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FAUNA OF THE SPITI SHALES (LAMELLI- 
BRANCHIATA AND GASTROPODA).

BY

D r . K A R L  H O L D H A U S :
(Translated from the original German by E. W, Vredenburg, Supenntendent. Geological Suroey of India.)

INTRODUCTION.TH E  materials for the present study o f the B ivalves and Q-astropods of the Spiti 
shales were entrusted to me by Professor U lilig . I  must offer m y heartiest 

thanks to Professor U hlig for this favour, as w ell as for the constant help w hich 
he proffered me throughout the whole duration o f the w ork.1

Great care has been bestowed upon the diagnoses in  the descriptive portion o f 
the work. I f  thereby m any o f the d e s e r t io n s  appear to have becom e inordinately 
long, it seems to me that such a copious treatm ent is justified b y  the h igh ly interest­
ing nature o f the m aterial; and the difficu lty o f obtaining access to the greater part 
o f the collection , preserved as it is in  the Calcutta M useum .

It  is un fortunately far too com m on in  .Palm ontological literature to find new 
species of bivalves established without any exhaustive or correct diagnosis, and on ly 
a few  trivial sentences to com m ent upon the illustrations. A  correct description 
is not superfluous even w ith the best iUustrations. The difficu lty o f studying the 
Palaeontological literature referring to bivalves is greatly enhanced by the in accu r­
acy o f many o f the descriptions.1 2

W ith  respect to the illustrations of the fo llow in g  w ork, a few  remