, Waa- 
gen, Beyrich and Rothpletz, some American sheUe have been correctly attributed 
by White and Walcott. I am not, however, inclined to accept all the synonyms 
in the list of the latter author, and must object to the identification of the shells in 
question with Spiriferina epifiosa, Nom. and Pmtt., from the Kaskaskia limeetone, 
and with Sp. kentuukeweie from the coalmeasurea of the central and western parts 
of the United States. From the two last mentioned American species the Tibetan 
specimens differ in the absence of spines and of a regular concentric ornamen- 
tation. 

Prom Hiifer Island (Barents Islands, N.W. Novaya Semlya) Spiriferiraa orietata 
var. octop2icata has been mentioned by Toula (Eine Kohlenkalk-Fauna von den 
Barents Inseln, Sitzungsb. K. Akad. Wiss. Wien, LXXI, 1876, p. 20), but the 
identification was based on incomplete casts only. 

The shell from Spitzbergen, which has been described by L. de Koninck 
(Nouvelle notice eur les fossilea du Spitzberge, Ac. Roy. Belg., XVI) as Sp. crietafa, 
can scarcely be united with Schlotheim's species, but deserves at least a varietal 
denomination. 

Subfamily : DELTHYRINE, Waagen. 

Genus : $PI RIFER, Sowerby. 

L. von Buch divided the forms, which constitute the genus Spirifer proper, 
i.e. the radially plicated forms with a fibrous shell-his group of Sp. alaluu-into 
two sections, the Oatiolati (type, Spirger osfiolat~8, Schloth.) with a smooth 
mesial sinus, and the Aperturati (type, Sp.  aperturatue, 8chloth.) with a plicated 
meaial sinus. The three species, by which this genus is repreeented in the permo- 
carboniferous fauna of Chitichun No. I, belong exclusively to tfhe section of 
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A pertarasti. Of these species two occur also in the Produotue limestone of the 
.Salt Range and in Europe ; these are Spirifer mueakheylenei8, Dav., and Sp. 
Wynnei, Waag. The third species, Sp. tibetanue, nov. sp., is peculiar to the 
Chitichun fauna, but rather nearly related to Sp. rajah, Salter, from the upper 
carboniferous,mks of Kashmir and Spiti. 

These speoies may be grouped most conveniently in the following manner :- 

I. GBOUP OF SPIRIP~CB FASCIQXB, Keyserl. 
I .  8p. ~nusakleylenais, Davidson. 

11. OBOUP OF SP. DUPLICICOBTI, PhiB. 
9. 8p. Fysnsd, Wasgen. 

111. GROUP OF SPIBIFEB RAJAH, Salter. 
3. 8 p .  tibetprnws nov. sp. 

Spirifer Wynnei and Sp. tibetanua are among the more common fossils of the 
material from Chitichun No. I, but Sp. musakheylemia is a very rare species. 

I. GROUP OF SPIRIFER FASCIGER, Keyserl. 

1. S9irifer mueakheylenei8, Davidson. P1. VI, fig. 8. 

186%. Spirifw musaklisyZensir, Davidson, Quart. J o m .  Geol. goo., London, XVIII, p. 28, PI. II .6g.  2. 

A oomplete list of synonyms has been given in my monograph of the permian 
fauna of the Productus shales (Pt. 4 of this volume). 

b o n g  the material from Chitichun No. I, there is only a single dorsal valve, 
which I refer to this species, one of the most common forms of the genus, both in 
the permian Productus shales of the Central Himalayas and in the upper carboni. 
ferous m k s  of Kashmir and Spiti. 

The present valve is transversely fusiform, with a hinge line, which is as long 
as tihe greatest breadth of the shell. The apex is a little more prominent, than is 
usually the case in speoimens of a similar size, overhanging slightly the very 
narrow, almost linear area. The strongly elevated median fold is narrowly rounded 
on its top and is moderately curved in the longitudinal direction. 

The fasoiculation of the ribs is the most prominent feature in the ornamentation 
of this valve. Six or seven bundles of narrowly rounded ribs can be distinguished 
on a h  side of the median fold. Lamellose s t r b  of growth have not been noticed. 

The measurements of this specimen are, as follows :-- 
. . . . . . . . .  Length of the doreal valve 16 mm. 

Breadth , . . . , .  . . . .  . 96 ,, 
Thiokueae, , , , , . . . . . . . . .  6 ., , . , . . . . . . . . .  ,, Apioal angle ebt. 136 

Number of speoimens examined.-1. 
Remccrk8.-The affinities of Spiger mueakheyleneis to the oongenerio speoies 

of the group of Sp. faeciger, Keys., have been fully discussed in my memoir on 
F 2 



the Productus shales fossils, to which I refer for further explanation. In this 
memoir I have explained the reasons, why, in my opinion, a special strees must be 
laid on the rounded shape of the folds in Sp. rraueakheylensi8, but not on the pre- 
sence of the lamellose striae of growth, which are sometimes missing. Notwith- 
standing their absence, I deemed it preferable to identify the present specimen with 
Davidson's species, rather than Sp.  faaoiger, on account of the character of its lateral 
folds, which are very flat and wavy, but not acute, as in Griinewaldt's and Tscher- 
nyschew's type specimens of Keyserling's speoies. 

The rarity of these shells, so common at other localities of the HimBlayas, in 
the Chitichun orag, is a rather astonishing faot. 

11. GROUP OF SPIRIFER DUPLIOICOSTA, Phillips. 

2. Spir;fe~ Wynnei, Waagen. P1. VII, figs. 1-41. 

1883. Bpirilec Wynmi, Wsagen, Pdpontologia India, rer. xjii, Salt Range F d a ,  I, Prodnutas Limb 
atone Fossile, p. 617, PL XLIV, figs. 6. 7. 

1889. Sp. Wynnei (P), Tmhernywhew, MBm. Com. QQol. Bum, at. Pbtmibonrg, 111, No. 4 p. 271, P1. V, 
fig. 7, 8. 

The differences between this species and the nearly allied 49pirVer duplicicosta 
Phill. (Davidson, Mon. Brit. Carb. Brach., p. 241, PL 111, figs. 7-10, P1. IV, 
figs. 3, 6-11) from the mountain l i m h n e  of Western Europe have been olemly 
dehed  by Waagen. They consist chiefly in the very small development of the 
median fold and in the presence of a broader, more strongly reclining area in the 
dorsal valve of the median shell. 

The specimens, from Chitichun No. I, agree entirely with Wrtagen'e types from 
the Salt Range. The peculiar charaoters, so well displayed in the Punjab examples - 
of Sp. Wyrcbnei, can also be observed in the Tibetan shells. Owing to the larger 
number of specimens available for examination, the shape has been found more 
variable tban was admitted by Waagen. Although the general outline is trans- 
versely oval in the majority of specimens, the length and width of the shell are 
equal in a small number. The hinge line is always shorter than the greatest 
breadth of the shell. The cardinal angles are distinctly rounded. 

The ventral valve is always deeper than the opposite one. It is provided with 
a broad, conoave, strongly reclining area and with a rounded mesial sinus, which 
is very shallow as a rule, but exceptionally is comparatively deep and narrow, as in 
the specimen fig. 2. 

The radiating ribs are narrowly rounded at their tops, either single, or di- 
chotomous, but never arranged in bundles. Their number is rather variable. 
Strong and erect, co~centrio lamellae of growth have frequently been notioed. 

In  the dorsal valve of this species the most characteristic feature is the flat- 
ness of the median fold, which, as a rule, is barely marked off from the lateral 
parts. Waagen's specimen, P1. XLIV, fig. 7, most nearly approaches the typical 
&ape of the dorsal valve in  the pbetan specimw. $ven is shells like the cmj 



figured on PL VII, fig. 2, of this memoir, which are provided with a comparatively 
deep sinus, the mesial fold in the dorsal valve is very flat. Specimens, in 
which the mesial fold projects a little above the frontal wave of the ventral valve, 
as the one figured by Waagen on P1. XLIV, fig. 6, are exoeptional among the 
material from Chitichun No. I. The ilatness of the median fold in the dorsal valve 
of Sp. Wylanei consequently appears to be a constant feature and may appropriately 
serve for a distinction between this speoies and Sp. duplicicoeta. 

The sculpture is exactly the same as in the larger valve. 
The presence of strong dental plates in the ventral valve has been noticed. 

Otherwise I oan say nothing of the internal characters of this species. 
The measurements of my largest specimen (fig. 1) are, as follows :- 

Entire length of theshell . . .  40 mm. .. . . . . . . . . .  Length of the domd valve 33 
Entire breadth of the shell . . . . . . .  61 ,. 
Length of the hinge line . . . . . . . . .  96 , .. Thiokoese of both valvea . . . . . . . . .  23 
Apical angle of ventral valve . . .  10SO ,. 

dona1 valve 10LO , , , . # . ,  . . . .  
Number of epecimene examined.-27. 
Remark#.-Zn the Salt Range, Spirger TVyrrnei is a very rare fossil, entirely 

mtricted to the V-1 beds of the middle Productus limestone. A ventral valve, 
~ l l e o t e d  in the Artinskian deposite of Russia by Professor %ohernyschew, has 
been provisionally assigned to this speoies. Perrin Smith quotes Sp. Wylami, 
from the argillitea above the Mecloud limestone in California, which he considers 
to be homotaxial with the topmost oarboniferous limestones of the Ural Mountain 
and with the lower parti of the Artinskian stage? 

I I~ .  GBOUP OF SPIREE'ER RAJAH, Balter. 

3. Spi~fer  tibetanwe, nov. sp. . P1. VI, fig. 1-7. 

This chracteristio and beautiful species recalls Spirver ovalie, Phillips (David- 
gon, Mon. Brit. Oarb. Brach., p. 63, P1. IX, fig. 20-26) or Sp. integricoeta 
Phill. (ibidem, p. 66, P1. IX, fig .13-19) in its gener a1 shape and outlines. It 
is longitudinally oval, or, espeuially in young speoimens, nearly semicircular. 
The hinge line is alwaya less than half the width of the shell, with rounded car- 
dinal angles. 

The ventral valve is oonsiderably deeper than the opposite one. Its beak is pro- 
minent and strongly incurved. A m e s a  sinus of vaziable width and depth extend8 
from the extremity of the beak to the front margin. It invariably reaches its 
maximum near the front, which is not produced beyond the lateral portions in any 
of the specimens. The area is of nearly equal height and width, and so narrow 
that the large trGgular fiesure oocupiea more than half of its entire surface. 

Perrin Smith, Maozoia ohmgea in the f a m d  geography of Wfornie I J o n d  of &logy, Chicago, 
111, 1895, p. 373. 
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The sculpture is both very elegant and prominent. The mesial sinus, in the 
~ n t r e  of whioh there exists a mrrow, thread-like rib, is bordered on each aide by a 
large, broadly rounded rib. These two ribs become dichotomous in the apical 
region and are again subdivided into two smaller ones in the vioinity of the front. 
The lateral portions of the valve are ornamented with six to eight similar ribs on 
eaoh side of them oentral ribs, whioh are, however, always the Irtrgeat ,st well as the 
most prominent. Beyond the apical regon all the lateral ribs are subdivided into 
two or three d l e r  ones of irregular strength and width. I n  the vioinity of the 
mdinal edges the lateral soulpture becomes gradually more indistinct. 

The dorsal valve is less strongly convex than the ventral valve. It is provided 
mith a very small, but distinctly developed area. The mesial fold is but slightly 
elevated above the regular oonvexity of the valve, but nevertheless sufllciently well 
defined from the lateral plications. It is composed of a single rib at its origin, and 
continues so to some distance, when it becomes dichotomous. I n  large specime~~ 
each of these two main ribs is spin subdivided, before reaching the front. 
The intercostal depressions between the median fold and the lateral plimtiomj are 
ornamented with a, smaller rib, whioh is either single or dichotomous, but always 
thin and far inferior in strength to the other ribs. The lateral folds, which oocur 
to the number of seven or eight on each side of the median fold, are all broadly 
rounded, simple at their origin, and increase in height and width as they approach 
the margins of the valve. I n  young examples they continue aa simple ribs to the 
very margin of the shell ; in larger specimens, however, they become dichotomous or 
produce smaller ribs on each of their lateral portions. 

I n  both valves the surface is almost invariably oovered with numerous ooncen- 
trio lines of growth of irregular strength. 

The internal characters of this species are not known to me. 
The melbsurements, taken from an average sized example (fig, I), are a8 

follows :- 

Entire length of the ~he l l  . . . . . . . . .  94 mm. . . . . . . .  Length of thedorsal valve 28 ,, . . . . . . .  ,, Gratest breadth of the ehell 33 
Length of the hinge line . . .  14 ,, . . . . . . . . .  Thickness of both valve8 21 ,, 
ApicalmgIe of the ventral valve . . .  80° . , . . . .  d o 4  valve . . . . . . .  1 1 8 O  

The species can attain very considerable dimensions, as specimens, measuring 
60 mm. in length, h v e  been noticed. 

Nfzm ber of epeoimem examined.-32. 

Bemarks.-The species, whioh is beyond doubt most nearly related to the 
present one, is Spirver rajah, Salter (Palsontology of Niti in the Northern Hima- 
layas, p. 69) from the upper carboniferous rooks of Kashmir and Spiti. According 
to the excellent description and figures, given by Davidmn (Quart Journ. Gteol. Soc., 
London, XXII, 1866, p. 410, P1. I1,:fig. 31, the sculpture of Sp. rajah ia of a verg 
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aimiltbr type. The only important difference consists in the triplicate division of the 
main ribs in Sp. rajah, while they are, as s rule, dichotomous in Sp. tibetaflus. This 
difference is most distinctly marked in the character of the median fold in the dorsal 
valve. In Salter's species this median fold is composed of a prominent median rib, 
which produces smaller ones on each of its lateral portions, but continues as main rib 
to the front. I n  Sp. tibetanus the original median rib is not continued to the front 
but becomes subdivided in two ribs of equal width and strength. With regard to 
their general shape and outlines the two species stand in a similar relationship, as Sp. 
ovalis, Phill. to Sp. pinguie, Sow. Spirifer tibetanus is easily distinguished from 
Sp. rajah by the shortness of its hinge line and ma, the last being much more 
triangular and higher in proportion to its width. 

Spirifer Keilhavii, von Buch (Ueber Spirifer Keilhaoii, uber dessen Fundort 
und Verhiltniss zu ahnlichen Formen, Abhandl. K. Akad. W iss. Berlin, 1876, 
p. 66), which is nearly allied to Sp. rajah, diffars from the present species in the 
same characters, by which it is distinguished from the former, and by the absence 
of a median rib in the sinus of the ventral valve. 

Another species, which must be compared with Sp i~ye r  tibetama, is Sp. 
parryanw, Toula (Permocarbon Fossilien von der Westkiiste von Spitzbergen, 
Neuea Jahrbuch, 1875, p. 266, P1. VII, fig, 8) from Spitzbergen (Hinlopen 
Straits). Both from Toula's figures and description and from a personal examina- 
tion of his type specimens, I have been convinced of the close relationship existing 
between these two species. Sp. parryanole approaches more nearly the Sp. rajah 
by its compdively longer hinge line and area, but agrees with the present 
species in the dichotomous character of the median fold of the dorsal valve. The 
ornamentation is of the same pattern, as in Sp. tibedanus and in Sp. rajah, being 
composed of broadly rounded ribs, which become subdivided in the vicinity of the 
front. The development of a well defined median rib in the sinus of the ventral 
valve is also an important character, which is common to these three species. 

Among the representatives of this group of the genus Gpirdfer, charaoterised 
by large, broadly rounded, subdivided radial ribs, Spirifer WGoreki, Toula, Sp. 
tasmaniensis, Morris, and Sp. interplicatue, Rothpletz, may be mentioned. Their 
relationship to our species is, however, only a rather distant one, and will be more 
fully discussed in the description of $9. rajah in the second psrt of the p m n t  
volume. 

This group seem to be entirely absent from the Productus limestone of the 
Salt Range. 

Subfamily : MAR TINIINB, Waagen. 

Genus : MAILTINIA, M'Ooy. 

The name Bart inia has been proposed by M'Coy as a generic denomination 
for such forms, as belong to the relationship of Atlomites glaber, Martin. Davidson 
and L. de Koninck, however, rejected it and classed these forms in the genus 
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Spirifer, proving M'Ooy's diagnosis of his new genus to be insufficient and in pft 
even erroneous. Generic rank was restored to Matatinia by Waagen, who w m  
the h a t  to draw:attention to some characters of its typical speoiea, deserving of a 
distinct generic dmignation. Such characters are the exisknce of a punctured sur- 
face of the epidermis, and the absence of septa in the ventral valve. 

Martinia, if Waagen's definition of this genus is adopted, is rather richly repre6 
sented m the permooa~boniferoua fauna of Chitichun No. I, both in number of 
specks and inilividuale. Bat most of the specimens are too incomplete to allow a 
satisfactory de t eha t i on .  Nevertheless six species at least can be &tiqpished.. 

The typical Marthia glabra Mart., which in Europe is the mast common and 
widely spread type of this genus in carboniferous and permocarboniferous depoaih, 
is brtrely represented. I can only attribute a single specimen to M. glabra, and 
even this does not approach the typical shape of that form, but is distinguished 
by the absence of a distinct sinus in the ventral valve. 

A11 the rest of the specimens dSer from M. glabra by a considerably shorter 
hinge line, terminating occasionally on both sides h little wing-shaped prominences, 
and by a smaller sea. 

Among the species, which I am able to distinguish, a a ~ t i n i a  nucula, Rothpletz, 
B. semaplana, Waagen, and M. contraeta, Meek and Worthen, are identioal with 
previously described species. The two remaining species m new ones and will 
receive the names of M. mutomargindia and M. elegat~e. lhe  first is nearly 
allied to B. carinthiaoa, Bchellwien, from t b  Carnian Fusulina limestone of 
upper carboniferous age. 'Ehe eecond one seema to bear a close relationship both 
to M. nucula, Rothpl. and to M. Warthi, Waagen. 

Waagen arranged the Salt Itange species of the genua Ma~tinia in' three difEerent 
p u p s .  I did not think i b  advisable to follow his example, as these groups are based 
on external characters only. As has been proved by Tachernyschew's remarks regard- 
ing the internal characters of Martirrisr semiplanar (?) and iK, corcutum (M6m. 
Corn. QQol. Rnss., St. PQhbourg,  1889, 111, p. 869), very different types may 
easily be united in one single group, if their internal struoture is not accessible to 
observation. 

The rich development of the genus Martinia m the fauna of the Chitichun. 
limestone contrasts sharply with ita rarity in the fauna of the Salt Range Yroductue 
limestone. I n  the latter the few species, which have been described by Waagen, 

wcur in rather sporadic and isolated specimens, thus elearly indicating, that they 
are either stragglers from a territory, where the genus is far more plentifully deve- 
loped, or that they are the last representatives of a group of forms, which is on the 
verge of becoming extinct, and which had been more copiously deveroped in a for- 

. mer period." The number of specimens examined, as quoted in the diagnosis of 
each species described in this memoir, does not give an adequate idea of the actual 
number of representatives of this genus in the Tibetan collection. But among 76 
specimens of Martiaia, 19 only were found to be sufficiently well preserved to, 
allow a specific determination. 
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1. MABTINIA CF. GLABRA, Martin. P1. IX, fig. 4. 

1809. Conchyliotithea Anonrites glaber, Martin, Petrifioata Derbyenee, p. 11. 

For further synonyms eee Wasgen, PHI. Indioa, ser. xiii, Salt Range Forsils, I, Prodnotus Limestone Fossils, 
p. 631, and my memoir on the fauna of the Himblayan Produotns shales (Pt. IV of the present volume). 

, 

The only specimen available for description resembles in its circular outline, and 
in the absence of a well defined sinus, the example from Yorkshire figured by 
Davidson on P1. XII, fig. 10, of his monograph of the British carboniferous 
brachiopoda, and only referred to df. glab1.a with oonsiderable hesitation. The 
present specimen, however, differs considerably from the British fossil in the 

. . remarkably small disproportion in the depth of the two valves. 

. - 
The ventral valve is moderately vaulted and of almost equal length and breadth. 

The beak is but slightly prominent beyond the hinge line, incurved, and of moderate 
dimensions. The hinge line is considerably longer, than in all the rest of congeneric 
species, occurring in the permocarboniferous limestone of Chitichun No. I. It is 
more than one half the entire breadth of the shell. The area is comparatively large, 
elongated, and marked off from the remainder of the shell by sharply defined lateral 
margins. A sinus is but very indistinctly indicated in the vicinity of the frontal 
region. Nevertheless the frontal line is strongly produced, forming a tongue-shaped 
wave, which causes the front margin of the dorsal valve to be elevated above its 
general convexity. 

The dorsal valve is but partly preserved. It is very regularly curved in both 
directions, but slightly flattened in the proximity of the hinge line, where the latter 
unites with the lateral margins. A median fold seems to have bean present in the 
frontal region only. 

The ornamentation of the shell is of the same pattern as in the majority of 
specimens of the common M. glabra. - 

The measurements of this specimen are, as follows:- 

Entire length of the shell . . . . . . . .  28 mm. . . . . . . . . .  Length of the dored valve 23 ,, .. . . . . . . . . . .  Entire breadth of the shell 26 .. . . . . . . . . .  Length of the hinge line 13.6 
Thickness of both valves . . . . . . . . .  1 7 ' 6 , s  

. . . . . . .  Apical angle of the v e n d  valve app. 90' . . . . . . . .  ,, ,, n ,, ~0rs.d 9,  lOS0 

Number of apecirnens examined.-1. 

Bemark8.- Waagen (p. 63'7) oonsiders the shells, figured by Davidson on P1. XII, 
figs. 9 and 10, of his monograph, and referred with hesitation only to H. glabra, 
as very near allies to the Ruasian dZ: corclrlum, Kutorga (Verhandl. K .  Russ. 
Mineralog. Ges., St. PBtersbourg, 1872, p. 26, P1. V, fig. 9.) As regards its external 
shape the present specimen may likewise hold an intermediate position between 
the true M. g6abra and M. corculum. I do not, however, think, that it should be 
identified with the latter species, which is characterised by a very unequal depth of 
its two valves. 

Ct 
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I n  their internal charactare a remarkable difference between iK. glabra and 
M. corculum has  bee^ noticed by Tschernyschew (MBm. Com. (3601. Russ., St. PBtere- 
bourg, 1889, 111, No. 4, p. 369), who observed the existence of a large median 
septum in the ventral valve of Kutorga's type specimens, whmeaa in dl. glabra 
both septa, and dental plates are absent. 

I n  my specimen the internal characters are unfortunately not ams ib le  to 
observation. Externally, however, it seems to be much more nearly allied to Mar- 
tin's species than to the Russian form. I consequently deemed it preferable to leave 
it with B. glabra, without venturing, however, to identify it with the typical form 
of this latter species. 

Although M. glabra is most abundant in carboniferous rocks, specimens, whioh 
only differ from the typioal form by a shorter hinge line, are found in permian 
strata (Productus shales of Kiunglung encamping ground, Painkhtinda). No 
geological importanoe can therefore be attributed to the presence of the specimen 
under consideration in the permooarboniferous limestone of Chitichun No. I. 

2. MARTINIA NUCULA, Rothpletz. P1. VIII, figs. 6, 6. 

1892. xartinio nucula, Bothpletc, Die Perm- Triaa- und Juraformation .of Timor nnd Botti, P.lreonto- 
graphics, XXXIX,  p. 80, PI. IX, fig. 3, 7. 

This species, which is not at all rare in the permooarbonifemus limestone of 
Chitichun No. I, is distinguished from the true Murtinia gtabra Mart., acmrding 
to Rothpletz, by the strong1 y inflated apical region, by its very short hinge line, 
and by its small, indistinct1 y defined area. 

In  young specimens the sinus is only indicated by a median depression in the 
frontal part of the ventral valve. In larger specimens it is, however, more strongly 
developed as a rule. Its continuation towards the apical region is sometimes marked 
by a narrow, longitudinal impression or furrow. The front line asoends in a highly 
elevated tongue-shaped curve. In young specimens this frontal wave is almost 
acutely rounded, as in the figure given by Rothpletz on P1. IX, %. 7, of his 
memoir, but in later stages of growth it forms a more regular curve. 

Rothpletz states that the apices of the two valves touch each other in full grown 
individuals. None of my specimens exhibit this oharacter, although in some of 
them the two apices are rather approximate. But even my largest example does 
not the dimensions of the type specimen from Timor (loo. cit. P1. IX, fig. 3), 
and, moreover, the shell is but partially preserved in'its apioal region (of. PI. VIII, 
Q. 6). When the beak is perfectly preserved, as is the case in the amaler specimen, 
fig. 6, it appears to be strongly incurved and pointed. 

I n  spite of the strong inflation of the  apical region in the ventral 
valve, the two valves do not differ in depth very conspicuously. This is a gd 
character of distinction from M. semiplancs, Waagen, in which the dorsal valve is 
but slightly vaulted. 

I n  the shape of the very small and obscurely defined area 22. nuclcla agrees mith 
a. mntracta, Meek and Worthen (Paleeontology of Illinois, p. 298, Pl. 23, fig. 61, a9 
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has been remarked by Rothpletz. To the differences of these two species, enumerated 
by that author, the shape of the beak may be added, which is very prominent in the 
Asiatic fossil, but barely projects beyond the hinge line in the American species. 

The surface of the shell is smooth and covered with very numerous puncta, 
where its epidermis has been preserved. I n  the specimen, figured on P1. VITI, fig. 5, 
a number of indistinct, rounded ribs may beobserved near the lateral margins of tho 
dorsal valve. 

Rothpletz noticed the presence of two dental plates in the ventral valve of his 
species, a character, which is absent in the typical Martirria glabra. I have not 
succeeded in making out anything of the internal structure of my specimens. 

The measurements of the largest specimen (Pl. VIII, fig. 6) are, as follows :- 

Entire length of the shell . .  36 mm. . . . . . . .  Length of the dorssl valve . . 28 ,, 
Entire breadth of the shell . . . . . . . . .  38.6 ,, .. . . . . . . . . . .  Length of the hinge line 9 
Tlliokness of both valvee . . . . . . . . .  W ,, 
Apiaal angle of the ventral valve . . .  90° 
,. ,, , .. dorsal ,, . . . . . . .  app. 1103 

Number of specrmna esami9eed.-6. 
Remarks.-Rothpletz believes his species to be identical with the Artinskian 

form, which has been identifled with Waagen's N. semiplana, by Tschernyschew 
(MBm. Com. G6ol. Russ., St. PBtsrsbourg, 1889, 111, No. 4, p. 369, P1. V, figs. 1, 3). 
I am not inclined to follow this view, in which no sufficient strength has been laid 
on the fact, that the Artinskkn species is provided internally with a large median 
septum, whereas two dental plates are present in the ventral valve of M. ~wcula. 

From the Indian Martircia semiplarna, Waagen (Pal. Indica, ser. xiii, I, p. 686, 
P1. XLIII, fig. 4) the present species differs considerably by its larger size, by 
the absence of ridges bordering the area, and by the nearly equal depth of the two 
valves. 

- Martinia nucula has been collected by Wichmann in the permian rocks of the 
island of Timor. 

3. MARTINIA CONTRACTA, Meek and Worthen. P1. IX, fig. 3. 

1866. Spirifer glaber (Mart.) var. contt-acfus, Meek and Worthen, Geological Survey of Illi~lois, Val. 111, 
Pslmontolouy, p. 299, PI. 23, fig. 6. 

The specimens from the permocarboniferous limestone of Chitichun No. I, 
which ought, inmy opinion, to be identified with the present species, agree in every 
respect with the description and figures as given by Meek and Worthen in the, 

- 

memoir quoted above. 
Although in my monograph of the Produdus Shales Fossils (Pt. iv of this 

volume) I have quoted Nartinia contracts as a mere variety of M. glabra, Mart. 
sp., I now perfectly agree with Rothpletz (Palmntographica, XXXIX, p. 80) in 
considering it to be a true species. I t  belongs to the same group of forms as 
H. semiplarlou, Waagen, its two valves being of very unequal depth. 

Q 2 
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It differs from .M. glabra " in having a much smaller and more obwurely defined 
ventral area. Indeed the sides of the beak of its ventml valve round in so regularly 
to the foramen, that it is often difficult to see where the margin of the area is." 
(Meek and Worthen, loc. cit., p. 299.) 

From M. semiplana the present species is easily distinguished by its larger size, 
by the absence of any ridges, bordering the small, triangular area, and by the pre- 
sence of a shallow sinus in the ventral valve in the proximity of the front. 

The differences between M. cot~traata and M. nucula have been enumerated 
by Rothpletz. They chiefly consist in the strongly inflated apical region of the 
ventral valve in the latter species, and in the ditferent shape of the frontal wave 
which is sharply rounded or tongue-shaped in  M. nzrcula, whereas it forms a 
shallow curve only in  M. contracts. Nor does the small, well incurved beak 
project beyond the hinge line in the present species. 

No median fold or crest is developed in the dorsal valve. 
The figured specimen is of nearly the same size as the American one, figured by 

Meek and Worthen. Its measurements are, ae follows :- 
Entire length of the ~hel l  . . . . . . . . . 22 mm. 
Length of the dorm1 valve . . - . . . . . . 17.6 ,, 
Entire breadth of the ohell . . . . . . . . 22'6 ,. 
Length of the hinge line . . . . . . . . app. 10 ,, 
Thickness of both valves . . . . . . 14.5 ,, 
Apiarl angle of the ventral valve . . . . . . . . 82' 

3, ,Y ,, 9, dorm1 3, . . . . . . . rpp. 110' 

The ornamentation of the nearly smooth shell is of the same pattern, as in 
M. glabra. The puncta, are of the epidermis have been observed in a few places 
of the ventral valve. 

Number of epecimene examined.-8. 
Remarks.-M. oontrrmta has been collected in the Chester group of the lower 

carboniferous series in Illinois. 

4. R T M I A  SEMIPLANA, Wactgen. PI. VIII, fig. 7. 
1883. Mwtinia semiplanu, Wssgen, Palseontologia Indioa, mr. xiii, salt Range Foseile, I, Productns 

Limeatone Fossils, p. 636, PI. XLIII, fig, 4 
1889. Martinia(P) rmiplana P, Taohernyechew, Qeologische Beschreiburg den Central Urcrls nnd dee Wests- 

bhanges, MQm. Corn. (3601. Boea., St. PBteraboarg, 111, No. 4, p. 369, PI. V, fig. 1, 3. 
1892. Yartinia retniplana, Flchellwien. Die Fauna dee Knrniachen Fuanlinenkallra, I. Th., Paleaonto- 

graphics, XXXIX, p 39, PI. IVY fig. 12-16. 

This species belongs to s group of forms, which are characterised by the un- 
equal depth of the two valves, of which the dorsal valve is oonsiderably flatter. 

The ventral valve is of a cimular outline, strongly vaulted, and provided with a 
hroad beak, which projects considerably beyond the hinge line. The small and 
concave area is pierced by a comparatively large triangular fissure and marked off 
from the remainder of the shell by distinct, though very low, ridges. In  the speci- 
mens under description a sinus is entirely absent, but replaced by a thread-like mesial 
furrow. The frontal part ia but slightly produced and a~cends in a very flat curve. 
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The dorsal valve is much flatter than the opposite one, and 'more strongly 
curved in the transverse than in the longitudinal direction, whereas in the ventral 
valve the curve is almost equally strong in both directions. No median fold corre- 
sponds to the longitudinal impression in the ventral valve, but the median part of the 
dorsal valve is shaped into a sort of an obtusely rounded crest, from which on both 
sidea the valve flatly slopes down in a roof-like manner. 

Martinia sernipluna is a rather small species. The measurements of the 
figured speoimen are aa follows : - 

Eotire length of the shell . . . . . .  14 mm. .. Ler~pth of the dorsal valve . . . . . . .  12 .. Entire bresdth of tbe rhell . . . .  14 
Length of the hinge line . . , . . . 5 , ,  .. Tbioknessofbothralve8 . . . .  8 

. . . . . . . .  Apioal ~ng l e  of the ventrd valve 8bC 
dorsal 118' * , , . . . , .  . . . . . . . . . .  

Number of epecirnene examined.-2. 
Remark8.- Ha~ti?iita eemiplana has been quoted by Waagen from the Virgal 

beds of the middle Productus limestone in the Salt Range, and by Schellwien 
from the Carnian Fusulina limestone of the Krone, which corresponds in its strati- 
graphioal position to the GFshelian stage of Central Russia and to the upper carboni- 
ferous Fusulina limestone of the Ural Mts. 

Tschernyschew identified an Artinskian Martinia with Waagen's Salt Range 
species, but grave doubts have been raised as to the correctness of this identifia. 
tion. Tschernyschew gives the following description of the internal characters in 
his Artinskian form : 

The internal structure of this species "differs considerably from that in a 
typical Martinia, which is distinguished by the absclnoe of any septa or dental 
platea in its ventral valve. A median septum distinctly shows through the transpar- 
ent shells of the Artinskian specimens, from the apex of the ventral valve for the 
third part of the length of the latter. A septum of exactly the same shape is 
visible in the ventral valves of M. corczslsrm, as I have been able to state from 
my personal examination of Kutorga's type specimens. In  this respect the upper 
carboniferous and Artinskian species reoall the triassic genus Msntzelia, Quenstedt, 
from which they differ, however, in the absence of dental platea. I think that 
theae forms miglit rightly serve as prototypes of a distinct genus, although I 
prefer to abstain from giving a name to the latter, in view of our insdcient 
knowledge of its internal characters." 

Waagen has observed nothing of the intern1 characters of his type specimen 
from the Salt Range. But Schellwien, who examined some of his Carnian 
examples, did not suoceed in finding any trace of s median septum in their ventral 
valves. That the specimens from the Fusulina limestone of Carinthia are identioal 
with the Indian M. eemiplana, cannot be questioned, as his identifioation has been 
confirmed by Waagen himself on the ground of his personal examination of 
Schellwien's types. It is therefore very doubtful, if the Artinskian shell, d~scribed 
by Tschernyschew, ought to be united xith the present speoies. 
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Rothpletz (Palaeontograpllica, XXXIX, p. 81) likewise' believe Tscherny- 
sohew's Artinskian species to be different from Mat-tinia aerniplarra, but identifiee 
it, although with some hesitation, with his B. nucula from Tirnor. I think this 
should not be done, beeause in M. nucula the ventral valve ia internally provided 
with two dental plates, but not with a median septum. 

6. MABTINIA ELEQANS, nOV. Sp. . PI. VIII, figs. 1, 2 ;  PI. IX, figs, 1, 2. 

The specimens, for which this new denomination is introduced, recall the 
group of Martinin Warthi, Waagen (Pal. Indica, ser. xiii, I, p. 530) by the 
development of little wings on both sides of the very short hinge line. 

M. eleganu is a, large and beautiful species. Its general outline is either 
slightly elongated or as long as it is broad. The valves are not equally inflated, 
the dorsal valve being, as a rule, less deep than the ventral one, but the dispropor- 
tion in their depth is not very considerable. It is more conspicuous in the type 
figured on Y1. lX,  fig. 1, than in all the rest of my specimens. 

The ventral valve is strongly vaulted and about equally curved in both direc- 
tions. The apical region is not so much inflated as in M. nueula. The beak is 
rather small, well incurved, and scarcely projects beyond the hinge line. It 
bears on its dorsal side a, very small, concave area of a nearly equilateral shape, 
whioh is almost entirely occupied by the triangular fissure. This area is separated 
from the remainder of the shell by sharp and narrow, often considerably elevated 
ridges. I n  some of the specimens these ridges are bordered by a flatly rounded 
furrow along their exterior margins. 

The hinge line is very short, reaching one third, or, exceptionally, two fifths 
of the entire breadth of the shell only, and terminates on both sides in little wing- 
shaped prominences. 

A mesial sinus is always distinctly indicated, originating either in the apical 
region or reaching up at least half way from the line. It muses the frontal part 
of the shell to ascend rather strongly into a frontal wave. The latter is much more 
strongly elevated in full grown than in adolescent individuals. I n  the largmt 
specimen (Pl. VIII, fig. 1) it is distinctly tongue-shaped and produced into a sort 
of a ridge, which overhangs the general convexity of the dorsal valve. This charac- 
ter is chiefly observable in a lateral view of the shell (fig. 1. c ) .  

I n  the dorsal valve there is no median fold or crest, corresponding to this sinus. 
It is much more strongly vaulted in the transverse than in the longitudinal 
direction. Longitudinally it is distinctly curved in the apical region only, but 
flattened or even slightly hollowed in the vicinity of the front line. The apex is 
little prominent and slightly bent over. The narrow ooncave area is bordered by 
similar ridges, like in the ventral valve. 

In one of the specimens (Pl. VIII, fig. 2) the surface of the shell is suffi- 
ciently well preserved to show the punctation. As in a typical Martinia it con- 
sists of very numerous irregularly clustered granulations and impressions, giving 
to the epidermis of the shell the appearance of shagreen. Besides this very faint 
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ornamentation, both valves are oovered with numerous thin, concentric lines of 
growth. 'l'raoes of a radhl sculpture are occasionally indicated in the proximity of 
the lateral margins. 

Of the internal characters of this species nothing is known to me. 
The measurements of the largest specimen are as follows :- 

Entire length of the ~hel l  . . . . . . . . .  61 mm. .. . . . . . . . . .  Langth of the dor~al valve 44.5 .. Entile breadth of the al~ell . . . . . . . .  47 
Lrngth of the llinge line . . .  19 ,. .. Tbicknwa of both valves . . .  32 
Apical angle o f  the ventrsl valve . 8 4 O  

,. ,, .... dorsal , . . . . . . . . .  10SO 
Arum ber of specimen8 examin~d.-6.  
Rrrnark~  -This species can be easily distinguished from dl the congenerio 

forms which have been hitherto described. 
From Mtrrtinia suculn,  Rothple-tz, which it resembles in external shape, 

especially in the development of the sinus and of the tongue-shaped frontal wave, 
it differs in its less strongly inflated apical region, its sharply limited area, and 
the development of little wings on bpth sides of the hinge line. Nor are the beaks 
of the two valves ever so conspicuously approximate. 

From 22. semipla?ia, Waagen, it is distinguished by its much larger size, by 
the lesser disproportion in the depth of the two valves, by the presenoe of a well 
developed median sinus, and by its hinge line terminating in little wings. 

The differences between our species and all the Salt Hange forms belonging to 
the group of M. Warthi, Waag., are so conspiouous that I need not dwdl upon 
them. 

6. %~ARTIXIA ACUTOMARGINALIS, nOV. Sp. . PI. VILI, figs. 3, 4 

This is a small specif%, with a slightly elongate and pentagonal outline. 
The ventral valve is strongly but very regularly vaulted. The apical region is 

barely less inflated than in J!tavtinia ~lucula, Rothpletz. The beak is thick, little 
prominent beyond the hinge line, and well incurved. The area is small, indistinctly 
defined, and occupied almost entirely by the equilateral triangular 6ssure. The 
hinge line is very short, with rounded terminations, and without any wing-shaped 
prominences. The sinus is very broad, perfectly flat, and entirely restrioted to the 
strongly produced frontal part. It is limited on both sides by a short, rounded fold, 
which is followed again by a rounded depression or furrow. This sort of sculpture 
gives to the lateral nlargins of the valve a zigzag shape. I n  the frontal region the 
middle part of the shell, corresponding to the sinus, is much produced, and oauses 
the frontal wave to asoend very strongly. 

The dorsal valve is also strongly vaulted, espeoially so in the apical region, 
whereas it gradually flattens in the longitudinal direction, when approaching 
the front line. The beak is slightly bent over, and overhangs an extremely 
narrow, indistinct area.. The apioes of the two valves are rather a~proximate. 
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In the frontal portion a broad, indistinct median fold mrresponds to the 
sinus in the opposite valve. I t  is limited on both sides by rounded depreseions 
whioh are followed again by very low and short folds. !I'hia sort of sculpture is 
entirely restricted to the proximity of the lateral and front margin@, whioh are 
slightly elevated and shaped into sharp edges. - 

The ornamentation oonsish of very thin and numerous ooncentrio stris of 
growth. I n  the depressions on both Sides of the median fold of the dorsal valve, thin 
radial striae have been noticed. 

The measurements of the smaller, but more oomplete, specimen (Pl. VIII, 
fig. 3) are as follows :- 

Entire length of the shell . . . . . . .  13 mm. 
Length of the dorsal valve . . . . . . .  10 ,, 
Entire breadth of the shell . . . . . . . . .  11.6 ,. 
Length of the hinge line . . . . . . . .  4'6 - . . . . . . .  Thiakneas of both valves . 1 0 ,  

. . . . . . . .  Apical angle of the ventral valve 7b0 
dorm1 110O , , . . . . . .  . . . . . . . . . .  

Number of 8pecimens examined.-2. 
Remarks.-This species seems to be very nearly related to llZ carinthiaca, 

Sohellwien (Palaeontographica, XXXIX, 1892, p. 41, PI. MII, fig. 16, 16) from the 
upper carboniferous beds of the Krone the Carnian Alps. I t  is only distin- 
@shed from the latter by very subordinate oharacters,-namely, by its thioker, 
more strongly i.nourved beak of the ventral valve, and by the trapezoidal shape of 
the frontal wave. I n  this respect M. acuto9nnrgi4~alis is very t , ~  M, 
Warthi, Wtaagen (p. 633, P1. XLIII, figs. 2,8), from which species it differs, how. 
ever, in the absence of any ridges or furrows separating the area from the remainder 
of the ventral valve, and in the rounded, wingless terminations of its hinge line. 
In  spite of the external similarity to H. Warthi, the present speoies therefore 
seems to be more nearly allied to M. carinthinca. Their relationship is certainly 
a very close one. 

Subfamily : RETICULARIINB, Kaagen. 

Genus : R E T I C U W I A ,  M'Coy. 

This genus, which was introduced by M'Ooy for Reticuta~da reticulata and 
its allim, is represented in the permooarbonifemus fauna of Chitichun No. 1 by - 
one single species only, R. lineata, one of the most common and far-spread fo- in 
the cmboniferous and permian rooks of the Old World. 

1. RETICULARIA LINEATA, Martin. PI. IX, figs. 6, 6, 7, 8. 

1809. Conchyliolitiur Anomites lireatur, Martin, Petrificate Derbyensia, T1. XXXVI, fig. 3. 
1821. Tsrebratulo lineat@, Sowerby, Minerel Co~~ahoIogy,'Vol. IV, p. 39, PI. CCCXXXIV, figs. 1, 8. 
1836. Spirifera lineata, Phillips, Geo!ogy of Porkshire, p. 219, P1. X,  fig. 17. 
1840. ti'piryefcra lineato, v. Bnoh, Esssi d'nne olassification dea Delthyris, MBm. Soo. QBol. Fnruae, IV, p, 199, 

P1. X, fig. 26. 
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1843. Spirifsr li*atur, L. de Koninck, Dewription des animsux fo~i les ,  qni re trouvent dm8 le terrain 
aarbonifhm de Belgiqne, p. Z70, Pl. XVII, fig. 8. 

184k R s t i c u l a ~ i a  linsata, M'Coy, Sjnopsis of the c h a m t e n  of the aarbouiferour fossils of Ireland, p. 14. 
1846. Spirifer lineatus, de Vernenil, QBologie de la Ruosie d'Europe, eto., Vol. 11, Pal4ontologie, p. 147, 

P1. VI, fig. 6. 
1867-1862. Spitifera linsata, Dnvidaon, Monograph of the British Carboniferous Brachiopoda, p. 63, P1 

X 111, figs. 4-10. 
1866. Spirifcr linsatua, Beyrich, Ueber eine Kohlenkalkfauna von Timor, Abhandl. K. Akad. Wiss. 

Berlin, p. 76, Pi. I ,  fig. 13. 
1873. Birifsr l&atua, L. de Koninck, Monographie dea fosailea aarhoniferes de Bleiberg en Carinthie, p. 66. 

PI. 11, fig. 11. 
P 1876. Spirifer lineatur, Trautechold, Die Kalkbriiahe von Mjatachkown, p. 79. P1. VII I ,  fig. 7. 
1878. Spirifsr linsatus, Abich, Geologische Fotsohrlngen in den kankeaischen Landern I. Th. Eine Bergkalk 

Fanna ans der Araxmnge bei Djonlfa, p. 79, P1. VI, fig. 6.7, 8 ; PL VII ,  fig. 1 0 ;  PI. IX, fig. 6. 
1883. l3eticulario lineata, Wasgen, Palmontologis Indica, ser. xiii %lt Bange Fossils, I, Productue Lime- 

stone Foeeile, p. 540, PI. XLII, figs. 6-8. 
3888. 8pil.ifer Zinsatur, Kayeer, Obercarbonische Fanna von Loping, Riahthofen's China, IV, Bd., p. 174, 

PI. XXII, figs. 6-7. 
1889. Reticularia linsata, T~chernyrchew, M6m. Corn. OM. Runs., 6t. PBtenhourq, 111, No. 4, p. 368. 
1890. R. lineat&, Nikitin, M6m. Com. (3601. Runs., St, F6tersbonrg, V, No. 6, p. 66. 
1892. R. liweaba, Bclellwien, Die Fanna deu Karnisohen Fnsnlinenkalks, I Th., Pnlaaontographica, XXXIX, 

p. 38, PI. VI,  fig. 10-13. 
1892. R. lineata, Rothpletz, Die Perm.-Trias- ntd Jnraformation auf Timor ntld Botti, Palsontographica, 

XXXIX, p. 81 PI. IX,  fig. 8. 
1894. R, l k a t a ,  Suess, Beitriige zur Stratigraphic Central Asiens, Denkacbr. K. Akad. Wise. Wien, math. 

nat. CI., LXI, p. 463. 
1895. B. linsata, Tornqnist, Dss foesilfuhrens des Untercsrbnn am ostlichen Rossbergmaseiv in den 

Siidvogemn, AbhandL zur Qeologisohen Specialkarte von Elaaea Idhringen, V, pt. 4, p. 121, PI. 
XVI, fig. 6. 

1896. Martinia lincata, Jnlien, Le terraiu carbonifare marin de la Frsnce Cantrale, p. 98, P1. I1,fig. 9-13, 
PI. VIII ,  fig. 6. 

Among the wllections from Chitichun No. I, t.his species is rather richly 
represented by specimens of very different size, but varying little in their general 
shape and outlines. The majority come very near the typioal form from the English 
mountain limestone, especially the type from the Craven district, figured by David- 
son on PI. XIII, fig. 9, of his monograph. 

My specimens are suborbicular or elongately oval, although the difference in 
length and breadth is somewhat small. They are strongly inflated, the two 
val;~., being, as s rule, almost equally deep. The hinge line is alwaye considerably 
shorter than the greatest breadth of the shell, and provided with rounded cardinal 
angles. 

In all my specimens the ventral valve is distinguished by a high and strongly 
incurved beak. In this respect they recall the variety of 8. lirreata, from the 
permian rooks of Titnor, which has been figured by Beyrich. In the Tibetan 
specimens, however, the beak never projects m strongly as in Beyrich's figure (Pl. I, 
fig. l t b ) ,  but the apices of the two valves are always rather distadt, like in the 
speoimen, fig. 10, on PI. XIII, of Davidson'a monograph. In  well preserved 
examples the beak is distinctly pointed. The area is small and only obscurely 
defined by lateral margins. The triangular fissure, in which traoee of a pseudo- 
deltidium have been occasionally notioed, is of the same shape and size as in 
L' ~vidson's British exampies. 
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I n  the majority of tho specimens the sinus is very shallow and confined 
to the proximity of the front. In  young individuals (Pl. IX, fig. 7) it is barely 
indicated at all. The only speoimen among the materials from Chitichun No. I, 
prorided with a deeper sinus, is the one figured on P1. 1% fig. 6. I n  this specimen 
the frontal part of the shell is slightly produced and elevated. 

The dorsal valve is very evenly convex and without any median elevation. Tho 
shape of the apical region and of the area agree with the desoription given of these 
characters in the Salt Range speoimens by Prof. Waagen. 

The sculpture is exactly -the same as in European specimens from the 
mountain limestone of England or Belgium. The specimen, fig. 8, in which the 
shelly layer has been vie11 preserved, exhibits the characteristic ornamentation, 
marked by numerous, very thin, radiating stria, which are arntngecl between the 
more distant concentric lines. The reticulation is never so distinct as in the Indian 
specimens, which have been figured by Waagen. 

The measurements of two specimens (Pl. IX, figs. 5 and 8) are as follows :- 

I (fig. 6). 11 (fig. 8). 
Entiw length of the ahell . . . . . . . 29 mm. 23 mm. 
Length of the doreal valve . . . . . . 23 ,, 18.6 ,, 
Entire breadth of the shell . . . . . . 29 ,, 19.6 ,. 
Length of the hinge line . . . . . . . 17 ,, l2 ,, 
Thioknees of both rnlves . . . . . . . 20'5 ,, 16 ,, 
Apical angle of the ventral valve . . . . . @OO 70'' ,. ,# ,, ,, dorsal ,. . . . . .  P 1200 

I have not been able to ascertain the internal oharacters in any of the Tibetan 
specimens. 

Amber  of specimen8 examined.-7. 
Remarks.-Reticularia lineata is a very common and widespread species 

ranging from the lowest carboniferous into permian strata. I n  @reat Britain it 
ranges from the lower limestone shales into the grit, whilst in Belgium 
it is most abundant in the Calcaire de Vis6. It ig known from the mountain lime- 
stone of Alsatia, Central f iance and Silesia. Moller, de Verneuil, Griinewaldt, 
Trautschold and Nikitin quote it from the carboniferous deposits of Russia. 
Tsohernyschew discovered it in the Artinskian marls of permocarboniferous age, 
Schellwien in the upper carboniferous Fusulina limestone of Carinthia. I n  the 
eastern region it has been mentioned from the permian strata of Julfa by Abich ; 
from the upper oarboniferous rooks of Loping by Kayser, and of Tongitar in the 
Koktan Range by E. Guess, who discovered it in the, collections made by Dr. 
Stoliczka ; from the lower Productus limestone of the Salt Range by Waagen 
from the permian rocks of Timor by Beyrioh and Rothpletg. 

A somewhat doubtful fragment (ventral valve) from Barenta Island (Novaya 
~ e m l j a j  has been de~cribed as 8pirfer tineatus, Mart. var., by Toula (Sitzgsber. K. 
Akad. Wiss. Wien, LXXI, I. Abth., 1875, p. 19, P1. 11, fig. 3). L. de Koninck 
(R,echerches sur lea fossiles palhzoques de la Nouvelle-galles du Sud, Bruxelles, 
1876-77, 3 ptie, p. 224, P1. XI, fig. 9) figures a ventral valve from the carboni- 



f erous strata of New South Wales, which be identifies with Spirifer linealus, Mart., 
but it is impossible to decide from the figure whether the Australian form is 
identical with the European and Indian types of Reticularia Zineata. 

Acoording to Waagen the presence of the true K. lineata in America is very 
doubtful. The smaller species, which has been called R. perplera by McChesney 
(Descr. New Palaeozoic Fossilsy 1860, p. 43), must at all events be kept separate. 

A species, which I am likewise inclined to consider as specifically distinct 
from the present form, is R: conularis, Griinewaldt (Beitriige zur Kenntniss der 
sedimenttiren Gebirgsformationen, etc., MBm. Acad. Imp. 8ci. St. PBtersbourg, 
s6r. vii, 11, No. 7, 1860, p. 102, P1. IVY fig. 2) although Trautschold quotes 
it partially among the synonyms of B.  lineata and of Martiflia glabrcr. According 
to Griinewaldt's description, t'le most important feature in the species from the 
Ural Mountains is the extraordinary disproportion in the size of its valves, the 
ventral valve being about three times as deep as the dorsal one. Neither in this 
character nor in the shape of the strongly elongated beak do any of my specimens 
agree with Griinewaldt's type specimen from Artinsk. 

Family : dTHYRIDB, Phillips. 

Sub- family : ATHYRINZ, Waagen. 

Genus : ATHYRIS, M'Coy. (SPIRIGERA, d'orbigny.) 

1. ATHYRIS ROYSSII, LBveille. P1. X, figs. 1, 2,3, 6. 

1835. Spit$. de Royaaii, Mveille, Mkm. Soa. (3601. France, 11, p. 39, P1. 11, fig.118-20. 
1a3 .  Tsrcbratula Boyasii, de Koninok, Ddaoription des snimanx fossiles qui ee trouvent dans le termin mr- 

bonifhre de Belgique, p. 300, P1. XXI, fig. 1. 
1858. dthyl.ir Boyasii, Davidson, Monograph British Carbon. Braobiopoda, p. 87, P1. XVIII,  fig. 1-11. 
1862. A. Boyrsii, l)avidwn, Quart. Journ. Cfeol. Soc., Londou, XVIII, p. 27, P1. I ,  fig. 6. 
1863. A .  Boyrrii, Devidson in L. de Koninck, M8m. snr les fossiles Pal6ozoiquea, recueillis dans l'Inde, p. 33, 

P1. IX, fig. 6. 
1865. Bpirigsra Boyrsii, Bsyrioh ex parts, Ueber eine Kohlenkelkfanna von Timor, Abhandl. K. Akad 

d. \Vissensch., Berlin, 1864, p. 74, PI. I, fig. 3. (non 2). 
1883. Athyhr Royraii, Waagen, Palsontologia Indioa, ser. xiii, salt Bange Fossils, I, Prodnotas Lime- 

stone Fossils, p. 475, PI. XL, fig. 6-12, PI. XXXIX, fig. 10. 
1897. A .  Boyrrii, Diener, Himalayan Fossils, Palaeontologia Indioa, ser. xv, I,  Pt. 4 PI. V, figs. 5, 7. 

I n  my memoir on the fauna of the Himtilayan Productus shales I have fully 
my intention in giving this specific name to the rrimglayan specimens. 

Wnagen has distinguished among his group of Athyris Royssii quite a number 
of forms, to whioh he applied specific denominations. Although I agree with 
Rothpletz (Palaeontographica, XXXIX, 1892, p. 81) in considering these distinctions, 
on rather insignificant characters, of no great importance, I do not object to 
accepting Waagen's species, as I can easily distinguish them among the. Tibetan 
material. 

The overwhelming majority of specimens, which have been collected in the 
permooarboniferous limestone of Chitichun No. I, belong to Waagen's At hy ris 
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Roycrs;i typica. They agree very well both wit11 Wasgen's types from the Salt 
Range and with the permian speoimens from the Productus shales of JoMr and 
Painkhhnda. The three figures given in this memoir show the amount of variability 
among the Tibetan types. Their general outline is either circular or  lightly 
subpentagonal (Pl. X, fig. 1). As a rule the transverse diameter is a little larger 
than the longitudinal one. The valves are comparatively h t .  Specimens which 
are more strongly vaulted than that figured on P1. X, fig. 3, are rare. 

Neither the sinus in the ventral and the oorresponding median fold in the dorsal 
valve are ever very conspicuous, and in some of the specimens (Pl. X, fig. 2) even 
entirely absent. But even in suoh apeaimens a flat frontal wave is indicated. 
The foramen of the beak is rather variable in size, but, as a rule, larger than in 
Beyrich's specimen from the Island of Timor. 

The ornamentation of the shell is of exactly the same pattern, as has been 
noticed by W q e n  in his Indian specimens. 

I n  the example figured on P1. X, fig. 6, the internal characters are partly 
accessible to observation, a portion of the spinal appendages having been laid bare. 

My specimens do not attain as large dimensions as those whioh have been 
figured by Davidson from the British mountain limestone. The largest example 
nearly attains the same size as the one figured by Waagen on P1. XL, fig. 8, of 
his memoir, but is considerably flatter. The measurements of two smaller speci- 
mens (Pl. X, figs. 2 and 3) are as follows :- 

I (fig. a). 11 (fig. 3). 
Entire length of the shell . . . . . . 28.6 mm. 29 mm. 
Length of the dorsal valve . . . . . . . 27 ,, 27.5 ,, 
Entire breadth of the shell . . . . . . 31 ,, 31 ,, 
Thiokness of both valves . . . . . . . 16 ,, 19 ,, 
Apical angle of the ventral valve . . . . . . llsO lWO 

, ,, ,, ,, dorsal ,, . . . . . . 121' 119O 

N u m b e r  of specimens rxaminrd.-117. 
Remarks.-A. Royssii is by far  the most common shell in the permo- 

carboniferous limestone of Chitichun No. I. I n  the Salt Range it is likewise largely 
distributed through the middle and upper divisions of the Productus limestone, 
while it is very rare in the lower Productus limestone. Waagen considers his 
Indian specimens as absolutely identical with the typical forms from the mountain 
limestone of Europe. L. de Koninck (Faune du caloaire carbonifere de la Belgique, 
Ann. Mus. Roy. d'Hist. Nat. Bruxellm, XIV, 1887, pt. 6, p. 85) does not share 
in this view, but believes all the shells from upper carboniferous and permian strata, 
which have been classed by palaeontologists among the synonyms of A. Royeeii, to 
be specifically different from LBveillB's species. 

The Indian A. Royesii is certainly. identical with the types from the permian 
Productus shales, from Timor and from Chitichun No. I. Whether the specimen 
from the permian rocks of Julfa, which has been desoribed and figured by Abich 
(Geologische Fopschung'en in den kaukasischen Liindern, I. Th. Eine Berg- 
kalk fauna aus der Araxesenge bei Djoulfa, p 62, P1. VII, fig. 8) as A l h y  ris 
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Royssii, belongs to this speoies, even in the wider definition adopted by Waagen, 
is, to my the least, very doubtful. 

2. ATHYBIS ~UBEXPANSA, Waagen. P1. X, fig. 4. 

1883. Athyvir rubsirpama, Wesgen, Palmntologia I n d i a ,  utr. xiii, SIlt Eange Foesilg I, Prc,daotos 
Limbrtone Posails, p. 478, PI. XXXIX, fie 1-6. 

The only speoimen among the material from Chitichun No. I, which I am able 
to  identify with the present species, agrees perfectly well with Waagen's descrip- 
tion and figures. I n  its transversely oval outlines and in its oomparatively flat shape 
it especially recaJls Waagen's speoimen from Musakheyl (loo. cit. P1. XXXIX, 
fig. 4), but in the characters of the sinus it approaches more nearly his example from 
XhlAbagh (fig. 3). The sinus is very shallow and indicated only in the proxi- 
mity of the front, causing the middle portion of the frontal part to be slightly bent 
up. In  this respect my specimen ie most nearly related to A. expansa Phill. 
(Davidson, Mon. Brit. Carb. Brach., p. 82, P1. XVI, figs. 14, 16, Id ;  XVII, 
figs. 1-6). 

I am really at a lose how to distinguish the latter species, from the mountain- 
limestone of Western Europe, from Waagen's A. subexpanra. The two characters 
which, acoording to Waagen's diagnosis, ought to serve for their distinction, namely, 
the presence of a well developed sinus in the ventral valve and the fringed expan- 
sions of the Indian form, do not seem to be constant features. The two specimens 
figured by Waagen on Pl., XXXIX, figs. 2 and 3 of his memoir, have only a very 
shallow sinus. On the other hand, Davidson in his description of Athyris expansa 
states the ventral valve to be occasionally provided with a gentle median depres- 
sion. Nor do the fringed lamelliform expansions in the sculpture of the shell seem 
to be entirely absent in the European form, so far a~ we may judge from Sowerby's 
description and figures in his Mineral Conohology (Pl. DCXVI, fig. 1). It is, 
however, true, that the median depression is extremely shallow in the specimens 
figured by Davidson. Thus a distinction of the two species may possibly be based 
on this insignificant feature. 

Of the ornamentation of the sbell I can say but little. The numerous, imbri- 
cating strite of growth are present, as in most of the congenerio forms, but I h a ~ e  
not been able to -verify Waagen's observation regarding the shelly fringes, the 
uppermost layer of the shell in my specimen having been injured by weathering. 

The measurements are as follows :- 

. . . . . . . . .  Entire length of the shell 26 mm, .. Length of the dorm1 valve . . . . . . .  23'5 .. Entire breadth of the shell . . .  32 
Thioknese of buth valves . . 1 5  ,, 
Apioal angle of the ventral valve . . .  1 2 5 O  . . . . . . .  ,, ,, ,, ,, doreal ,, .134" 

Xurnbes. of aperim ens examined.-1. 

Remarks.- W q e n  quotes A. subrx~:anen from the middle and upper divisiom 



of the Salt Range Productus limestone. It is most abundant in the Virgal and 
KBlabagh beds, but very rare in the Katta beds of the middle Produotus limestone. 
Whether it is also present in the upper carboniferous or permocxrrboniferous depo- 
sits of Russia cannot be determined, as no figures of A. Boyeeii have been given 
by Tschernysohew and Nikitin, who quote the latter species from Central Russia and 
from the Ural Mountains. 

3. ATHYRIS CAPILLATA, Waagen, P1. X, iig. 6. 

1883. Alhy* eapilIata, Waagen, Palmntologir Indioa, ser. xiii, Salt Range Fossils, I, Prodnctun Limeatone 
Fossils, p. 479, P1. XXXIX, figs. 6-9; P1. XL, figs. 1-55 ; PL XLII, figs. 1-6. 

1892. Spiriqera Boyasii var. capillata, Rotbpletz. Die Perm- Triaa- nnd Jumformstion ant Timor nnd 
Botti, Palreontographice, XXXIX, p. 81, P1. X, fig. 2. 

There is only one fragmentary specimen in the Tibetan collect ion, which exhi- 
bits the characteristic ornamentation of this species, and may oonsequently be kept 
separate from Waagen's dthyr ie  Royssii typica. The shell is of a, nertrly circular 
outline. Its valves are more strongly inflated than in the majority of the speci- 
mens of A. Royeeii. The mesial depression in the ventral valve is shallow, but 
distinctly indicated. The very large number of lamellar striae of growth, which 
are covered with thickly set hair-like fringes, is a good character of this species. 

The measurements of my specimen are as follows :- 
Entire length of the shell . . . .  25'6 mm. . . . . . . . . .  Length of the dor~al valve 24 ,, 
Entire breadth of the shell . . .  28 .. 
Thickness of the two valvee . . . . . . . .  16 .. 

Number of specimens examined.-1. 
Remarks.-Athyrie capil lata has been quoted by Waagen from the middle and 

upper divisions of the Salt Range Productus limestone, where it is very common. 
I t  has not been collected either in the lower Productus limestone, or in the 
Katta beds of the middle Productus limestone. Rothpletz discovered the species in 
the collections, which have been made by Wichmann in the permian rocks of the 
island of Timor. 

Subgenura : SPI RI GE KELLA, Waagen. 

The genus Spirigereila was introduced by Waagen (Pal. Indica, ser. xiii, 
I, p. 450) for such species of Athyrinm, as d8er  externally from Athyris,  M'Coy 
(Spirigera, Orb.) in the shape of their apical region, the beak being bent over 
'so strongly and appressed to the apex of the dorsal valve, that the small foramen of 
the beak is entirely concealed. Internally the shape of the cardinal process and the 
mode of attachment of the primary lam ell^ mark a character of distinction of 
d t h y  rie. Rothpletz (Palzeontographica, XXXIX, 1892, p. 82) does not consider 
these characters of generic importance. Oohlert (in Fischer, Manuel de Con- 
chyliologie, 111, p. 1299) and Zittel (Gnmdziige der Palseontologie, 1895, p. 240) do, 
however, accept S' i r igere l l s  as a subgenus of Athyris.  I n  the present memoir I 
have followed the riems of these two learned authors. 
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I n  the permocarboniferous limestone of Chitichun KO. I, Spi~*igevella is re- 
presented by three species. Two among them are identical with forms, which have 
been previously described from the middle and upper divisions of the Salt Range Pro-. 
ductus limestone. 

1. SPIILIGERELLA DERBYI, Waagen. P1. XI, fig. 4. 

1883. Spirigerella Derbyi, Wsegen, Pala?ontologia Indica, ser. riii, Salt Range Fossils, I, Prodndns Lime. 
stone Fossile, p. 763, PI. XXXV, figs. 4-7, 9-13; PI. XXXVII, figs. 11-13; var. acutep2icda, 
p. 766, PI. XXXF, figs. 10,11, P1. XXXVII, fig. 11. 

Ft~r furtl~er sjnongms vide my monograph of the fo*sils of the Prodnctns shales (Pt. iv of the present volume). 

There is a solitary specimen among the material from Chitichun No. I, which, 
according to my opinion, must be identified with this species. I n  its dimensions it 
approaches most nearly the types, figured by Waagen under the varietal denomina- 
tion acuteplicata (especially P1. XXXV, fig. lo), or the specimens from the permian 
Productus shales (Pt. iv of the present volume, P1. V, figs. 6, 6). It is of the same 
size, a little longer than broad, and provided with a broad median fold in the dorsal 
valve, to which an equal sinus in the ventral valve corresponds. This sinus originates 
in the frontal portion of the latter valve only, and is only as deep, as in tho typical 
form of the Salt Range species. The beak is entirely appressed to the apical region 
of the dorsal valve, its foramen being therefore absolutely concealed. A tongue- 
shaped process is formed in the frontal region by the different breadth of the shelly 
zones in the frontal and lateral portions of the ventral valve, as it has been like- 
wise noticed by TVaagen in his types from the Salt Range. 

The surface of the well preserved shell is entirely smooth. 
The measurements of this specimen are as follows :.- 

Entire length of  the shell . . . . . . . .  16 mm. 
Length of the dors~ l  valve . . . . .  . 13.6 ,. . . .  ,, Entire breadth of the shell 14  
Thickness of both valves . . . . . . . . .  10 ,. . . . . . . . .  Apical angle of the ventral valve 88' . . . . . . . . . . .  , , , , . ,  ,,doran1 110' 

Number of epecimns examined.-1. 
Remarks.-Spirigerella Derbyi is peculiar to permocarboniferous and permian 

strata. It is one of the most common fossils in the Virgal and KBlBbagh beds of the 
middle Productuu limestone and in the upper Productus limestone of the Salt 
Hange. I n  the Hidlayas  it has been collected by Griesbach in the permian 
Productus shales of PainkhSinda. I n  America it occurs in the coalmeasures of 
Itaituba (Brazil), which, according to Waagen, ought to be correlated with the upper 
divisiona of the middle Product us limest one. 

The shape of the sinus does not allow an identification of the present species with 
Waagen's Sp. Derbyi var. acuteplicnta. 
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2. SPIRIGEREL~ GRANDIS (Davidson), Waagen. P1. XI, fig. 3. 

1862. Athyvia mbtilita, Ball, var. gwndia, Davidmn, Quart. Jonm. Qeol. &w., London, 'XVIlI, p. 28 
Pi. I, fig. 8 ( 7). 

1863. d t b p i r  rubtilitm var. grandir, Davidron, in L. de Koninok, Memoire our lea fosailer plCozoiquer 
rboneillia dans I'Inde, p. 33, Pl. IX, fig. 8. 

1883. Spirigerella grcmdis, Waagen, Pelaeontologia Indim, ser. xiii, Salt Range Foesib, I, Productua 
Limestone Poasils, p. 461, P1. XXXVI, figs. 1-7 ; XXXVLI, fig. 1. 

The Tibetan specimens do not vary so much, in shape and dimensions, as the 
representatives of this species in Salt Range Productus limeetone, which have been 
figured by Waagen. The reason may, however, be found in the fact, that I had 
to deal with a rather amall number and with adult individuals only. 

All are distinguished by a suborbicular shape, strongly inflated valves, a dis- 
tinctly apprwed beak, the foramen of which is very small and entirely concealed, 
and by 'the presence of a very shallow sinus. In the latter character they agree with 
the examples from Musakheyl, figured by Waagen on P1. XXXVI, figs. 3, 4. Bot11 
in the longitudinal and in the transverse direction the curve of the two valves is very 
equal. The frontal part is not produced. 

The ventral valve is about as deep as the dorsal one, and provided with a com- 
paratively small, strongly incurved beak, which is bordered on both sides by a very 
indistinct false area. The shallow depression, which corresponds to the sinus, is 
confined to the proximity of the front. In  the dorsal valve no median fold has been 
observed. Waagen describes the lateral margins of this valve as " hanging down 
laterally over the margins of the ventral valve in full grown specimens, thus envelop- 
ing them more or less." I have noticed this charaoter in several of my specimens, 
though only in a slight degree. 

The ornamentation of the two valves consists of numerous imbricating striae 
of growth, which occur at irregular distances. In  places, where the fibrous shell 
has been injured by weathering, very numerous but extremely thin, radial strim 
make their appearance within the zones, which are marked off by two lines of 
growth. , 

In  its general shape this speciea reads Athyris globulinc, Waagen (p. 487, PI. 
XLI, figs. 1-3), but it is considerably larger and the rounded foramen, as it is ex- 
hibited in the latter form, is not visible in any of my specimens. 

The dimensions of my largest specimen are as follows :- 

Entire length of the shell . . . . . . . .  . . 30mm. 
Length of the dorsal valve . . . . . . .  . . 27 ,, .. . . . . . . . . . .  Entire breadth of the shell 26 .. . . . . . . . . .  Thickness of the two valves 21 

Apical angle of the ventral valve . . . . . 95' . . . . . . . . .  3) IS 19  ,, dorm1 ,, 107' 

Xumber of specimens exanzined.- 4 

Remarks.-In the Salt Range Spirzgerella g~andi s  is almost entirely restricted 
to the middle division of the Productus limestone. Among 46 specimens examined 
by Waagen, there was only a single one from the upper division. In  the middle 
Productus limestone it is common both in the Virgal and Khliibagh beds, but does 
not descend into the Katta beds. 
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3. SPIRIGCERELLA PERTUMIDA, nov. sp. . P1. XI, figs, 1, 2. 

This species, which is represented by two specimens only, stands in a similar 
relationship to Spirigerella grandis, Waagen, or to Sp. media, Waagen, as does 
Beticu2arit-ia conutaris, Griinewaldt, to B. lineata, Mart. It differs from all the 
hitherto desoribed species of the subgenus Spirigerella in the very strong develop- 
ment of the apical region in the ventral valve. The greatest thickness of the two 
valves coincides with the cardinal region. 

me. ventral valve is as deep or s little deeper than the opposite one. I t  is 
' 

almost equally curved in the longitudinal direction, perhaps slightly more strongly 
in the apical than in the frontal region. Transversely the bend is very steep in the 
proximity of the margins, but becomes rather flat in the central portion of this 
valve. 

The apex is enormously inflated and strongly bent over. The beak is pointed 
and f i d y  appressed to the apex of the dorsal valve, its small foramen being thus 
entirely ooncealed. It is bordered on both sides by a comparatively large false area, 
whioh is not, however, marked off distinctly from the remainder of the shell. Later- 
ally it is not overlapped by the margins of the dorsal valve, as ia often the case in 
full grown individuals of Xp. grandis, Tbe frontal part of the valve is strongly 
produced. Of the two type specimens the one, which is distinguished by its more 
elongated shape, is provided with only a very shallow median sinus, whereas in the 
seoond the sinus is well developed and originates in the apical region, extending for 
about three quarters of the entire length of the valve. 

The dorsal valve is more strongly curved in the transverse than in the longitu- 
dinal direction. The median fold is developed as a sort of an obtusely rounded 
orest, in which the lateral parts of this valve unite, enclosing a right angle. This 
median crest originates in the very apex, but is only developed into a fold in the 
frontal region. 'l'his fold is neither very prominent nor rectangular. A smal l  pmt 
of the apical region only is concealed below the beak of the ventral valve. 

The omamentation of the two valves is the same as in Sp. grarrdi8, or in 8' .  
Derbyi. The shell is fibrous in its structure, whioh is well exhibited in a portion 
of the dorsal valve of the specimen figured PI. XI, fig. 1. 

Of the interior charaoters nothing, unfortunately, M known to me. The only 
feature, I have been able to observe, is the enormous thickness of the ventral valve 
in the apical region, reminding me of Waagen's desoription of Spirigerella grandis 
OOC. cit , p. 462). 

The measurements of the two type specimens are as follows :- 

I (fig. 1). I1 (fig. a). 
Entire length of the rbell . . . . . . 83 mm. 38 mm. 
Length of the dorsal valve , . . . . . 24 ,, 24.6 , 
Entire breadth of the rhell . . . , . . 30 ,, 27 , 
Thiokoean of both valvee . . . . . . 33 ,, 20 J, 

Apiodangle of the ventral valve . . . . . P app. 70° 
,, ,, Jn doreal ,, . . . . I S O O  1200 
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Number of epeoimene eaamined.-2. 
Bernarka.-It appea,rs to me, that the characters, whieh have been enumerated 

in the preceding diagnosis, espeohlly the extraordinary inflation of the rtpioal region 
in the ventral valve, are sufficient to distinguish this form from the hitherto described 
congeneric speoies. 

This species is certainly nearly allied to Spirigerella grandie, W q e n ,  or 
perhaps still more nearly to Sp. tirnoretasis, Rothpletz (Die Perm- Trias- und Jum- 
formation auf Timor und Rotti, Palaeontographica, 1892, XXXIX, p. 82, PI. X, 
figs. 4, 6). My specimens differ, however, Gom the figures of Sp. timorensis, given 
by Rothpletz, not only in the more strongly inflated apioea of the ventral valve, 
but also in the fact, that a considerably smaller part of the apioal region in the 
dorsal valve is concealed by the beak of the opposite one. Among the numerous types 
of Spirigerella from the permian rocks of Julfa, whioh have been united with true 
Athyrie in one single speoies, Spirigera pwtea, by Abioh (Geologische Forschungen 
in den Kaukasischen Landern, I. Th. Eine Bergkalk-Fauna aus der Araxesqp 
bei Djoulfa, Wien, 1878, p. 52) there is especially the one figured on P1. VII, 
fig. 7 of his memoir, which recalls Spirigerella perluvnida. It h a  been described 
by Abich (loc. cit., p. 68) as Spirigera protea var. globularis, Phill. That it 
must be kept separate from the true Spirigera (Athyris) globatlaria, Phill., has been 
proved by von Moller (Neues Jahrbuch, 1879, p. 226). It is probably identical 
with Spa'rigerella timorensis, Rothpletz, a species, which this author himself believes 
to be represented among the variations of Abich's Sp. protea. An identification of 
this Armenian form with Sp. pertosmida, is, however, impossible in spite of their 
general resemblance. In the specimen from Julfa the greatest thickness of the 
two valves is situated about half way between the front and the cardinal region, and 
the diBerenoe between the entire length of the shell and of the dorsal valve is only 
one sixth of the former, whereas it is more than one quarter in the Tibetan speoiee. 

Suborder ANCISTRO PEGMXTA, Zittel. 

Family : PORA M B O Y I T I D B ,  Davidson. 

Subfamily: ENTELETINB, Waagen. . 

Genus : ENTELETES, Fischer v. Waldh. (SYNTRIELASMA, Meek.) 

The genus Emtetetee is represented in the permooarboniferous fauna of Chiti- 
chun No. I, by a new species, belonging to the section of venlriainzcati, Waagen, in 
which the ventral or smaller valve is provided with the sinus, and the dorsal or 
larger valve bears the corresponding median fold. To this series of forms, the 
typioal one of the genus, belong E. Larnarcki, Fisoher v. Waldh., 2. Kayeeri, 
Waagen, E. hernipticatzls, Ball, E. Iaaiseivnue, Waagen, E. carnicrss, Schellwien. 
My new species, which will reoeive the name of E. Tschernyechefi, is very nearly 
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related to E. Kayee~i, and belongs to a group of forms of which E. Iremiplica tue, 
Hall, is the prototype. 

1. ENTELETES TSCHERNYSCH~FFI, nov. sp. . PI. V, figs. 7-1'1. 

This is a rather large species of slightly transversely oval or nesrly circular 
outlines, and strongly inflated valves, of which the dorsal one is oonsiderably larger 
and more strongly vaulted. 

The ventral valve is provided with a comparatively short, little prominent, 
moderately incurved apex, and with a high and concave area, which is cut open in 
the middle by a large triangular fissure. The median sinus originates in the apical 
region. I n  full grown specimens (fig. 9), it may be traced almost to the very apex 
of the valve. It is angular and bordered on both sides by high and tolerably sharp 
folds, which are followed on each side by three other folds. I n  some specimens 
a fourth fold is slightly indicated. These lateral folds likewise originate in the 
proximity of the apex. 

The dorsal valve, which is the larger one, is of a nearly semiciroular shape. Its 
strongly inowed apex distinotly overhangs the hinge line, which equals only one 
half the entire breadth of the shell in length. The area is oonsiderably lower than 
in the opposite valve, but likewise cut open in the middle by alarge deltidial fissure. 
In  this valve a strong median fold, originating in the apical region, corresponds to 
the sinus of the ventral valve. It is followed on each side by three or occasionally 
even by four lateral folds. The median fold is the broadest and highest of all, the 
lateral folds gradually diminishing in height and breadth. The crests of the folds 
as well as the median edges of the angular valleys between them are tolerably 
sharp. 

The front margin of both valves forms a deeply and sharply zig-zag shaped 
line. Numerous stria of growth, which are bent up and down in similar zig-zag 
lines, wver the surface of the two valves in the vicinity of the front. In well pre- 
served speoimens (fig. 11) a delicate, radial striation may be noticed. 

Of the internal structure of this species . I have only been able to make out 
traces of the three sepia in the ventral valve. 
. The present speoies attains very considerable dimensions. A.s far, as we may 
judge from the aize of the smaller valve, figured on PI. V, fig. 8, it is not much 
suxpaseed in this respect by E, pentameroidee, Waagen, or by B. Sueaei, Sohellwien, 
the l a p t  hitherto known species of this genus. 

The measurements of a moderately sized but fairly oomplete speoimen are as 
follows :- 

Entire length of the shell . . . . 80 mm. 
Lengthofthedortialvrlve . . . . . . . 18 
Entire brendth of the shell . . . . . . . . 22 6 ,. 
h g t h  of the hinge line . . . . . . 9 11 n 

Thiokness of both d v -  , . . . 1Qm6,, 
Height of the ares of the rmsllrr valve . . . . . 1B ,r 

Apical angleof the emaller -1ve . . . . . . ll6O 
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Number of specimens examined.-11. 
Remark8.-The pre~ent  species seems to be very closely related to E. Kayseri, 

Waagen (= E. hemiplicat us, Kayser non Hall, Obercarbonische Fauna von Loping, 
Richthofen's China, IV, p. 179, P1. XXIV, figs. 2, 3) from the upper-carboniferous 
rocks of Loping. As may be seen from the figures and descriptions given by 
Kayser, Waagen (Pal. Indica, ser. xiii, I, p. 563), and Schellwien (Yalwontographioa, 
1892, XXXIX, p. 35), these two species bear a strong resemblance, and must cer- 
tainly be united in the same group of forms. Nevertheless the Tibetan species 
can be easily distinguished from E. Kayseri by its more globular profile and by 
the strong plication of its valves. I n  E. Eayseri the number of lateral folds is 
always smaller, and both the folds and the median ridges in the intermstal 
valleys are neither so sharp nor do they extend so near the apical region, as in 
the present form. The remarkably flatter shape of the dorsal valve in E. Eayseri is 
also a good character of distinction. 

There is no other species yet known from the section of tho ventrisinaati, to 
which E. Tschernyschefi could be more particularly compared. It is, however, very 
similar, if not actually identical, with a yet undescribed species from the permian 
rocks of Sicily, which the palaeontological museum of theVienna University has quite 
recently been able to acquire. 

This beautiful species is dedicated to Prof. Tschernyschew of St. Petersburg, 
who by his geological work in the Ural Mountains contributed so considerably to our 
knowledge of the palaeozoio faunas of Russia. 

Family : RHYNCNONELLZDE Gray. 

Subfamily : RH YNCH ONELLINE, Waagen. 

Gonus : UNCINULTTS, Bayle. 

Although representatives of the genus Rh y nchonella, Fisch., are not alto- 
gether abfient from the permocarboniferous limestone of Chitichun No. I, they are 
extremely rare. Among the extensive material I have only found two specimens, 
which may be attributed to this genus, and they are in a too fragmentary &ate of 
preservation to allow any specific determination. It is a rather astonishing fact that 
the family of Rhynchonellkd~ is almost exclusively represented, in the Chitichun 
limestone, by the genus Uficinulus, which has been met with hitherto but very 
rarely, and in rather sporadic specimens only, in beds of a similar geological age. To 
this genus a species belongs, which I believe to be identical with Beyrich's Rhyn- 
chonello timorensie from the island of Timor, and wdioh is not at all rare i n  the 
Cldticthun limest one. 



1. UNCINULU~ TIMORENSIS, Beyrich. PI. X, figs. 7, 8, 9, 10. 

1865. Bhynchoaella Timorenrir, Beydoh, Ueber eine Kohlenkdk-Fauns von Timor, Abhandlgn. K. Ak. 
Wiss., Berlin, 1864, p. 7 1 ,  P1. I, fig. 10. 

1883. Uncinullu Theobaldi, Wsrgen, Pnlrwntologioa Indim,. W. riii, Ealt Range Fossils, I, Prodnotus 
Limestone Fonaile, p. 486, P1. XXXIV, 6g. 1. 

1892. Bhynchonella ( U n c i n u l w )  Timorenric, Rothpletz, Die Perm- Trim- und Juraformation auf Timor 
und Botti, .Palmontographicn, XXSIX,  p. 87, P1. X, fig. 6. 

Beyrich based his diagnosis of this interesting species on a single specimen from 
the Ajermati river near Kupang on the island of Timor. Among Wichmann's col- 
lections from the same locality Rothpletz likewise discovered a single specimen of 
this species. Waagen introduced the name U. Theobaldi for two specimens from 
the Productus limestone of the Salt Range, which, though resembling U, tirno- 
rensis very much, seemed to differ from the latter in some minor details. Rothpletz 
suggested that both U. Theobaldi and U. jabiensie, Waagen (Pl. XXXIV, fig. 2, 
p. 427) ought to be united with U, timorensis until their characters of difference, 
which are all within the limita of variations of a species, have been proved 
oonstant by the comparison of more material. My examination of a large number 
of specimem has convinced me, that U. timorensis and U. TheobaZdi at least ought 
no longer to be maintained as separate species, as they do not differ by oonstant 
characters. 

The points of difference, which Waagen considered to be of specific value, are 
the following : Uncimlus timorensie is distinguished by the greater smoothness of 
the shell, the smooth part in the cardinal region of U. Theobaldi being considerably 
smaller, by the far broader median fold and sinus in comparison to the lateral parts 
and by the greater flatness or the nearly impressed form of the ventral valve. 

Among my specimens both the typical form of U. timorensis and of 
Us Theobaldi are represented, but linked together by a considerable number of 

' 

intermediate types uniting one or more of the above mentioned characters, which 
Waagen believed to be of specific importance. The specimen figured on P1. X, fig. 
8, perfectly agrees with the typical U. Theobaldi. The lateral parts and the median 
portion of the shell are of nearly equal breadth, the ventral valve is flatly arched, 
not impressed, the ribs cover nearly half the extent of the valve. I n  the specimen 
fig. 7, the ribs are considerably shorter, the smooth part occupying more than one 
half of the entire length of the ventral valve. But this distinction, which is based 
on the length of the ribs, loses all its importance from the fact, that in some of my 
specimens the ribs, although thinning very gradually, extend even as far into the 
apical region, as in Uncintltus posterus, Waagen (loc. cit., p. 428). 

I t  will also be found that in different examples the breadth of the median 
portion, corresponding to the mesial fold and sinus, varies considerably. I n  the 
speoimen fig. 10, the median part of the shell is more than twice as broad as the 
lateral portions, a proportion, which perfectly agrees with that noticed in Beyrich's 
type specimen. Nor is the shape of the ventral valve a more constant character. 
In  the specimen fig. 9, it is barely less distiuctly impressed than in the typical 
U. timorensis. 



Of other variations the following may be mentioned : The shelly rectangular 
lobe, into which the median part of the ventral valve is prolonged, is very variable in 
its height, and bordered on both sides by either vertical or very steeply inclined 
margins. The number of ribs is also variable. I counted from eight to twelve ribs 
in the sinus or ~ o r & ~ o n d i n ~  fold and an equal or larger number in the lateral 
portions of the shell. 

My examination of the fossil material in the Tibetan oollection has convinced 
me, that Waagen's illustration of Unci~ulua TheobaEdi, is only one of the numerous 
modifications, assumed by this variable specie& After the discovery of so many 
intermediate shapes it has appeared to me impossible to arrive at any other atitis- 
factory conclusion, than that they are all variations of U, timorensis. Both speoiea 
apparently merge into each other so completely, that I cannot help considering them 
as specifically inseparable. 

I am not, however, inclined to add Uucinluu8 jabiensia, Waagen (loo. cit., 
p. 427, P1. XXXIV, fig. 2) to the synonyms of U. timorensis, as haa been advmted 
by Rothpletz. All my specimens of U. timorerdsia are transversely oval and much 
shorter than broad. I have never met with a single type among them, representing 
the triangular outlines of U. jabieneis, or 77. posterus. I therefore believe the 
transversely oval shape of U. timorensis, to be a good and constant character of 
specific importance. The number of ribs in ;(7. jabienaie is also considerably smaller 
than in any of my examples of the present species. 

It ia barely necessary to add anything else to Waagen's excellent description of 
U, Theobaldi. Regarding the internal structure of the species, I may only remark, 
that besides the tolerably large dental plates in the ventral valve a median septum 
has been noticed in the dorsal valve. 

My largest specimen attains a diameter of 28 mm. The measurements of a 
median sized specimen are as follows :- 

Entire length of the ehd . . . . a . . 16 mm. 
Length ofthe dorsal valve . . . . . . . . 13.6 ,, 
Entirebreadthoftheshell . . . . . . . . - '20 S, 

Thiokneesofbothvdver . . . . . . . 18 sr 

Apioal angle of the ventrd valve . . . . . . 113' 
rs ,, 11 $9 doreal ,s . . . . . • s p p v 1 ~  

Number of specimens examined.-28. 
Remarke.-The present species has been described both from the Khltibagh 

beds of the middle Productus limstone and from the Jabi beds of the upper 
Productus limestone in the Salt Range by Waagen, and from the permian rocks of 
Timor by Beyrich and Rothpletz. 

L6czy (Wissenschaftliche Ergebnisse der Reise des Grafen BBla Szdohenyi, I 
Th. Wien, 1893, p. 723) quotes the species from beds of a probably pe~omrboni-  
feroue age near Yar-ka-lo in South-Eastern China 
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Subfamily : CAMAROPHORIINB, Waagen. 

Genus : CAMAROPHORIA, King. 

This characbristic and easily recognisable genus is represented in the permo- 
oarboniferous fauna of Chitichun No. I, by three species, d l  of whioh belong to the 
group of Camarophoria crumena, Mart. Of these three species only one a n  be 
identified with a well known Salt Range form C. Purdoni, Davidson. The seoond, 
although very nearly related to C. Purdorai, must be oonsidered as new speoiea 
distinguished by its unusually large size and by the larger number of ribs, co~ering 
both valves. The third speoies is too imperfectly preserved to allow an exsot 
determination. 

1. OAMAROP~ORIA PURDONI, Davidson. PI. XII, figs. 6, 8, 9, 

1868. Camarqphoria Prrdoni, Dsvidson, Quart. Jonm. Cfeol. 800. London, XVIII, p. 30, P1.111, fig. 4 
1863. Camaroph&o Purdoni, Davidaon, in L de Kouinok, MBmoire sur lea fossila pelBoaoiqnes reooeillir 

dans 1' Inde. p. 36, P1. XlI ,  fig. 4 
1883. C. Purdoai, Wangeo, Salt Range Fossils, aer. xiii, Palsaontologioa Indica, I ,  Prodnotus Limeatone 

Fossile, p. 437, PI. XXXII, figs. 1-7. 
1890. 0. Pur&ri,Nikitin, MBm. Corn. G h l .  Rnsa., St. PBtersboorg, V, No. 6, p. 71, P1.111, figs.6-7. 

This species is very oommon in the permocarboniferous limestone of Chitiohun 
No. I. 

The specimens do not vary greatly in their generd shape and outlines. The 
majority among them are transversely oval, but examples are not at all rare in 
which the length and breadth of the shell are nearly equal. The valves are either 
strongly or moderately inflated. Flat specimens, like the one figured on P1. XII, 
fig. 9, are quite an exception. Both valves aze convex, but the dorsal valve is 
always much more strongly vaulted. The sinus in the ventral valve is rather broad, 
always broader than the lateral parts, but not deeply sunk in. The beak is well 
inourved and pointed, but it is very rarely sdciently well preserved to exhibit the 
triangular slit at its lower side. 

The ventral valve is covered with sharply rounded ribs of a rather irregular 
strength and number. They originate in the proximity of the very apex, laving 
a very small portion of the shell only entirely smooth. This is a good character of 
distinotion between the present speoies and 0. arumena, Mart, or C: pinguis, Waag., 
in which the ribs are always restrioted to the frontal, marginal and central portions 
of the shell, whereas the oardinal region is quite smooth. In average sized speoimens 
there are from ten to eighteen ribs present in this valve. There are from five to 
seven ribs within the sinus. On the lateral parts of the valve the number of ribs ie 
rarely equal on both sides of the sinus. Like Waagen's types from the Salt Range 
the Tibetan specimens show a remarkable tendency to become unsymmetrical. 

The augmentation of ribs in full grown specimens is always due to the inter- 
calation of new ribs, not to a bifurcation of the original ones, whioh remain 
undivided from the apical region to the front. 
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The dorsal valve is distinctly subdivided into three portions, of which the 
median one is very broad, but not much elevated, rounded and slightly flattened on 
its top. The sculpture is of the same pattern as in the opposite valve, but the 
number of folds is, as a rule, a little larger. 

Tnrces of expansions have been noticed on the frontal and lateral margins of 
several speoimens. 

The internal characters of the Tibetan examples agree perfectly with Waagen's 
and Nikitin's descriptions and figures. They are, as a rule, better exhibited in the 
ventral than in the dorsal valve. The strong median septum is fixed to the dental 
plates so as to leave an ogival interval between the latter. I n  the dorsal valve both 
the high median septum and the spathulate, trilobate plate have been observed. 

The measuremente of an average sized specimen are as follows :- 

. . . . . . . . .  Entire length of the shell 26 mm. . . . . . . . . .  Length of the domd valve 23.6 , . . . . . . . . .  Entirebresdthoftheshell 38 ,, . . . . . . . . .  Breadth of the median fold 16 r. 
Thiokneee of both valves . . . - 1 8 , ,  
Apical angle of the ventral valve . . .  98' . . . . . . . .  ,, ,. ,, ,, dorsal ,. 11%- 

Number of specimen8 examindd.-61. 
Remarks.-There cannot, I think, be much doubt as to the identity of the 

Tibetan speoimens with Davidson's species, as they agree with the latter not only 
in their more important characters, but also in their minor details. 

The only other species, with which they might be compared, is ~amarophoria 
alpina, Schellwien (Pakeontographia, XXXIX, 1892, p. 51, P1. VI I I ,  figs. 4.8), 
which only Wers from 0. Purdoni in very minor details, but the number and 
arrangement of ribs in the Tibetan examples is more in accordanoe with David- 
son's Indian species. 

In the Salt Range Camarophoria Purdon i is very common in the Virgal and 
KUbagh beds of the middle Productus limestone, but very rarely extends into 
higher strata. n'ikitin quotes the species from the Gshelian stage of the upper car- 
boniferous deposits of Central Russia. He likewise refers C. plicata, Tschernysohew 
(MBm. Corn. GhL R,usa, St. PBtersbourg, 111, No. 4, p. 369) from the AFtinskhn 
horizon of the Ural Mountains to 0. Purdoni. 

2. CAMAEOPHORIA GIGANTEA, n0V. Sp. PI. XII, fip. 6, 7, 10. 
From Ca naarophoria Put.dot, i a species must be separated, which, although 

very nearly related to the former, is readily distinguished by its very remark- 
able size and by the larger number of ribs in both valves. This species attains 
gigantic dimensions, surpassing largely in size all the types of 0. Pocrdoni, which 
have been figured by Davideon, Waagen and Nikitin. Nor can any intermediate 
types be traced between the two forms. 

I n  their general shape and outlines the two species agree perfectly with each 
other. The only differenoe consists in the sculpture, which is formed by a larger 
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number of ribs in 0. gigatntea. The ventral valve bears from eight to twelve ribs 
within the sinus, and from six to eight ribs in each of the lateral parts. I n  the latter 
the same tendency to become ~118ymmetricd, is exhibited, which is a remarkable 
character in C. Purdoni. In  the dorsal valve the number of ribs amounts from twenty 
to  thirty, of which always more than a third lie on the flatly rounded median 
fold. The ribs are highly rounded but not acute. Their augmentation is due to 
intercalation only. All the ribs remain undivided from the apical +on to the 
front. No bifurcats ribs have been n o t i d  in any of my specimens. 

Similar traces of lateral expansions, as in C. Purcloni have been observed on 
the frontal and lateral margins of several spimens. 

So far, as I have been able to make out the arrangement of the dental plates 
and septa, the internal structure is the same as in the preceding species. The figure 
P1. XII, fig. 10, gives a lateral view of the ventral and dorsal septa, which agrees 
almost entirely with Waagen's figure of these characters in C. P ~ r d o n i  (Pl. XXXII, 
fig. 6). 

The measurements of my type speoimen (fig. 6 )  are as follows :- 

Entire length of the shell . . . . . . . .  a mm. 
Length of t,he dorsal valve . . . . . . . . .  a ., 
Entirebreadth of the shell . . . . . . .  62'6 ,. 
Breadth of the median fold . . . . . . .  20 ,. .. Thickness of both valves . . . . .  24 

Apiual angle of the ventral vahe . . .  l W O  
, , , . , , , ,  dorsal . , . . . . . . .  118' 

Remark8.-The specific claims of this form may perhaps be considered un- 
certain by some palmntologists, but the. distinctions suggested in the preceding 
diagnosis are, in my opinion, of sutlicient importance to allow it to be maintained as 
a separate species. Its remarkable size and the larger number of ribs constitute 
appreciable difFerences between the present species and 0. Purdorri, although both 
are certainly very nearly related to each other. 

By its unusually large dimensions this species recalls 0. Plica ta, Kutonga, from 
which it is, however, distinguished by the character of its ornamentation. In  the 
Russian species the ribs are augmented by bifurcation, which is never the case in 
the Tibetan types. 

3, CAMAROPHOBIA SP. IND. AFF, 0. CBUMENA, Mart. . PI. XI, fig. 8, 

A third species of the genus CbmropAoria is represented among the mate- 
rial from Chitichun No. I .  by three specimens, attaining a length of 8 to 12 mm. 
only. The internal arrangement proves that they belong to the present genus. I n  
their outlines and sculpture they recall C. orumena, Mart., and 0. pingui8, 
Waagen. They differ from 0. purdmi, in whioh the shell is almost entirely covered 
by ribs, even in quita young individuals (vide P1. XII, fig. 8), by their ribs being 
restricted to the frontal portion of the shell and being aoute on their tops. The 
number of ribs within the sinus varies from two to four, 

K 
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As apparently no full grown specimens are among the Tibetan examples, I must 
leave it undecided, whether they should be attributed to one of the two above quoted 
forms, or to a separate species. 

Suborder : ANCYLO PEGM ATA, Zittel. 

Family : TBREBR A T  ULIDA3, King. 

Subgenus : DIEUSMA, King. 

1. DIELA~MA BIPLEX, Waagen. P1. XI, figs. 6, 7, (?) fig. 6. 
1882. Die~osma biplex, Waagen, Palsontologion Indioa, Mr. xiii, Salt Bange Bosrils, I, Produotw Limestone 

Fossils, p. 349, pl. XXV, figs. 3, 4, 5. 

b o n g  a small number of speoimens, by which the subgenus Dietasma is re- 
presented in the Chitichun fauna, the two examples figured (figs. 6, 7) may, in 
my opinion, be safely identified with the present species. The rest I mu& leave 
undetermined. My reasons for doing so will be easily understood by any one who 
has had to deal with incomplete forms belonging to a genus, in which the spec50 
distinctions have been based on very subordinate details alone. A speoies of so 
large an extension, as was Dielaama eacculus, Martin, as defined by Davidson, 
m y  be of little use for stratigraphical or for biological purposes, but it can scarcely 
be denied, that speoies of so narrowly restricted, as those whioh have been intro- 
duced by L. de Koninck in Dietasma, are likewise praotically useless. 

The two figured specimens exhibit the elongately pentagonal outline, which is 
peculiar to Waagen's specimen P1. XXV, fig. 6, from the middlle Productm 
limestone of Musakheyl. They are, however, somewhat variable in their general 
shape, the speoimen fig. 6 being more strongly elongated and having its greatest 
transverse diameter shifted comiderably nearer towards the frontal part. The most 
conspiouous oharacter, which is especially well developed in the epecimen fig. 7, 
is the presence of two converging folds in the dorsal, and of a straight mesial fold in 
the ventral valve. In  my second specimen, which has been slightly deformed by 
pressure, these characters are less distinctly indicated. 

The ventral valve is provided with a tolerably large and thiok beak, which is 
pierced by a broad, oval foramen. The apex is slightly bent over but not appressed 
to the apex of the dorsal valve. Tbe small deltidiwn is clearly visible in the ape- 
cimen fig. 6. From both sides of the foramen indistinct ridges descend for a 
ahort distance to the lateral parts of the valve, bordering the broad false area, whose 
lower part is not, however, distinctly marked off from the remainder of the shell, 
The frontal line is distinotly biplioate and produoed into two slightly bent up lappets, 
mrresponding to the two folds of the dorsal valve. The obtusely rounded, low 
ridge originate in the middle of the length of the valve, and graduallo increasing 
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in width, reaches down to the front line. It is bordered on both sides by low, 
rounded depressions. 

The dorsal valve is much more strongly vaulted in the transverse than in the 
longitudinal direction. In  the apical region two indistinct, rounded folds originate, 
which diverge towards the front line leaving a low, triangular depression between 
them. In the speoimen fig. 6 the marginal slope of these folds is marked by a 
distinct bend in the transverse profile of the valve. 

Of the internal structure the presenoe of strongly developed dental and septal 
plates has alone been determined. 

The measurements of the specimen figured on P1. XI, fig. 7, are as follows :- 

Entire length ofthe shell . . .  34 mm. 
Length of the doml valve . . . . . .  306  .. 
Entire breadth ofthe shell . . . .  26 ,, 
Thioknes* of both valves . . .  16.6 ,. 

. . . . . . . .  Apicslsugle of the ve~~tral  valve 76' 
9, 99 tt d o w l  99 . . 1 0 6 O  

Number of specimea~ examimd.-2. 
Remark8.-It is only with great hesitation, that I refer the adolescent specimen 

PI. XI, fig. 6, to the present species. In  this specimen the peculiar characters of 
DieZaerna biplex are not yet distinctly indicated. 

I n  the Salt Rallge D. biplex is restricted to the middle Productus limestone. 
W q e n  quotes it from the Virgal and KSlAbagh beds, but not from the Katta beds 
of this division. 

The specimens of Dielasma are too incomplete to state whether other species 
besides the present form, are represented among them. 

Subgenus : HEMIPTYCHINA, Waagen. 

The genus Eemiptychina has been introduced by Waagen for such species of 
Terebratuline fim briata, in which distinct septal but no dental plates have been 
developed. Rothpletz (Pdaeontographica, XXXIX, 1886, p. 72) rejected Waagen's 
genus, which he considers to be merely a stage of development in different series 
of the genus Terebratula. Oehlert (in Fischer's Manuel de Conchyliologie, 111, 
p. 1316) likewise classee Bemiptychina among the synonyms of Terebratula. 
Deslongchamps (18841) however elevated the species united by Waagen in his genus 
Herniptychina at least to the rank of a distinct group ( a )  of Terebratula, and 
Geheimrath von Zittel in his recently published Grundziige der Paleontologic 
(p. 276) advocates the retention of the name Eemiptychha as a subgeneric deno- 
mination. I n  the present memoir the latter view has been followed. 

I n  the permooarboniferous fauna of Chitichun No. 1 the subgenus H e r n i p ~ y  
c h k  is reprewnted by three species, a l l  of which are identical with Salt Range 
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1. HEMIPTYCHINA HIMALAYENSIB, Davidson. PI. XII, fig. 4. 

1862. Terebratula himaloyknais, Davidson, Qnsrt. Jonrn. GeoL Boa. London, XVIII,  p. 27, P1. 11, fig 1. 
1883. T. himalaysnrio, Davidmo, in L. de Koninck, ?dkmoire snr lea foesil~ p~16ozoiquea wueillir dens 

l'lnde, p. 32, P1. IS, fig. 1. 
1878. T. himalayenrir, Wssgen. kec. Geol. Burv. Ind., XI, p. 186. 
18&+2. Herniptychina himala.qslMir, Wasgen, Pal. Indim, ser. xiii, Salt Bange Fossils, I, Prodnctus Lime- 

stone Fowils, p. 368, PL XXVI, figs. 6-10. 

This species is represented in the collection from Chitichun KO. I by two 
specimens, agreeing perfectly with the figures and descriptions given by Davidson and 
11-aagen. 

The specimens are strongly elongated, truncated at their front, and provided with 
ten or eleven short folds. The two valves are equally vaulted. The beak is pierced 
by an oval foramen. The sculpture of both valves is smooth up to within a few 
millimetres of the margins, where the short rounded ribs are developed. I n  my 

' examples, which have been slightly deteriorated by weathering, only the four or five 
folds occupying the front, are distinctly visible. 

The measurements of my larger specimen are as follows :- 
. . . . . . . . .  Entire length of the nhell 24 trim. .. . . . . . . . . .  Length of the dorsal valve 18'6 .. . . . . . . . . .  Entire b r d t h  of the shell 16 .. . . . . . . . . . .  Thiok3ess of both valves 14 

Apioal angle of the ventral valve . .  70' . . . . . . . . . .  .. r ., ,,dol>al app. 110" 

I\'un~ her of specimens examiwd.-2. 
Remarks.- The present species is very common in the middle and upper Pro- 

ductus limestones, but very rare both in the Katta beds and in the lower Produc- 
tus limestone of the Salt Range. Mr. Hughes collected it in a white crinoidal 
limestone in the Central Himalayas near one of the passes leading from Milam into 
Huniles. 

2. HEMIPTYCHINA BPARSIPLICATA, Waagen. P1. XII, figs. 1, 2. 

1882. Eemiptyahina rparriplirrsta, Wengen, ser. hi, Salt Range Foeeils, Pal. Ind ia ,  I, Prodnctus Lirne- 
stone Fossils, p. 366, PI. XXVII, figs. 4, 6,6. 

1892. Tersbratula iima2aysnri8 vsr. q ~ r a r p l i o a t z ,  Rothpletz, Die Perm- Tries- nnd Jnraformation auf 
Timor und Botti, Pelceont~~raphicrs, XXXIX, p. 85, PI. X, fig. 10. 

This species, which is a little more numerously represented mong the collec- 
tions from Chitichun No. I is only distinguished from Eem$tychina himcrtayeneis 
by the smaller number of its folds. 

The two species are linked together, according to Waagen's own statement, by 
a number of transitional forms. Nevertheless Waagen " thought it expedient' 
to note the typical form of H. sparadplicata by a special name " by rmon of 
its geological importance. To 8. sparsiplicata a mere varietal rank has been attri- 
buted by Rothpletz. I deemed it preferable to follow Waagen's view, without 
overrating the geological importance of the two species, the number of which among 
my material is altogether too small to allow any conclusion in this respeot. 
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I n  all the examples under description the number of folds is considerably 
smaller, than in the two figured types of E. himalayemis. The species is rather 
variable in its outlines. The specimen figured on P1. XII, fig. 2, exhibits the 
roundish shape and the large apical angle, which, according to Wasgen, chiefly 
characterize the typical form of 8. sparriplicala. Fig. 1, on the oontrs~y, represents 
a specimen of unusually elongated outlines. 

The measurements of a specimen, agreeing with the typical form of 8: sparai- 
plica ta (fig. 2) are as follows :- 

Entire length of the shell . . . . . . . .  20 mm. .. Length of the doraal valve . . . . . . . .  17 
Elltire breadth of tho shell . . . . . . , . .  16.6 ,, 
Tbicknesa of both vnlvea . . 1 2 . 6 , ,  

Apioal angle of the ventral valve . . .  82' 
. . . .  . ,, ,, ,, dorsal .. 114" 

 nun^ ber 01 specimen8 examined .- 8. 
Reniark8.-The present species is abundant in the lower Productus lime- 

stone and in the Katta beds, but rare in the Virgal and KAlabagh beds of the Salt 
Range, From the permian rocks of Tirnor the speoies has been quoted by Roth- 
pletz. 

3. HEMIPTYCHINA INFLATA, Waagen. P1. XII, fig. 3. 

1892. Hemiptychina inflata, Waagen, Pahntologia Indios, mr. xiii, Salt Bange Foeeile, I, Prodnotus 
Limestone Poeeile, p. 372, PI. XXVIl,  figs. 7, 8,9. 

To this characteristic species I can attribute only a single specimen, which is 
distinguished from the other specimens of Zemiptychinar by its large size, its 
strongly inflated valves, its globular outlines, and its distinotly developed plications, 
which extend across the larger portion of the shell to the fmnt~line. 

My specimen has been considerably damaged by weathering, In the dorsal 
valve especially the sculpture has been almost entirely destroyed. But the consi- 
derable inflation of the shell and the character of the folds which in the ventral 
valve originate in the proximity of the apical region, make a distinction from the 
two preceding species an easy matter. There are about ten folds present, four of 
which occupy the frontal portion of the ventral valve. The absence of any dental 
plate in this valve does not allow the present specimen to be confounded with Die- 
lamina plicata, Waagen, 

The measuremen& of this specimen are as follows :- 
. . . . . . . . . . .  Entire length of the shell 26 mm. 

. . . . . . . . .  ., Length of the domal valve 20 . . . . . . . . .  ,. Entire breadth of the shell 19 .. . . . . . . . . . .  Thicknm of both valves 18 
. . . . . . .  Apioal angle of the ventral ~ ~ l v e  app. 70' . . . . . . .  ,, ,r 9, ., dad st app. 120' 

Nzcniber of specimen8 examined.-1. 
Bemark8.-Hemiptyohina inflata is quoted by WWen from the Virgd and 

KBlBbagh beds of the middle Productus limestone and from the lowest beds of the 
upper Productus limestone in the Salt Range. 
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Genus : NOTOTHY RI S, Waagen. 

1. N O T O T H Y ~ I ~  TRIPLICATA, n0V. SP.. P1. XIII, figs. 1, 2. 

It is only on the analogy of its external shape, that I place the present specim 
in W q e n ' s  genus Notothyd8, as I have not been able to make out the internal 
oharaoters, although I have saorificed a good number of speuimm for their invest& 
gation. Nevertheless the reference of this species to Notothyri8 is barely more 
doubtful than Waagen's identifioation of Terebratula djoulfe~eie, Abich, with 
one of his species of Nototiyrie from the Salt Rmge Productus limeatone. 

I n  their general shape and outlines Notothy ria and Hehplychbba exhibit a 
remarkable similarity. According to Waagen's statement, howevm, there is in 
Herniptychiraa always a certain tendenoy to form a slightly vaulted frontal line, 
whilst in Notothyria, on the contrary, the tendenoy prevails to bend the frontal line 
in the opposite direction. I n  my specimens a very distinct sinridion takes place 
in the frontal line, so much so, that the indentations corresponding to the folds of 
the frontal region are situated at a lower level than those of the lateral parts. Thk 
peculiar feature marks the present species as forming part of the genus Nobothyris. 

The general outline of the present species is elongately oval or indistindtly 
pentagonal. The two valves are of very unequal depth, the ventral valve being 
much more strongly inflated than the opposite one. 

The ventral valve is strongly curved both in the longitudinal and transverse 
directions, but even more so transversely. Longitudinally the curvature is very 
equal, but transversely it is slightly flattened in the middle portion of the shell. 
The beak is moderately thick, prominent, but not strongly bent over. I t  is pierced 
by a small foramen just behind its apex. A n  indistinctly limited off false area 
extends for a short distance from both sides of the beak. 

The most characteristic feature in this valve is its peouliar sculpture, which 
remarkably differs from the ornamentation in all the hitherto described species of 
Notofhyris. The valve is smooth for about half its length from the beak. Then 
there appear two very strong, sharp folds, which extend down to the front and very 
distinotly separate the frontal portion of the valve from the lateral parts. In  the 
rounded valley, whioh is enclosed by these two folds, a third median fold rises, which 
is, however, slightly inferior in strength. On each side of the frontal portion of the 
valve one or two short lateral folds are developed. The margin of the valve is dis- 
tinctly sinuated in  the frontal region, so that the indentations corresponding to the 
three folds of the frontal part are situated at a lower level than those of the lateral 
parts. 

The three high and sharp frontal folds, of whioh the middle one is slightly less 
strongly marked, are a constant character in all the numerous specimens, which I 
have been able to examine. 

A great many imbricating stria of growth are crowded together in the proxim- 
ity of the margins, whereas few only are developed in the middle portion of the 
valve. 
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The dorsal valve is rather flat and always ren~arkably less strongly vaulted than 
the ventral one. In  the longitudinal direction it is, however, strongly deflected in 
the vicinity of the front, frequently imparting to the entire shell a slightly trunmted 
shape. I n  this valve the folds are much shorter than in the opposite one, and three 
quarters of its entire surface remain almost perfectly ~mooth, except for the imbri- 
cating striae of growth. Four comparatively strong folds are situated on the frontal 
part. The lateral folds are but indistinctly developed. They oocur to the number 
of one or two on each side of the front. 

The front margin is slightly prolonged, corresponding to the sinuation of the 
ventral valve. 

Of the internal chzlracters of this speoies nothing is known to me. 

The measurements of one of my type specimens are as follows :- 

Entirelengthoftheshell  . . . . . . . .  20 mm. .. . . . . . . . . .  Length of the dorsal valve 17 .. . . . . . . . . .  Entire breadth of the shell 16 .. . . . . . . . . .  Thicknessofbothvalvea 16 
. . . . . . . .  Apiaal angle of the ventral valve 67' 

doraal . . . .  10BO . . . . . . . .  

Remarks.-This species of Xotofhyris is easily distinguished from all the other 
congeneric forms by its peculiar, triplicate sculpture. Nor is any species of 
Hevziptychina known to me, to which it might advantageously be compared. 

In  my preliminary report, on the geological results of the Himslayan expedi- 
tion to Johfir, Hund6s and Painkhandti in 1892, I have quoted N. admplex, Waagen, 
among the species of this genus, represented in the permocarboniferous fauna of 
Chiti~hun No. I. After a careful examination of the specimens in question, I 
prefer however to abandon this view, as these examples are too imperfectly pre- 
served to aUow any satisfactory determination. 

2. NOTOTHYBIB CF. SUBVESICULARIS, Davidson. 

1863. Terebratula eubveoicularis, Devidson. Quart. Jonrn. Geol. k, XFIII ,  p. 27, P1. 11, fig. 4. 
1863. Terebratula subvesiculan'o, Davideon, in L. de Koninck, Mimoire sur lea foailes pal6ozoiqnee recneillir 

dam l'Inde, p. 32, PI. IX, fig. 4 
1882. Notothyria rrbvericulario, Wsagen, Pabontologia Indim, eer. xiii, Salt Range Fo~sils, I, Prodoctnr 

Limestone Fossils, p. 378, PI. XXVIII, figs. 3, 4. 

I am unfortunately unable to give an adequate figure of the Tibetan represent- 
atives of this species, the only two available specimens having been sacrificed in 
fruitless attempts to make out their internal structure. I must consequently 
abstain from giving a detailed description but shall mnfine myself to the statement, 
that among the permooarboniferous fauna of Chitichun No. I. a few examplea have 
bean noticed, which in their external characters entirely agreed with Davidson's 
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species. Prof. Waagen who examined my specimens, likewise declared them to be 
identical with Notot h y ~ i e  eubvesioularis. 

In  the Salt Range this species is characteristic of the upper region of the 
middle Productus limestone (Virgal and KBlBbagh beds). In  the upper Productus 
limestone it is extremely mre. Outside the Punjab it has been mentioned by 
Waagen from a white crinoidal limestone, which was picked up by Mr. Hughes 
near one of the passw leading from Milam into Tibetan territory. 

Class : BROYZOA. 

Order : GYMNOLBMATA, Allm. 

Family : FENESTBLLI D B ,  King. 

Genus : FENESTELLA, Lonsdale. 

1. FENESTELLA 8P. IND. . P1. XIII, Fig. 3. 

Among the material from Chitichun No. I a few small fragments of colonies 
may be safely attributed to this genus. All the rest of Bry0i t0~ in the oolleotion 
are too badly preserved to allow any diagnosis. Nor did I dare to attempt a 
specific determination of the figured speoimen of a Fenestella, as of the two 
faces of the colony the non-poriferous is alone accessible to observation. I have 
entirely failed in preparing the poriferous side, which is not only firmly attached to 
the rook, but also completely destroyed by having been altered into crystallized 
caloite. 

The largest fragment of a colony available for description is fan-shaped, with- 
out the presenoe of any marked axis. . I t  recalls F. airgosa, Eichwald (Lethaea 
Rossica I, P1. 23, fig. 9, p. 358), but the meshes of the net work are a little 
larger. The branches are rather thin, of equal thickness for their whole extent, and 
bifurcate in a somewhat irregular manner. Otherwise they run tolerably parallel 
to each other. 

The fendrules are oval or rectangular, with rounded off corners, and consider- 
ably longer than broad. There are about three fenestrules within the space of 
6 mm. in the direction of the extension of the branches, and four in the transverse 
direction. The branches and the dissepiments axe of nearly equal thickness. 

The presence of an indistinct longitudinal striation of the branches cannot be 
positively asserted, as the surface in all the specimens appears to have been slightly 
injured by weathering. 

Number of upecimen8 examined.-4 



ECHINODEKMATA- 
Class : CRINOIDEA. 

In the permocarboniferous fauna of Chitichun No. I only stem joints 
of representatives of this class have been preserved. Although very abundant, 
they are insdcient for generic determination. I must mnsequently abstain from 
giving descriptions or figures, and merely record their presenoe in the Chitichun 
limestone. 

CELENTERATA. 

Class : SPONGILE. 

Subclms : CALCISPONGILE. 

Order : SY CONES, Haokel. 

Suborder : SPHINCTOZOA, Steinmam. 

Family : S P H B  ROSIPHONIDA!Z, Steinmann. 

Genus : AMBLY SIPHONELLA, Steinmann. 

I n  placing Amblysiphnella among the Syconee, I am following the view of 
R a d .  (Palaeospongiologie, I. Theil, Pahontographica, XL, 1893, p. 108), who 
does not share the opinion expressed by Steinmann (Phretronen-Studien, Neues 
Jahrbuoh, 1882,II.  Th, p. 169) and Waagen, regarding the systematic position of 
thie genus among the Pharetronea. 

I regard a specimen, which, notwithstanding its rather fragmentary state of 
preservation, appears to be nearly related to A. aeeiculoaas, de Kon., but differs by its 
comparatively smaller size, as a typical representative of the genus. 

1. AMBLYSIPHONELLA, AFF. VESIOULOSA, de Koninok. P1. XIII, Fig. 4. 

The fragment available for description consists of five segments, of whioh 
only the lower three are tolerably perfeot. The segments me shortly cylindriod 
with convex sides, and sepmated from eaoh other by deep furrows. The outer walls 
of the segments are thin and perforated all over by numerous, very small pores. 

Both longitudinal and transverse sections exhibit a moderately wide oentral 
tube, bordered by a rather thick wall, It is surrounded by the oirculm chambers, 
corresponding to the segments, in the shape of broad rings. 

L 



82 HIX&AY AN FOSSILS. 

I have not succeeded in making out the details of the internal structure 
although the presence of n m r o u s  vesicles within the chambers has been noticed. 

The measurements of this fragment are as follows :- 

Entire length of the fragment a . . . . . . . 26 mm. 
Diameter of the third negment . . . . . . 186 ,, 

1, I, 1, loweet " . . . . . . . . u r n  
Height of the third oegment . . 9 . . - . 6 
Width of the aehtral tnbe . . . . . . , . 3.6-6 ,, 

Nz~lzber of specimens examined.-1. 
Remarks,-This fragment is rather nearly allied to Ambtyniphonelta vesiculoea, 

de Koninok (Waagen, Pal. Indim, ser. xiii, I, p. 97.3, P1. CXXII, fig. l), from 
which it differs by its considerably smaller siae. I n  this respect it agrees with A. 
Burro&, Steinrnann (Neues Jahrbuch, 1882, 11. Th., p. 169, P1. VI, fig. 1) from 
the carboniferous rooks of Sebargaa in Spain. From the latter species it is however 
readily distinguished by its cylindrical shape, the angle of emergence being con- 
siderably smaller than in A. Barroisi. 

Class : A& THOZOA. 

Order : TET KACORBf;LIA, Hseokel. 

Family : 0 YATHO P H PA LIDA3, Hmokel. 

Genus : LONSDALEIA, M'Coy. 

1. LONEDALEIA INDICA, Waagen and Wenhel. PI. XIII, fig. 6,6. 

1886. h d a l e i a  indica, Waagen and Wentzel, Pelseontologis Indicm, aer. xiii, Salt Bange Font&, I. 
Prodnotus Limeatone Poesils, p. 897, PL CI, figs. 1-3, PI. CXV, figs. 5.4 

This is by far the oommonest species of coral in the Chitichun limestone. Part 
of the south-eastern slope of the crag of Chitiohun No. I is made up almost entirely 
of a coral rock, composed of corallites, which in every respect agree with L o ~ d a l & a  
indica from the Salt Range Productus limestone. 

The compound corallum is composed of oylindrical, tolerably straight comllites 
which are rather far apart and are only in very few cases blended together. Their 
surface is oovered with numerous transverse wrinkles, and exhibits a delicate longi- 
tudinal striation. The diameter of the caliw varies from 3 to 7 mm. h'o traces 
of a secondary wall are indic~lted. The columella occupiesnearly a third of the 
diameter of the entire oalix. There are about twenty primary septa, and an equal 
number of secondary ones. 

I n  transverse thin sections (Pl. XIII, fig. 6c) the transverse lamella, which 



£oms the m t r e  of the oolumeUa, is very dhtinotly exhibited. Tbis charaoter 
mkeo a distinction of 1;. iadica and &. ~irgaleneb, Waagen and Wentzel (loc. oit. 
p. 900, PL OXVJ, fig. 3 1 PL 01, fig, 4) from sll the oongcmerio species an easy matter. 
I t  is the presence of thh oerrtrel tranoversa lamells and the exoeptional arrangsment 
of the tsbuk, whioh in Wmgm's opinion, might even be mnsidered sufEcient 
for the ktroduetios of a dbtinot geperio deaorsination for Z. indiatz and ib allies. 

From fbe central trtansveree lamella radiating hmellae originate, which are 
oroeeed by a aoncentric Ismellation, The wlumella is marked cff very sharply from 
the r e d d e r  of the mlgx by diehinot wall. This wall is reached by the majority 
of thtj primary septa. A few of ths lath are 0ven brought into mntaat with 
one of the rdiatisg lamella wit& the oolumella. The intersepta1 dissepiments 
are very nmemura, but are not arranged regularly so as to form comenfrio acces- 
sory wal4. 

&mcrrks.-I think there can be scarcely any b u b t  of the idantity of the 
specimens from the Chitichun limestone with Lowdaleia indica. The larger 
diameter of the branches and the irregular arrangement of the intersepta1 dissepi- 
ments forbid an identification with L. oirgalelroir, which is, however, very nearly 
allied to L. indica and is only distinguishable by very subordinate charadem. I 
know of no other speciea of the genus Lonsdaleia, with which my specimens auld  
be advantageously compared. 

In the 8alt Range A. indica oocm in very large numbers in the coral beds of 
the middle Productus hes tone  (Virgal beds), but extends also, though more rarely, 
into the KalBbagh beds and KhundghBt beds. It has neither been found in the 
Amb beds nor in the Katta beds. 

Family : ZAPBB.ENTIDdls, Emkel. 

1. ,AMPLEXU~, SP. IND. AFF. ABICBI, W w .  and WO~t2el. PI. XIII, fig. 7. 
b o n g  ths oorals fpm Chitichun No. I there are a few speoimens belonging to 

this genus, b d  their state of preservation is unsatisfaotory, and the matrix so 
spti,thic that &air stiructure oannot be made out well enough to permit of specific 
determination. I must consequently while drawing attention to their remark- 
able simibrity to A. Abiciri, W q e n  and Weatzel (Pal Indiaa, ser. xiii. I, p. 903) 
abstain from any identification with previously desoribed species of AmpEexae. 

The oorallum is Simple, subcylindrical, straight or slightly ourved, and pro- 
vided with strongly prominent, rounded or imbricating wrinkles of growth, oom- 
p l a y  encircling the corallvm. The epithw is comparatively thin and aovered 
with very numerous and delicate longitudinal s t r i a  The outer w& of the septa 

L %  
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show through the epitheca in the shape of thin, straight lamella?. To a diameter 
of 14 mm. of the corallum 24 septa correspond. They are short, but their ex& 
length cannot be made out in consequence of the spathic character of the matrix. 
The tabulae are flatly curved. The shape of the calix is unknown to me. 

The species, to which the present one seems to be most nearly related, are Am- 
ptexw Abichi (A.  coralloides, Abich., hlogische Forschungen in den Kaukasischen 
Liindern, I. Th. Eine Bergkalkfauna aus der Araxes-Enge bei Djoulfa, p. 57, 
PI. XI, fig. 10) and A. coralloides, Sowerby. The similarity with other congeneric 
species, described by L. de Koninck in his monograph of the carboniferous fossils of 
Belgium and by Stuckenberg in his memoir on the corals and bryozoa of the car- 
boniferous rocks of the Ural and Timan (MBm, Com. Gdol. Russ., St PBtorsbourg, 
1896, X, No. 3.) is less close. I do however not venture to identify my specimens 
any of the two above quoted species, as my insufficient knowledge of their internal 
characters forbids an exact determination. 

PROBLEMATICA : Gen. et sp. ind. . Pl. XII, fig. 8. 

Among the material alom Chitichun No. I there is a very strange fossil, whose 
determination has puzzled me for a long time. I have tried in vain to make out to 
which class of invertebrates it might belong. Nor have any of my learned friends, 
who examined this curious fossil, arrived at  a more satisfactory conclusion. Perhaps 
its true character will be revealed by the discovery of more complete specimens. 
I, therefore, give its description and figure, notwithstandmg the impossibility of 
asoertaining its zoological position. 

The specimen in question consists of a system of root-like appendages, uniting 
with a central ring-shaped body. The root-shaped appendages, which occur to 
the number of five, exhibit a semicircular arrangement and are fastened both to 
the central main-body and to each other. By reason of their semicircular shape, 
however, they touch each other for a short distance only, and afterwards strongly 
diverge. ' Triangular spaces are left between the places, whg! two neighbouring 
appendages are attached to the body and to each other. The appendages 
terminate in sharp points. The largest diameter is about 6 mm. The diameter 
of the central, ring-shaped body attains nearly the same size. The largest diameter 
of the slightly elliptical inner portion, encircled by this body, is about 16 mm. 

The internal structure of the fossil i s  very peculiar. Both the main body 
and the appendages are divided by deep t m v e m  furrows into numerous segmenta 
of irregular size. These furrows correspond in the ring-shaped body and in the 
appendages, and unite in the places where the latter are fastened to each other. To 
these deep furrows a very large number of delicate transverse furrows is added, 
which are more distinctly preserved near the outer margin of the fossil and thus at 
a superficial glance give the impression of a proper marginal zone, distinguished by 
their presence. This is, however, not the case, but the delicate transverse furrows are 
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seen to oontinue throughout the entire thickness of the appendages and main body 
wherever the latter are fairly preserved. 

I first thought that this strange fossil might belong to the Calcispongie, and 
ought perhaps to be placed in the relationship of ArnbZyeiphonella radicife~a, 
Waragen and Wentzel (Pal. Indica, ser. xiii, I, PL CXXIII., CXXIV, fig. 1. 
p. 976). This was also Prof. Waagen's view when he first examined the specimen. 
Geheimrath von Zittel, however, one of our most competent authorities on this 

\ 
subject, after a olose examination of the Tibetan fossil refused to acknowledge the 
possibility of its belonging to the Calciapongia, and suggested a similarity, though 
rather distant, to crinoid roots. The tact of the specimen being unique forbade the 
use of the grindstone. I could therefore only preparo a single section of its out- 
lying portions for micmscopicd examination, but this section revertled nothing 
of the characteristic structure of Echirodermata, although this structure may only 
have been destroyed by the pn>cess of fossilisation. 

The fosail in question must consequently still be treated as a problematioum. 

STRATIGRAPHICAL RESULTS. 

The fauna of the lheotone crag of Chitichun No. I is composed of the following 
species :- 

CBUSTACEA. 
1 .  Phillipaia Middlerniari, Diener. 
2 .  Ch eiropy9e himalayenria, Diener. 

CWHAMPODA. 

3. Stadeocerar Triaurti ,  Diener. 

4 .  daicrllopecten a t .  jobiernri, Waagen. 

BRACEIOPO~A. 

6. Productur lineatus, Waag. 
6. ,, Cora, d'Orb. 
7 .  ,, rernireticnlatur, Mart. 
H. ,, botivienaiu var. Chiticiunenrir, niener. 
9. ,, cf. s~bcoitatur, Waag. 
1 ,, gratiomr, Wasg. 
11. ,, cancriniformia, Tscbernyscbew. 
14. ,, Abichi, Waag. 
13. ,, mongolicur, Diener. 
14. Marginifera typica, Waag. 
16. dulot/ege8 libeticus, Diener. 
16. Lyttonia nobilis, Waag. 
17. Gpirij%rina octoplica/a, Sow, 
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18. Spirvsl. mraakhsylerris, Dsvideoo. 
19. ,, W''unsi, Waag. 
go. ,, tibetasus, Diener. 
21. Martiria ef. gglabro, Mart .  
92. ,, elegana, Diener. 
83. ,, nwcula, Rothpletr 
24. ,, semiplaua, Waq.  
e6. ,, acukrarginalis, Diener. 

98. 3 ,  coniroota, Meek aud Worthaa 
97. Retimlaria linesto, Mart. 
28. /thyria (8pirigara) Royssii, U v .  
99. ,, ,, capillata, Waag. 
30. ,, ,, 8ubezpanra,Waag. 
31. SpirigereCla Detbyi, W aag. 

3%. ,, grandis, Waag. 
88. ,, partucnido, Diener. 
84. Bntsletsa T8chcrnya J e S ,  Diener. 
36. U~cinulur  tiwrensir, Beyrioh. 
36, Coaaroploria Purdoni, Dav. 
87. 3 )  gigamtea, Diener. 
38. 8 9 af. erunaeua, Mart 
39. Heriptychira A imalay enair, Dav. 
40. $8 rpar;iplicato, Waag. 
41. IS in.ata, Waag. 
43. Dielarnur biplez, Wmg. 
43. Notothyrir triplicala, Diener. 
44. ,, cf. subvesieula7ir, Dav. 

BBYOZOA. 

46. FmeatJla, ep. ind. 

46. Ambl~siphonelk,  a t .  aesiculoia, Kon. 

Amaozo~. 

47. dmplezuap. ind. a j .  d. ddichi, Waag. and Wentzel. 
48. Louadaleia indica, Weegen and Wentzel. 

Altogether 48 species, among which the Brachiopodo numbering 40 species by 
far predominate, both in species and individuals, and &prim five-sixths of the 
entire fauna. 

I ought now to enter into a discussion of the relations which exist between the 
fauna of the Chitichun limestone and the faunas of homotaxial beds in other 
countries. As however for a comparison of these faunas among each other the deter- 
mination of the upper limit of the carboniferous system is of fundamental import- 
ance, I shall defer such a disoussion till the present state of the so-called pernocar- 
boniferous problem has been explained. This will be found the more neoessary, 
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as some very important memoirs have thrown new light on the subject since the 
geological results of Waagen's monograph of the Productus limestone fossila were 
published, in consequence of which the views of this author regarding the correlation 
of the permocarboniferoue strata will have to be partly modifled. a 

The diffioulty of oomelating the series of strata intermedia& between the typical 
carboniferous and permian deposits chiefly consists in the fact that an uninterrupted 
sequence of marine beds of both systems was for a long time unknown. I n  Europe 
the discovery of thie Requence is due to the united efforts of the Russian geologists, 
whose works have made Central Russia and the U r ~ l  Mountaim a classic ground 
for the study of the marine development of upper carboniferous and permoc&rboni- 
femue beds. 

I n  Central R w h  the upper carboniferous series is divided into two well defined 
groups. The lower or Noscovian stage (horizon of S p i r i f e ~  moaqzceneie) contains the 
fauna of Mjatchkowa, described by Trautechold; the upper or Gshelian stage 
(horizon of Chofietee uralica, '' ouralien ") oontains the fauna of Gtshel, which hm 
been studied by Nikitin. I n  the upper carboniferous mka of the Urn1 Mountains 
two faunistically different horizons may, acoording to Tsohernyschew, be like- 
wise distinguished: a lower stage (C,) with Spirif~r cf. moeqzcen&, and an upper one 
(Cs horiaon of Prodwtue Cora) which in itself is rather manifold. but consists 
ohiefly of Fwulina limestonehl. The topmost limestones (Sohwagerina horizon) must 
be placed on a somewhat.higher level than the Qshelian stage, corresponding to the 
Schwagerina dolomites of the Oh-Kljasma and Oka-Wolga-bash, which have b e p  
proved by Sibirzew ' to overlie the horizon of Chonetes uralica (Nikit~n's Gshelihn 
stage). The Artinskian marla and sandstones conformably overlie the carboniferoua 
rocks. There ia no break in the sequence, as h a  been proved by Tschernyschew 
and Krmsnopolesky in a most convincing manner. 

To the Artinskian sandstom and marls (CPg) and to the following limestone- 
dolomite horizon (CPc) the name permocarboniferom has been applied by Russian 
geologists. I t  is in thie sense only that the term " pernocarbonif erous " will be used 
in this memoir, aa it is the only one which does not inevitably lead to misunder- 
standing. The denomination Artinskian, which has been proposed by Munier- 
Chalmm and A. de Lapparent ' may perhaps be preferable, as it excludes all mis- 
~ n d e r s t a n ~ ,  but the term permooarbonifemus in the meaning of the Russiar 
geologists has been accepted lately by so many authors (e.g., Waagen, Oredner, 
Kayser, Oldham) that I should not like to drop it altogether. 

It is only above these permocarboniferous strata, a&., above the Artinakian sand 
stones and marls and the limestone-dolomite horizon, that the true C' Permian" as it 
had been understood by Sir Roderick Nurchison, follows. 

Karpinsky and TschernysohewY4 two authors, to whom the most detailed studies 

N. &&mew,-YBm. Corn. QBol. Rnss. St. PBtsrsbourg, 1896, XV, No. 2, pp. !38tl-247. 
' Munaer-Chalm~s et A. de Lapparent,-Note enr la nomenolatnre dea terrains s6dimentaires, Boll, Soa. 

Qeol Fmnoe, d r .  iii, XXI, 1893, p. 762. 
a A. E q i n s k ~ , - U e b e r  die Ammoneeo der Artinsk-stufe, Hem. Aoad. Imp. Soi. at. Petenbourg, d r .  uxvi i ,  

p. 86-101. 
' N6w. Com. GBuL Busr. St. PBtsmbonrg, 111, No. 4 ,18@~,  pp. 362-336. 
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of the Artinskian fauna are due, strongly advocate the distinction of the permoar- 
boniferous from carboniferous and permian systems, and are decidedly averse to 
uniting it with either the one or the other. Tsohernyschew especially strongly 
combats the view of the majority of geologists who proposed to unite the pernocar- 
boniferous with the permian, as a lower division of the system. According to him 
a separation of the pormocarboniferous from the permian system is demanded by 
the general aspect of the fauna, in whioh the cazboniferous types greatly predominate, 
ohiefly among the brachiopoda. If it ought to be united either with the carboni- 
ferous or permian system, in spite of its distinotly intermediate position, it must 
necessarily be placed in the former, on the strength both of the carboniferous charac- 
ter of its fauna and of historical priority, since the Artinskian sandstone had been 
correlated with the carboniferous millstone-grit of Western Europe by Sir Roderiok 
Murchison, who f is t  introduced the name of permian. 

Against the first argument the objection may be raised that notwithstanding 
the prevalence of carboniferous types in the Artinskian fauna, the latter ccmarks a 
very important moment in the history of development of organio remains, namely, 
the first appearance of true ammonites with complicated sutures."' Nor is the large 
percentage of carboniferous types in the Artinskian fauna an astonishing fact, in 
view of the absence of any break in the sequence of marine beds from the upper 
carboniferous to the true permian strata. Even in beds, which must be placed very 
high in the permian system, in the upper Productus limestones of the Salt Range 
and in the Otoceras beds of Julfa, the fauna contains a proportionately large number 
of carboniferous forms. It is to the faunaa of these deposits, the normal reprwnta- 
tivm of the pelagic permian, not to the local fauna of the Zechstein, that the permo- 
carboniferous fauna must be compared, if we want to get a clear idea of its relation- 
ship to those of the upper carboniferous and permkn. Bearing in mind the gradual 
passage from an upper aarboniferous to a permian fauna throqh the intermediate 
group of rocks, the question to be amwered is, which oonsideration is of the greater 

I importance in defining the boundary between the two systems, the appearance of a 
new group of cephalopoda, which become of an unparalleled stratigraphical value 
in mesozoic times, or the presence of a belated fauna, composed of forms which are 
generally not well adapted for the characterisation of narrowly limited horizons. 

The majority of geologists have decided in favour of the first alternative. 
Giimbel,a Krassnopobsk y Kayser,' Waagen,' Credner: Munier-Chalmas and A. 
de Lapparent, Frech-to enumerate only a small number among them,-are unani- 
mous in regardug the permocarboniferous as the lowest division of the permian 
system. 

-4 discussion of the permocarboniferous problem from a historical point of view 

A, Xa@nuky,-loo. cit. p. 101. 
C. W. Qiimbe2,-Qeologie von Beyern, Kassel 1888, I. Th. p. 634. 

a A. Rrauunoplusky,-Mdm. Corn. Geol. RUM. St. PBternbonrg, XI, No. 1, p. 506. 
E. Eayser,--Leh~buch der geologisohen Formntionsknnde, Stnttgart, 1891, p. 157. 
W. Waagen,-Pal. Indica, em. xiii, Salt Bange Foseils, IV, Qeological Resnlts, p. 238. 
R. Crednar,-Eiemente der Geologic, 7. Antl., Geipzig, 1891, 'SOB. 
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leads to a similar result. This side of the questien has been especially treated by 
Frech,' whose reasoning I consider to be entirely justified. 

Sir Roderic Murchison, it is true, did not include the Artinskian deposits in 
his permian system, but on the other hand, his correlation of these deposits with the 
carboniferous millstone-grit is decidedly erroneous, and its priority cannot be res- 
pected. In  the Rhenish regions, where the sequence of terrestrial and lacustrine, 
plant-bearing strata of this epoch is most complete, the true coal measures come to 
an end with the Ottmeiler Sohichten, whereas the following series of rocks compris- 
ing the Cuseler and Lebacher Schichten, have been united in a lower division of the 
permian system by Giimbel. I n  the Carnian Alps plant-bejring beds, containing 
a rich flora of the Ottmeiler Bohichtenz alternate with Fusulina limestones, which 
have been proved by Sohellwiens to be homotaxial with Nikitin's Gshelian stage 
in Central Russia. As  has been noticed by G e ~ e r , ~  this alternating series of dark 
Fusulina limestones and plant bearing beds is conformably followed by a compact 
mass of white Fusulina limestones (Trogkofelkalk) containing Spirifer aupramos- 
qumis,  Nikitin, which must be corelated with the topmost carboniferous Fusulina 
limestones (dchwagerina horizon) of the Ural Mountains, The homotaxis of the 
Ottweiler Schichten and of the Carnian Fusulina limestone, which itself corresponds 
in age to the uppermost carboniferous beds of Central Russia (Gshelian stage) and 
of the Ural (Cora horizon, and Schwagelina horizon), apparently requires the 
boundary line between the two systems to be drawn immediately above the Schwa- 
gerina limestone of the Ural and Timan, and below the Artinskian stage. 

A particular view of the permocarboniferous problem has been taken by 
Rothpletz5 who hints at the probability, " that the permocarboniferous may not 
represent a diatinct stratigrahical stage, but merely a particular facies, which is 
entirely wanting in Western Europe, was confined to the commencement of the 
permian epoch in Russia, but lasted throughout the whole of this epoch in some 
parts of Asia and North America. " 

I 

I quite agree with Rothpletz in his statement that the normal sediments of the 
ocean, which covered parts of North-Western India, of Central Asia and of Russia, 
in the commencement of the permian epoch (Artinskian stage) muat for the later 
&ages of this epoch be looked for in the upper Productus limestone of the Salt Range 
and not in the Zechstein nor in Murchison's a permian system " of Russia, but I 
cannot understand why this view should be inconsistent with the character of the 
ktinskinn deposits as a distinct stratigraphical horizon. A correlation bf the perrno- 
carboniferous horizon proper with higher stages of the permian system cannot be 

P. Ei.ech.-Die Karnisohen Alpen, Halle, 1894, p. 367. 
' E. &uSccsrr.-Das Antlitz der Erde 11, Bd., p. 3@4 : B, t?cheUeisn, Die Fauns dm Karnisohen Fuwlinen 

kalks, I. Th, Palreontogcaphim XXXIX, 1892, p. 1 ; F. Grech, Die Kernischen Alpen, Halie, 1894, 
pp. 309-328. 

E. Sche1lwien.-Litschr. Deutsob. Geol. Ges., 1894, p. 70. 
' Q. CSeyar.-Ueber die Qeologisoheu Verhiiltnissa im Pontafeler Absohnitt der Karnisohen Alpen, Jahrb. 

K. K. Geol. Reichs-Auatalt, 1896, 46, Bd.. p. 156. 
A. Rotlpletz, Die Perm Trim nnd Jum-formation m u f  Timor nnd Botti Pabntcgraphica, XXXIX, 1838, 

' p. 66.' 
IY 
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admitted, seeing the difference of their cephalopod faun=. Ammonites with ceratitic 
sutures are absent in the Artinskian stage. Their presence is barely less character- 
istic of the younger horizons of the permian system, than the h t  appearance of 
more highly developed Ammonoidea, is characteristic of the permocarboniferous 
stage. Rock-specimens like the one described by E. v. Mojsisovics (Denkschr. K. 
Akad. Wiss. Wien, math nat. Cl., LXI, 1894, p. 458) from Stoliczka's collections 
near WoAbjilga (Kmkorum Pass), in which ammonites with goniatitic, ceratitic 
and ammonitic sutures are mixed together, have up to now never been found in 
strata geologically older than the pelagic permian of India or Julfa. 

I n  Ruasia the marine deposits of the Artinskian stage are overlaid by Murchi- 
66 permian system," a sequence of brackish, freshwater and marine sediments, 

with an impoverished fauna,' which cannot be oonsidered ae the normal sediments 
of the permian epoch. This remark applies equally to the local development of the 
German Zechstein or of the British magneaian limestone. The pelagic equivalents 
of these deposits must be looked for in the permian rocks of the Mediterranean 
region in South-eastern Tyrol, Sicily and Armenia, of the Pamirs, of India and the 
Malayan Archipelago, of North America and probably also of Spitzbergen and the 
neighbouring islands. These sediments are proved both by their pelagic faunas and 
by their wide distribution within the Jhetysa and the Arctic-Pacific region to be the 
deposits of the great permian oceans and consequently the normal sediments of the 
permian epoch. 

I n  the Mediterranean region three difEerent rock groups have yielded fossil 
remains of this pelagic development of the permian epoch. These rock groups are 
the Fusulina limestones of the valley of Sosio in Sicily, the Bellerophon limestoneof 

b 

South-eastern Tyrol and Friaul, and the Otoceras beds of Julfa in Armenia. A l l  
of them are of a rather isolated occurrence and, as far as one may judge from their 
faunas, of different age. 

The lowest position is apparently held by the Fusulina limestone of Sicily, Its 
cephalopod fauna seems tb be more nearly related to the Artinskian one than to those 
of the Jabi beds of the Salt Range or of the Otoceras beds of Julfa. Ammonites 
with ceratitic sutures are yet absent. According to Kmpinsky's statement, one 
species of Medlicottia is identical with an Artinskian form, ten more species are 
very nearly allied. On the other hand Karpinsky and Waagen notioed the k t  
appearance of Waagenoceras and Hjrattocerae in Sicily, two genera, which show a 
much more - complicated sutural line than any of the Artinskian Bmrnma.  
Waagen consequently places the Fusulina limestone of Sicily on a higher level than 
the permocarboniferous stage, but on slightly lower level than the Jabi beds of the 
upper Productus limestone. A more exact comparison of the Sioilian and Salt 
Range faunas will only be possible aftar the publication of Gemmellaro's monograph 
of the Brachiopoda from the Sosio limestone, as no cephalopod fauna, is known in 
the Salt Range below the Jabi beds. 

W. Amalirky-The permian npbm in the Oka-Wolgs basin, 1887 ; N. Sibiresccr, M6m. Corn. (3601. Boss. 
8t. PBtmbourg, XV, No. 8, pp. 247-265, 

' B. Susrr-Natural Boience, Pol. 11, No. 13, March 1893. 
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The Otoceras beds of Julfa with their strongly marked triassic affinities must 
certainly be higher in the upper pal~eozoio series than the Fusulina limestone of 
8osio. They cannot be much d8erent in age from the Otoceras beda of the 
Hidlayaa, although the latter certainly hold a somewhat &her stratigraphical 
position, and they may consequently be placedon a level with the upper Productus 
limestone or with the C h i h  group of the Salt Range. 

The youngest of the three rock groups is probably the Bellerophon limestone 
of South-eastern Tyrol. Its fauna is a very peculiar one, species identical with 
those known outside this rock group being almost completely absent. The pre- 
dominence of palsozoic types induced Staohel to fix the homotaxis of these beds 

upper permian, whereas Giimbel supposed them to be of lowest triassic age. 
I have quite recently succeeded in discovering an interesting fauna of these bed8 
in the valley of Sexten, containing the first, ammonites and Orthocerata hitherto 
known in this horizon, which are rather in favour of Stache'a view. 

~n none of these three permian rock groups of the Mediterranean region is a 
normal sequence of marine beds exposed, with the possible exception of the 
Bellerophon limestone of the Carnian Alps, which, however, is underlaid by an 
enormous mass of unfossiliferous limestones and dolomites. Their correlation must 
consequently be based on palsonto10,oioal evidence alone. 

The second region, in which a gradual transition of marine beds of the carboni- 
ferous and permian systems has been observed, is the central and south eastern 
portions of the United States of -North America. I n  the typical seotions of Kansas - 
and Nebraska a gradual passage from the upper coal measuree to the higher beds, 
with a fauna of a permian aspect, has been noticed, but the question, where the 
boundary between the two systems ought to be drawn, still remains to be settled. 
A very able paper by H. S. Williams, in which the present state of the permo- 
carboniferous problem in America, is exposed, has demonstrated that this question is - 

still an open one. " I n  the first place the formations themselves are not delimited ' 
on the same basis in different provinces, and secondly the fossils have been reported 
under so many different names, that a thorough revision of the several biologic 
groups is necessary, before the various lish prepared can be scientifically correlated." 

A cephalopod fauna of a permian type has been described by C .  White from 
the Baylor and Archer counties in Western Texas. Of the five species of ammonites 
composing this fauna, Hedlecottia Copei, Zyaleloceras Cumminei, and Popanocerae 
Walcot ti  are very nearly allied to Sicilian forms, whereas Popamceras Parkeri, Heil- 
prin,' and Paralegoceras baylorenae5 exhibit a near relationship to Artinskian species. 

B. Stochs,-Baitriige zur Fauna der Belleropbonkalke Siidtirols, Jahrb. K. K. Geol. Reichs-An&, Wien 
1877, XXVII. p p  S71-318 ; 1878, XXVIII, pp. QS-168. 

' Correlation Papere, Devonian and Carboniferous, Bull. U. 8. (f801. Surrey, W.shiogton, 1891, NO. 80, 
pp. 193-212. 

C. TPilitsIT-The Texan Permian and its mesozio types of fossils, Bull. U. 8. Qeol. Sum., Werhingten, 1891, 
No. 77. 

Proc. Acad. Nat. Saiences, Philadelphia, 1887, VXXXVI pp. 63-66. 
OonioCiCsa Baylorenma, White. From its general &ape and to the aharwter of the antars1 line this form 

yrobbly belongs to Hptt's genus Paralsgocarar. 
m a 
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A third region, distinguished by an uninterrupted sequence of marine beds 
reaching from upper carboniferous strata through the permian system, is the Salt 
Range in the Punjab. 

This sequence begins with the A.mb beds or lower Productus limestone. The 
stratigraphical relations of the Amb beds to the glacial boulder beds a;nd to the 
Eurydesma sandstones with their Australian affinities are yet doubtful, as has been 
stated by Noetling in a recent paper on this subject.' The Productus limestones 
howefer are quite conformable to each other, and it is only between their top- 
most beds (Chidru group) and the next overlying lower Ceratite limestones, that 
a break in the sequence has been suggested by Waagen. 

The following classification of the Productus limestone series  ha^ been adopted 
by Waagen :- 

I Chidru beds. 
Upper Productus Limestone. Jahi beda 

Khund Ghat beds. 

Kalabagh beds. 
Middle Productus Limestolie 

Katta beda 

Lower Productus Limestone. Amb beds. 

This clasification has been slightly modified by R. D. Oldham: who proposed a 
separation of the Chidru group from the rest of the series and a separation of the Katta 
beds from the middle Produotus limestone. I did not however think it advisable 
to follow Oldham's second proposal, as the different meaning of the terms cc lower " 
and cc middle " Produotus limestone in two memoirs of the Palaeontologia Indica 
would be confusing. I consequently deemed it preferable to accept Waagen's 
classification, but to unite the Virgal and Kalabagh beds into an upper division 
of the middle Productus limestone, thus marking the faunistic contrast between 
this rock group and the underlying Katta beds. , 

There can be no doubt as to the permian age of the Chidru group with ita 
peculiar bivalve fauna, and of the upper Produdus limestone. The homotaxis oE 
the lower divisions of the Productus limestone series is however uncertain, and some 
difference of opinion exists regarding the correlation with upper palmzoic strata 
outside India. 

Waagen believed the entire Productus limestone series to be permian. He 
correlated the lover Productus limestone and the Katta beds with the &inskian 
stage of Russia, oonsidering them as permocarboniferous. To this correlation he 
wm chiefly led by the supposition of a stratigraphical break between the upper car- 
boniferous and permocarboniferous beds of the Ural Mountains, illled up, rn he 
believed, in the Salt Range by the glacial boulder bed and by the Zhrydeama sand- 
stona. This view h a  become untenable, since in the U d  and Timan the con- 

1 F. Nostling, Beitriige zur Kenntnise der Glaoialen Sohiohten perminohen Altem in der Salt Range, Nea- 
Jahrbuoh, 1896, Bd. 11, pp. 61-86. 

a xanual of the Geology of l n d b  2nd gdition, by B. D. O l d k m ,  Calautta, 1893, pp 128.18S. 
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tinuity of the sequence of marine beds from the horizon of Productus giganteus 
(mountain limestone of Weatern Europe) to the Artinskian stage h been proved by 
the geologists of the Russian survey in a most convincing manner. On the other 
hand, the recent memoirs of Nikitin, Schellwien, Tsohernyschew, Sum, and Sibirzew 
tend to show that the number of carboniferous types in the Productus limestone 
is considerably larger than had been anticipated by Waagen. 

The species from the Productus limestone, identical with those of upper oar- 
boniferous strata in other countries, are the following :- 

Productur Cora, dlOrb. Spirifer alotue, Scbloth. 
,, lineatus, Wmg. Retketllaria Eineata, Mart. 
,, remiretimlatus, Mart. Martinia glabra, Mart. 
,, indietla, Waag. ,, sernkplana, Waag. 
,, o~unt ia ,  Waag. Spirverina octo$.cata, Sow. 
,, rpiralis, Waag. ,, ornata, Waag. 

Orthothetes rem+lanus, Waag. Athyris Royssii, Lev. 
Orthis Pecosii, Marcou. Retzia (Eumetria) grandicosta, Weag. 
Derbya grandis, Waag. Camarophor ia Pu~doni ,  Dav. 
Enteletes Kayaeri, Waag. Richthofenia sinensla, Wasg. 
S9irifer musakheylensis, Dav. Fusulina loagissima, Moll. 

J, striatus, Mart. Stenopota ovata, Loned. 
19 Marcouk, Waeg. Feneetella perelegms, Meek. 

To these 26 species the following nine may be added as doubtful ones :- 

Productus gratiosue, Waag. Athyris pectinkjera, Sow. 
,, Humboldli, d'Orb. Dielama elongatum, Scbloth. 

St~e~torhynchus pelargonatus, Schloth. Zyttonia Richlhofeni, &jeer. 
Orthie indica, ffmg. Orthoceras cyclo~horum, Waag. 

At.iculopecten derajatemis, Waag. 

I n  all 35 species. It only needs a comparison of this list with that gived 
by Waagen on p. 163 of his " Geological Results " (Palzontologia Indica, ser. xiii, 
Vol. IV) to prove the carboniferous affinities to be much more strongly marked in 
the Salt Range Productus limestone, than could be anticipated by this learned 
author. 

The affinity of the fauna of the lower Productus limestone to those of the 
I hhelian stage of Russia, of the Cora and Schwagerina horizons of the Ural Moun- 

tains and of the Carnian Fusulina limestone induced Rothpletz (loc. cit. p. 63), 
Oldham (loo. cit. p. 125) and Frech (loc. cit. p. 372) to correlate the lower Produotus 
limestone with upper carboniferous rather than with permocarboniferous beds. E. 
Sums,' after a careful examination of the upper carboniferous fauna of Tongitar 
(southern slopes of Tian-shan) likewise agrees with the above mentioned authors in 
the opinion, cc that the entire Productus limestone forms a series, which cannot be 
separated from the carboniferous system, and that the Fweulina bearing Amb beds 
mrtainly belong to the latter, although their correlation with tho Gshelian stage 
may yet remain questionable. " Noetling in his preliminary note on the glacial 

E. ~S'usaa, Beitriige zor Stratigraphic Central-Bsiene, Denkachr, E. Am. Wiss. Wieo, math. nat. (3- 
LXI, pp. 438,439. 
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boulder beds of the Salt Range takes a different view (loc. cit. p. MI), comidering 
t h a e  beds as well as the entire Productus limestone series ae permian. But from 
a palseontological point of view a correlation of the Amb beda with upper csrboni- 
ferous strata appears to be more adequate to their fauniatic charader. 

The fauna of the lower Productus limestone (Amb beds) consists of 58 species, 
allowing an exact determination, 42 of which do not extend into higher strata but 
give to this division its peculiar aspect. It contains altogether aixteem species 
identical with forms found also in upper paltx?ozoic rooks of other countries. All of 
them occur in upper carboniferous beds, but only twelve extend into permo- 
oarboniferous strata. This proportion is in favour of a correlation of the Amb beds 
with deposits of an upper carboniferous age. 

The middle Productus limestone of the Salt Range has been considered as 
homotaxial with the permocarboniferous beds of Russia (Artinskian stage) by 
Tschernyschew. Waagen however admits this homotaxis for the &tta beds only, 
but correlates the Virgal beds with the permian limestones of Kostroma, which 
are on a lover level tha;n the great bulk of permian beds as exposed in Perm and thus 
are intermediate between the permocarboniferous beds of the Ural and the typical 

strata " (loo. cit. p, 194). The palseontological evidence is more in favour 
of Tschernyschew's view, which has been accepted by Rothpletz (loc. cit. p. 63). 

Among the brachiopoda of the upper division of the middle Productus lime- 
stone (Virgd and KQ6bagh beds) seven specia only were known to Waagen 8s 
identical with upper carboniferous forms. By more recent'hvestigations this num- 
ber is now increased to seventeen. Among the Artinskian brachiopoda, as enu- 
merated in Tschernyschew'stsbular statement seventeen are identka.1 with Salt 
Range types. Eight of them are ubiquitous ranging from upper mrboniferons 
&to permian strata. Of the remaining nine species two are restricted to the Amb 
beds, 1 to the Amb and Katta beds, 1 to the upper division of the middle Prodno- 
tus limestone. One extends from the Kat ta, beds into permian strata, one from the 
Amb beds through the entire thickness of the middle Productu limestone, four 
are restricted to the upper division of the middle Produdus limestone m d  to the 
upper Productus limestone. Excluding the ubiquitous species, whioh c&uot  be 
considered as leading, the distribution of identical species is as follows :- 

Upper Productus Limestone : 4. 
Virgal and Kildbagh beds : 6. 
Katta beds : 3. 
Amb beds : 4. 

It wil l  be seen from this tabular statement, that thera is no sufficient reason 
for correlating the Artinskian stage with the Utta beds only, but that equally 
strong faunistic affinities exist between the Artinskian brachiopoda and those of the 
upper division of the middle Productus limestone, 

There is no doubt that this statistical method of correlation is open to grave 
objections, as the admixture of a few species only would sdlice to influence the 
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result considerably. It must be borne in mind that a comparison of the fauna of 
the middle Productus limestone with that of Artinsk is the more difficult, as 
no oephalopods are known fiom this S d t  Range horizon, and we therefore 
must rely in our correlation almost entirely on bwchiopoda alone, cc which very 
generally do not keep strictly to an exact geological horizon and therefore can be 
used only in rare caws as reliable documents for the identification of a narrowly 
limited geologicd stage or zone." What I wanted to prove by this statistical 
method, is merely the fact, that there exist strongly marked affinities between the 
faunas of the Amb beds and of the Russian and Carnian upper carboniferous strata 
on one hand, and between the Artinskian and middle Productus limestone faunas 
on the other. 

In the present state of our knowledge, the following modifications of 
Waagen's correlation of the Productus limestone series appear to be required. 
The lowest division of the uninterrupted sequence of marine beds, known as Pro- 
ductus limestone, is probably homotaxial with the topmost carboniferous strata in 
Europe. The equivalents of the Russian permocarboniferous horizon (b inskian  
stage) must be looked for in the middle Productua limestone, but the question 
whether the boundary between the permocarboniferous horizon and the higher 
stages of the permian system ought to be dram above the Kalabegh beds, cannot be 
answered, until cephalopod faunas have been discovered in one of the divisions 
of the middle Productus limestone. 

The rich development of permocarboniferous or permian strata of a pelagic 
type in the Arotic region (Spitzbergen) is too little known to allow any exact cor- 
rekition with the subdivisions of the anthracolithio system1 in other countries. 

The correlation of the permian deposits of a pelagic faciea, according to the pre- 
sent state of our knowledge, is shown in the tabular statement on p. 105, it is, of 
course, only approximate, and in many instances yet open to grave doubts. Never- 
theless I believe it to elucidate more clearly my views on this subject than would be 
possible in the text. I n  this tabuhr statement only such deposits have been 
admitted, whose correlation can be based on the presence of fossil remains. The 
Zechstein or magnesian limestone development of the permian system have been 
purposely excluded, becauso they do not represent a pelagic type of this system. 

Having explained the present state of the permocarboniferous problem, I may 
enter now into a discussion of the relations existing between the fauna of the lime- 
stone crag of Chitichun No. I, and the faunas of homotaxial beds in other countries. 
This subject is so much more the important, as a determination of the geological age 
of the Chitichun limestone must be baaed on palzontological evidence only, the 
Limestone crag itself exhibiting no stratigraphical connection with the surrounding 
beds. 

I t  will be found oonvenient to treat each olass of fossils separately, although 

' I oonridm thin term, whiob hee been propod by Wagen (Zoc. oit., p. '241) very fit for uniting the car= 
boniferotu oud permian systell~ under one oune. 

1 .  . 
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the p&ontological evidence muat chiefly rely on the bmchiopoda, which by far 
predominate over all the rest of organic remains. 

The two pygidia of trilobites can be of but little service for the identification of 
the geological horizon of the Chitichun limestone. One of them, Cheirop yge him- 
Jayeneie, belongs to a new genus. The second, Phillipeia Illiddlemissi, may be 
compared to types, which have been found in upper carbonif eroua and permo- 
arboniferous beds of other countries. Karpinsky (loc. cit. p. 101) considers the 
Artinskian stage as a period in the history of dovelopment of organic life, charm- 
terised probably by the appearance of the last trilobites, which do not extend into 
higher permian strata. The geologically youngest trilobites have been discovered 
in the permian Pusulina limestone of Sicily, but their absence in the permian rocks 
of India and Armenia, is perhaps only accidental. Nevertheless the presence 
of trilobites in the Chitichun limestone corroborates the evidence adduced by the 
character of the entire fauna, that it does certainly not correspond to a higher level 
than to the permian of Sicily. 

The discovery of Stacheoceras Trimurti is of the highest geological importance. 
Up to now ammonites of this subgenus have never been found of an older than per- 
mocarboniferous age, whereas they are among the most common types in permocar- 
boniferous and permian strata of a pelagic facies. The occurrence of this species 
in the Chitichun limestone, in correspondence with other evidence, clearly proves 
this limestone to be of a younger than upper carboniferous age. 

Five sixths of the entire fauna of the limestone crag of Chitichun No. I is 
composed of brachiopoda. Among them the product id^ and Spiriferida are about 
equally strongly represented, whereas the L yt  tmiida, Porarnboraitidce, Eh yncho. 
n e l l i d ~  and Terebratulida are represented by comparatively few forms. 

The following eight species of brachiopods are peculiar to the present fauna and 
have not yet been found outside the crag of Chitichun No. I :- 

Aulosteges tibeticue, Diener. 
Spirifer tibetanrr, Diener. 
Martinia elegans, Diener. 

,, actrtomarginalia, Diener. 
Spirigerella pertumida, Diener. 
EnteErtes Tschernyschefi, Diener. 
Camarophoria gigatltea, Diener. 
Nutothyria tri~iicata, Diener. 

To this list Productus bolivivieneis var. chilichuneneie, Diener, ought perhaps 
to be added, though its identity with a species from Timor is rather doubtful. 

All the rest of species (31) are identical with forms that have been previously 
described from other countries and localities, although the exact age of the beds in 
which they occur has not everywhere been fixed with suf6cient certainty. 

The region, which is geographically least distant from Chitichun No. I, and in 
which the richest development of approximately homotaxial beds has hitherto been 
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made known, is the Salt Range in the Punjab. m e  relations of the fauna of the 
Salt Range Productus limestone and of the Chitichun limestone are very close. 
Twenty-six species of brachiopoda are identical. The greatest number are such 
forms, as occur in the upprr division of the middle Productus limestone (Virgal and 
Khltibagh beds). These species are the following :- 

Productus lineatus, Waagen. 
,, Cora, d'Orb. 
,, cf. ;rabeostdtus, Waag. 
,, gratio;us, Waag. 
,, h i c h i ,  Wsag. 

Marginifera iypica, Waag. 
Lyltonia ro6ilis, Waag. 
Spiriferina octoplicata, Sow. 
Spirifer musakleylenai~, Dav. 

,, Wynnei, Waag. 
Narlinia semiplana, Waag. 

Spirigerella Dsrbyi, Waag. 
,, grandia, Waag. 

dthyris  Royrrii, G v .  
,, subexpanra, Waag. 
,, capillata, Wang. 

U~~cinulur limorensi;, Beyr. 
Camarophorirr Purdoni, Dav. 
Dielasma b&lez, Waag. 
Heaiptychina sparsiplicata, Waag. 

)P himalayemis, Dav. 
91 injata,  Waag. 

ATotothyris subvesieularla, Dav. 

Of these 23 species, more than half of the entire brachiopod fauna. of Chiti- 
ehun No. I, the following. four do not extend into higher strata : - 

Spirijer Ifynnei, W a g .  
JA.-riinia scmiplana, W a g .  
W e l a ~ m a  biplet, Waag. 
tf emiptych ina sparriplicata, Waag. 

A l l  the rest occur also in the upper Productus limestone of the Salt Range 
but there is not a single speoies of the upper Productus limestone identical with a 
Chitichun form, which does not also oocur in the middle Productus limestone. The 
a,$nity of the Chitichun fauna consequently appears to be more intimate with that 
of the middle than with the upper Produotus limestone. This evidence is corm- 
borated by the occurrence of a small number of species identical with such from the 
Amb beds and Katta beds, which in the Salt Range do not extend into higher divisions 
of the Productus limestone series. These species are the following :- 

Product~,  remireticulatus, Mart. 
Reticularia lineata, Mart 

iQartinia cf. ghbra,  Mart. 

On the other hand, there are among the Chiticbun brachiopoda only ten 
identical with species from the Amb beds, and nine with those the Katta beds. 
Nor ia there one of the three above q'uoted species, which could be considered 
as chmcteristic of a distinct geological horizon. This distribution of identical 
species indicates a homotaxis of the Chitichun limestone with the upper division of 
the middle P~oductus limestone (Virgal and Khltibagh beds,) in the Salt Range. 

X 



With upper carboniferous b e  of Europe (Carnhn Alps and Russia) the Chiti- 
d u n  limestone has ten species of brachiopoda in common. These are :- 

Productur diueatur, Waagen. 
,, Cora, d'Orb. 

, ,, remiretienlotus Mart. 
,, caacriuif0rmia, Tschern. 

Spiriferina octopZicala, Sow. 
Gpirifer nusakley Ze&, Dav. 
.%ticularia dinsata, Mart. 
Martinia glabra, Mart. 

,, remiploua, W-m. 
Atligri, Roysrii, L6v. 

There is not a single form among them, which is restricted to carboniferous 
deposits and does not extend into higher strata. 

The two species of brachiopoda in the Chitichun limestone which have hitherto 
been found in carboniferous strata only, are Productus mongolicue, Diener, and 
Martinias contracta, Meek and Worthen. 

Produclue mongoticw, is identical with a species from Loping in China, which has 
been described ~ls Prod. cf. Cora by Kayser, and has been compared to P. cmpres- 
8u8 by Waagen. The fauna of Loping is distinguished by a rather mixed assem- 
blage of forms, notwithstanding its well marked carboniferous aspect. 'l'he question 
may therefore be raised, if P. rnongolicue with its strong affinities to the permian P. . 

cO~pre88U8 does not form part of the small fraction of permian types, which, like 
Stropblo8ia horreecens, Vera., are in this fauna mixed together with carboniferous 
species. 

Mortinia contracto has been quoted fmm the Chester group of the lower ear- 
bonifemus series of Illinois, but it belongs to a group of forms, which are but very 
little adapted for the identifioation of geological horizons. I need only allude 
to dlartinio planoconuexa, SBumd, which extends from devonian into permiar 
strata without any variation1. The preaence of this species, therefore, cannot influence 
the evidence afforded by the general character of the fauna. 

The relations of the Chitichun fauna to that of the Artinskian stage are more 
intimate than those with the faunas of any of the uarboniferous stages of R u s h .  
The following twelve species can pmbabl y be quoted as identical with &tinskian 
ones :- 

Productur dinsatus, Waag. Bpirifsr mutaklylensis, Dav. 
,, Cora, #Orb. ,, Wynnei, Waag. 

semirelierlalrr, Mart. Reticularia lineata, Mart. 
,, caneriniformid Tsohern. Martinia remiplaaa, Waag. 

YargiaifGra tgpico, Wsag. AtiLytir Royrrii, Lev. 
bpiriferina octopticata, Sow. Camarophopia Purdoni, b v .  

The nearest region to the Punjab and to Hundes, in which beds correspond- 
ine; exactly in age to the Aidinskian stage have been found, is Dm- .  I n  

F. Rrsci ,  in E. &was, Beitriige cur Strstigrnphie Central Aeienn, Denkschr. K. A k d .  Wim. Wien, mth. nst, 
a, LXI, p. 466. 
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a rock-specimen brought from this country, five speoies of ammonites were 
discovered by Karpinsky,' two of which are a baolutely identical with Artinskian 
f oms. 

The permian rocks, collected by Stolicz ka near Wodbjilga (Karakorum Pass), 
contain ammonites with ceratitic sutures recalling of Xe~odiacus, W q e n ,  and 
must consequently be plaoed on a higher level than the &inskian stage or the 
Fusulina limesbne of Sicily. 

There is yet a third rock-group in Central Asia, which ia perhaps of permian 
age. This is a brachiopod-bearing limestone, which was discovered near the Gussass 
river (Western Kuen-Lun) by Bogdanowitsch. To the species, collected in this 
limestone by the Russian geologist and described by Frech (loc. ckt., p. 464) Productus 
carrcriraijormie, Tschern., must be added. The limestone unconformably overlaps all 
the geologiqally older beds including the upper carboniferous strata of the Mos- 
covian stage with P. aemireticulatua. Whether the Gussass fauna ought to be 
correlated with the Cora horizon of the Ural rather than with any permian stage 
cannot be asserted, as P. cancripaiformis, the only characteristic fossil, ranges from 
the carnian Fusulina limestone of upper carboniferous age into permian strata. 

The affinities of the Chitichun fauna to the hitherto known carboniferous and 
permian fauna of the main region of the HimBayas are considerably less distinctly 
marked than those with the Salt range or Artinskian faunas. 

In  my monograph of the Productus shales fossils (Pt. IV of the present 
volume) I have laid a special stress on the strongly marked difference between the 
brachiopod faunas of the Chitichun limestone and of the Productus shales of Pain- 
khanda and Johhr, which, on the evidence of their intimate stratigraphical oonnec- 
tion with the triassic Otoceras beds, must be correlated with higher stages of the 
permian system rather than with the permocarboniferous horizon. The detailed ex- 
amination of the brachiopoda in the collection from Chitiohun No. I has codrmed 
my view. Five species only are identical in the two rock groups. These are :- 

Productus cancrinifovmis, Tscheru. 
Spi r i f e~  mrarakheyZenaie, Davids. 
Martinia c f .  glabra, Mart. 
Spircgerella Berbyi, Waag. 
AtRyris Boyaaik LBv. 

There is none among them, with the sole exception perhaps of Spicigerella 
Derby i, Waag., which is characteristic of a distinct geological horizon, and we might 
count these ~peoies just as well among the forms identical with upper carbonifer- 
ous, permocarboderoua or truly permian strata. The presence of a large number 
of Prodtccti of a distinctly permo-carboniferous type gives a more ancient aspect to 
the Chitichun fauna. 

A comparison of the Chitichun fauna with that of the upper ~arboniferou~ 
rocks of Kashmir will not be possible until the latter has been studied in detail. It 
is, however, apparent, both from Davidson's descriptions and from s superficial ex- 

Verhandlgn. K. Rum. Xineralog. Qerellsoh., St. Petemburg XVLII, p. 212. 
N a 



mination of the fossil materials from Kashmir entrusted to me by fhe Director of 
the Geological Survey of India, that the affinities between the two faunas are rather 
distant, only less close probably than with the Amb beds or with the upper carboni- 
ferous strata of the Carnian Alps and of Russia. In the fauna of the Barn beds I 

of Kashmir there are distinct indications of Australian ffinities. In the Chitichun- 
f 8 ~ n a  not the slightest trace of similar ffinities to Australian carboniferous fauna 
has been noticed. 

I cannot point out any beds in the main region of the Himtilayas which, with 
any probability, could be placed on a level with the Chitichun Limestone. The white 
erinoibl limestones, which Mr. Hughes' discovered some twenty y e m  ago, some- 
where to the north of Milam in the vicinity of one of the frontier passes leading into 
Hundes, may perhaps hold a similar geological position. Of the fossils oollected. by 
Mr. Hughes the following have been determined by Prof. Waagen :- 

Produetwa semi~eticuZatna, Mart. 
Ayttonia s f .  i r d .  
Martinia qf. glabra, Mart. 
dthyria Royssii, U v .  
Hemiptyehiaa limalayerair, Dav. 
Notothyris snbcesicndaris, Dav. 

All these species are also represented in the fauna of Chitichun No. I, but amoxig 
them Xotothyrie eubveeicularis alone is fit for an approximately exact determination 
of the geological age, being restricted to the upper division of the middle Productus 
limestone and to the upper Productus limestone in the Salt Range. Regarding the 
s m a l l  number and the rather indifferent character of the rest of species, a correlation 

1 

of these crinoidal limestones with the Chitichun limestone would not be advisable, 
if only based on the evidence of this single fossil. On the other hand, it is not 
at all impossible, that the fossils collected by Mr. Hughes during his shooting tour 
from Milam to LapBl encamping ground, have been brought from the crag of Chiti- 
ohun No. I ibelf or £rom one of the neighbouring crags. This explanation is the 
more plausible, as Mr. Hughes probably went to Laptal by the Chitichun area, his 
BXhm Pass being certainly not identical with the Utadhura which he specially 
mentions in his report as a different pass. 

With the upper carboniferous beds of Loping the Chitiohun limestone has but 
very few species in common. These are the following :- 

Productus aemireticulatus, Mart. 
,, mongo~zcua, Diener. 

Reticularia lineata, Mart. 
Martinia cf .  glabra, Mart. 

T. W. H u g h  and W. Woager, Note on a trip over the Milam Pm, Kumaon, Beeorda Cfeol. Survey of India, 
XI., 1878, p. 182-187. The loo slit^, where Mr. Hughee discovered these fossilifeons limestones, mnnot be made out 
exaatly from his derori~tion. No similar beds hare been noticed by Qriesbmh in the main sedimentary. belt of the 
Central Himnlayaa to the north of M ilam. 
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There are however other beds in South-eastern Chim, which seem to approach 
more closely the Chitichun limestone in their geological age. These are the beds of 
Yar-ka-lo, discovered by Desgodins. From this locality the following species of 
brachiopoda have-been quoted by Loczyl : 

Productus aemiretieuZatua, Mart .  
,, cf. ~ca6skcrlusI Mart. 
,, kiangsiensia, Kayser. 

Marginifera tibetma, nov. sp. 
Strophaloaia, sp. ind. 
Uncinulur timmanais, Bey r. 
ReticuZaria ildica, Waag. 

This is a rather mixed assemblage of species. Pr~ductzca kbangsienais has 
hitherto been found in $he upper carboniferous beds of Loping only, but has its 
nearest allies (P. ttsmidzlq Waagen) in geologically younger strata. P. semi- 
retioulatua and P. scabtriculus extend through the entire carboniferous system 
into pernocarboniferous strata. Retioularicc indica is in the Salt Range restricted 
to the upper division of the middle Productus limestone. Uacinulua timorensis does 
not descend into geologically older strata than the Virgal beds of the middle Produdus 
limestone. 

So far, as it is possible to judge from this fauna, the beds of Par-ka-lo appear to 
be not more ancient than the middle Productus limestone of the Salt Range, and 
they should probably be placed about on a level with the Chitichun 'limestone. 

Another group of rocks in the Chinem province of Kiangsu, which has been 
discovered by F. von Richthofen near Tschu-sz'-kang on the lower Yang-tee- 
kkng likewise corresponds in Frech's a opinion to the middle Productus lime- 
stone of the Salt Range. By the same author a permian age is ascribed to the 
black shales of Ning-kwo-hsien (province of Nganhwei) , but the determination of 
two unsatisfactorily preserved species of ammonites, on whioh this view has been 
based, remains somewhat doubtful. 

There is yet the probability of one correlation to be discussed, and this is a 
comelation of the Chitichun limestone with the permian rooks of the island of Timor, 
the faum of which has been described by Beyrich, Martin and Rothpletz. The 
number of species of brachiopoda identical in the two fauns, is eloven or perhaps 
even twelve. These species are the following :- 

Producttta semireticwZatus, M a d .  

,, 1 chitiahuasnris, Diener (=nov, ap. id . ,  Hothplet,~). 
,, gratiorur, Waag. 
,, ABichi,Waag. 

Spiriferino octoplicata, Sow. ' 

1 Die nisseneohaftliohen Ergebnieee der Reise den Cfrafen Bkls Szeohenyi in  Oet-Aeien, I. Th., Wien, 1803, 
p. 72% 

a E: F&ch,-Ueber pdmzoische Fanneo ans Aeien ond Nordafriks, Nenes Jabrbnoh., 1896, p. 64 



Spirifsr nusakbqlarria, Dav. 
Reticulan'a lineata, Mart. 
Martirria nucula, Rothpl. 
Athyris Royrsii, LCv. 

,, capillota, Waeg. 
Uncinuks titnorensis, Beyr. 
Hemiptychiw epareiplicata, W a g .  

Among the permian brachiopoda of Timor sixteen species altogether-out of 
twenty-six-are identical with Salt Range f o m ,  exhibiting about equally strong 
affinities with the upper division of the middle Productus limestone and with the 
upper Productus limestone. The ocourrence of Cyclolobue pererlcatus, Roth~l., is 
strongly in favour of a homotaxis of the permian rocks of Timor with the Fusulina 
limestone of Sicily or with one of the subdivisions of the upper Produotus Limestone. 
Similar ammonites have as yet never been found in permocarboniferous strata. I 
consequently think that the permian rocks of Timor ought to be placed on a slightly 
higher level than the Chitichun limestone. 

The relations, which exist between the brachiopod fauna of the Chitichun lime- 
stone and those of beds in a similar geological position in America, Spitzbergen and 
Armenia, are nothing less than striking, while the number of forms identical with 
those found in the permian rocks of Julfa is remarkably d (2). 

The names and distribution of all the species of Chitiohun brachiopoda, which 
have been found in other parts of the world, are shown in the tabular statement 
on p. 103. 

The most important fact, appearing on a first glance at  this tabular view, is the 
intimah affinity of the Chitichun fauna to the Productus limatone fauna of the 
Salt Range and its remarkable differencte from the permian fauna of the H a l a y a n  
Productus shales. A special stress must be laid on this faunistio difference b e  
tween the limestone crag of Chitichun No. I and all the hitherto known beds of 
carboniferous or permian age in the main region of the Himhlayas. 

Of all the other classes of organic remains in the Chitichun limestone I need 
say but very' little. They take a too insigaifioant part in the known fauna to 
materially affect the evidence adduoed by the hitherto quoted forms of inverte- 
brates. It is however worth mentioning that the only species of coral, which 
is very numerously represented in the Chitichun limestone, Xonednteia iPtdica is 
identical with a form from the upper division of the middle Productus limestone 
in the Salt Range. 

With regard to the general character of the fauna described in the preceding 
chapter, I may sum up my view in respect to the stratigraphiod position of the 
Chitichun limestone in the following sentence. 

The Chitichun limestone is approximately homotaxial with the upper division 
of the middle Productus limestone ( V e a l  and KBUbsgh beds) in the Salt Range. 
I t  probably corresponds in age to the permocarboniferous horizon (&tinskian 
stage) in Russia, but the description of the brachiopods from the hsulina' limestone 
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of Sicily must be awaited for, before it is possible to deoide, whether it does not 
hold a slightly higher position in the stratigraphical sequence, than the Artinskian 
deposits. 

Statement elrowing the distribution of the Chitchun permian fauna in other regions. 



HIMALAYAN FOSSILS. 

Btatemewt showing the distribution of  t i e  Chitdun permias fauna is other regions-concld. 
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PLATE I. 
Fige. 1. STACHEOCEBAS T ~ ~ M E B T I ,  Diener. Entirely chambered specimen. la ,  aids view ; 

16, doreal view ; lc, front view ; Id, fragment of an outer whorl ; 18, sutural 
line taken from the fragment I d ;  If, entars1 line taken from la.  

w 2. CEBIROPYQE aIarAramxasle, Diener. Pygidium. 2a natural eize; 26 and 2e 
(side view, enlarged 2 diameters). 

81 3 a, b. PEILLIP~IA MIDD~MISSI ,  Diener. Pygidium. 

I1 4. AVICULOPECTBN AFF. JABIENBI, Waogen. Caet of a left valve. 

13 6. LYTTONIA n o a m s ,  Waagen. Fragment, showing the cardinal region of the  
ventral valve, with the eepta and frsgmente of the dorsal valve. 

,a 6. LYTTONIA NOBILIE, Waagen. Fragment, exhibiting the internal charactere of t h e  
cardinal portion of the ventral valve. 

93 7. LYTTONU NOBILIB, Waagen. Fragment of the ventral valve of a very large 
epeoimeo, ehowing the poroue character of the shelly eubetanoe. 
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PLATE II* 
Figs. 1, 3, 6. PBODUCTU~ sEr,iIsmcuLaTns, Mart. Fig. 1, fairly complete specimen, repre- 

senting the t y p i d  form of the epeciee. la, ventral view ; 16, dorsal view ; Ic, 
lateral view ; 14 apical view. Fig. 3, largest specimen known to rn6. So, 
ventral view ; 36, front view. Fig. 5, aaet of the d o r d  valve. 68, lateral 
view. 

>I 2,4. PBODUCTUS BoLIrImaIe VAB. calTra~uNBNsrq two ventral valves. Fige. 2 and 
4ua, ventral viewe; 48, apical view; 4c, lateral view. 

91 6. PEODUCTUS CF. BUBWBTATUB, Waagen. Caet of m dorsal valve. 6a, dorsal view ; 
6b, lateral view; 6e, part of the sculptare, exhibiting the deep grooves along 
the inner margine of the wings. 
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PLATE 111. 

Figs. I, 2. PBODUUTUS -eExIsaTraabTos, Mart. Fig. 1, specimen with a very deep sinus ; 
l a ,  ventral view ; 16, lateral viem; lc ,  front view. Fig. 2, specimen with r 
very low sinus. 2a, ventral view; Zb, apical view ; PC, lateral view. 

w 3-7. PBODUCTUS QRATIO~US, Viaagen. Fig. 3, oomplete specimen, Sa, ventral view ; 
3b,  dorsal view ; Sc, apical view ; 3d, front view ; 36, lateral view. Fig. 4, 
specimen mith partly preserved spiaee. 40, ventral viem ; 4b, apical view ; 6, 

lateral view. Fig. 6, largest specimen known to me. Fig. 6, specimen with 
frequently bifurcating ribs. Fig. 7, small speoimen mith unusually deep 
sinue, a, ventral view ; 66, 68, lateral view; c, front view ; Sd, Bd,  apical view; 
76, apical view. 

8. PBODU~TUS ABICHI, Wagen .  Ventral valve. Fig. 8a, ventral view ; 86, lateral 

view; &, front view ; 8d, apical view. 
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PLATE IV. 
Figr. 1. PBODUCT~S COBA, dlOrbigny. l a ,  ventral view; lb ,  lateral view ; le, front 

view ; Id,  apical viem. 

9, 
a-5. PRODUCTUS LrNsATue, Waagen. 20, ventral view; 26, lateral view; PC, apical view, 

Fig. 8, ventral valve of a deeply pinuated specimen. Figs. 4, 6, largeet speai- 
men8 known to me. a, ventral view; 6, lateral view ; c, front view ; dl apical 
view. 

$ 9  6, 7. P1ro~ut:~us CANCB~NIPOBMI~,  T~chernyscbew. Partially preserved ventral valves. a, 

ventral view ; b, lateral view; c, front view ; d, apical view. 

,, 8, 0, 10. PRODU~TUB YONOOLICUB, Diener. Fig. 8, ventral valve of a tolerably complete 
specimen, a, ventral view ; 6, lateral view ; c, front view ; d,  apical view. 
Fig. 9, ventrsl valve with strongly geniculated trail. a, ventral view; 
6, lateral view ; c, dorsal view. Fig. 10, fragment of a very large ventral 
valve. 

,, 11, 12, 13. MAEGINIFERA TYPICA, Waagen. a, ventral view ; b, dorsal view ; c, lateral viem ; 
d ,  front view; 8, apioal view. Fig. 12, dorsal view of a specimen with 
w i n e  broken off, thus showing the marginal ridgee. 
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PLATE V. 
Pigs. 1, 2. MARG~IPEBA TYPIOA, Waagen. a, ventral view ; 6, d o r d  view; c, lateral view. 

2, 3-6. A o ~ o s w a ~ s  mmIone, Diener. Fie. 3, 4, average sized specimens, with partly 
 reserved shell. a, ventral view ; 6, dorsal view ; c, lateral view ; d,  apical 
view ; a, front view. Fig. 6 ,  specimen with a very short hinge line. a, ven- 
tral view ; 6, dorsal view ; c, lateral view ; d, front view ; e, apical view. 
Fig. 6, largeat epecimen, known to me, c ad  without shell ; a, dorsal view; 
6, ventral view; c, lateral view; d, apical view; e, front view. 

,) 7-11. ENTELETE~ TSCHRENYBCHBFPI, Diener. Fige. 7, 10, complete specimens. a, dorsal 
view; 6, ventral view; c, lateral view ; d, apical view ; a, front view. Fig. 8, 
ventral view of a smaller valve. Fig. 9, incomplete epecimen, with well 
preserved cardinal region. a, ventral view; 6, apical view ; c, lateral view. 
Fig. 11, doreal view of a larger valve. 
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PLATE VI. 
Figs. 1-7. S ~ r a r r r r r  T I B ~ A N U E ,  Diener. la, 20, Sa, 4d, 61, 78, ventral view ; l b ,  ab, 3, k, 

51, 6a, ?a, doreal view ; c, lateral view ; Id, apioal view ; I a, 4d, f ton t view. 

#I 8. SPIWPB ~ ~ A X H P ~ ~ ~ Y ~ I B ,  Davidmn. Fragment of a d o 4  valve. 
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PLATE VII. 
Figs. 1 4 .  SPIRIPBR WYNNEI, Waagen. a, ventral view ; 6, dorsal view ; c, lateral view ; 

d, front view ; e, apical view. 

9 )  5-7. SPIBIFERINA CRISTATA VAR. oCTOPLTCATA, SOW. a, ventral view ; 6, dorsal view ; 
c, lateral view; d,  apical view ; e ,  front view. 
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PLATE VIII. 
Figs. 1 ,  S!. MABTINIA ELEQANB, Dieuer. Fig. 1, type specimen. a, r e n t d  view ; 6, dorsal 

view ; c, lateral view ; d, front view ; e, apical view. Fig. 2, ventral vdve 
with partly preserved shell. 2b, part of the shell enlarged, to show the 
punctation of the eorface. 

s9 
3, 4. M A B T ~ I A  ACUTOMAILQINALIS, Diener. Fig. 3, type specimen. a, dorsal view; 

6, ventral view ; c, lateral view ; d, front view. Fig. 4 a, ventral view ; b, 
dorsal view ; c, lateral view; d, front view. 

99 
5, 6. M~BTINIA NUCUU, Bothpletz. a ,  ventral view ; b, doreal view; c, lateral view ; 

d, front view. 

~9 7. MABTINIA BBMIPLANA, Waagen. a, dorm1 view; 8, ventral view; c, bteral 
view; d, front view, 



OeoL Sm, of India. 
CHlTICHUN-FOSSILS (HIMALAYA) 

3P I r a  

0 . . 6 t f i  6 
., . --- j I . , :  

3F . , . , 5 .... . .. 
:+ 'k-t 

, , pa, 4.d 

I -  - 

L - 







PLATE IX. 
Figa. 1, a. MABTINIA amma, Diener. 

12 3. MABTINIA C O N T E A ~ A ,  Meek and Worthen. 
9s 4. MARTINU CP. QL~BILA, Mart. 
n 6-7. RRTICUL~EIA L ~ M T A ,  Mart. 

In all the figures on this plate, a represents the doraal view; b, the ventral view ; 
e, the lateral view; d, the front view; e, the apical view of the specimen, 
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PLATE X. 
Figs. 1, 2, 3, 6. ATRYBJS ROYSSI, Jdveill6. Fig. 6, specimen, with partly preeerved internal 

cbaraoters, showing a portion of the spira. appendages. 

) 9 4. ATEYEIS SUBBXPANSA, Waagen . 
JI 5. ATHYBTS CAPILLATA, Waagen. a, dorsal view ; b, ventral view ; c, lateral view ; 

d, front view. 

,, 7-10. UNCINULUS TMOBENSIE, Beyrich. Fig. 7 ,  very large specimen with a broad median 
fold. 7a, ventral view ; 78, dorsal view; 7c, lateral view ; Id, front view. 
Fig. 8, specimen, agreeing with Wamgen'e Umeiwuluu Theo8ddi from the 
Salt Range Productus limestone. 8a, dorsal view; 86, ventral view; 8c, 
lateral view;. 8d, front view. Fig, 9, lateral view of a specimen with a 
strongly impressed ventral valve. Pig. 10, specimen with partly preserved 
Ahell and strongly developed sculpture ; ventral view. 
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PLATE XI. 
Fie.  1, 2, SPIBIQEBELLA PDBTUMIDA, Diener. 

89 
3. SPIBIQEBBLLA Q B A ~ I S ,  Waagen. 

2s 4. SPIBIQEBELLA DBBBYI, Waagen. 

J I  6. DIELA~MA BIPLEX, Wagen 1, cast of a young individual. 

2) 
6, 7. DIELA~MA BIPGEI, Waagen. 

># 5. CAMABOPHOBIA ep. AFF. a a u u e N A ,  Mart. 
In all the fignree on thia plate, o represente the dored view ; 6, the ventrd view ; 

c, the lateral view ; dJ the front view of the epecimen. 
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PLATE XII. 
Figs. 1, %. HE~~IPTYCHINA BPABBIPLICATA, Waagen. 

SY 3. H ~ M I P T Y ~ H I N  A INPLATA, Waagen. 

SJ 4. HE~~~PTYCEINA HMAWYEIBIS, Davidson. 
,, 5, 7, 30. C A ~ ~ A B O P H ~ R I A  OIOANTEA, Diener. Fig. 7, sbowing the ventral septa (dental 

plates), ventral view. Fig. 10, showing the ventral as well ae the dorsal septa, 
lateral view. 

a )  6, 8, 9. CAMABOPHOBYA PWDONI, Davideon. Fig. 6, middle sized specimen of the typical 
form. Fig. 9,speoimen of nnusnally flat shape. 

I n  all the figures on this plate, a represents the dorsal view ; b, the ventral view ; 
e, the lateral view ; d, the front view. 
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PLATE XIII. 
Pigs. 1, a. NOTOTHFBIS TBIPLICATA, Ciener. a, dorsal view; 6, ventral view; c, lateral view; 

d, front view. 

1 d  
3. PEN~STELLA 6 ~ .  IND. Fragment of a colony, showirlg the non-poriferous aide, 

natural size. 

)) 
4. AYBLYBT~HONELLA BP. AFP. VBSICULOSA, de Kon. cz, lateral view; 8, longitadinal 

~ection ; e, transverse sectiou, showing the central canal. 

I9 5, 6. LONSD~LEIA INDICA, Waagen and %entzel. 5, lateral view of a qecimen, natural 
size; 6a, top view, natural size; 66, lateral view, natural size; 6c, transverse 
section of a corailite, enlarged about 20 diameters, showing the transverse 
lamella in the centre of the columella. 

)I 7. AMPLEXU~ s ~ .  ND. 0, lateral view; 6, transverse section, enlarged Z diametere, 

a1 8. PBOBLEMATICUK. 
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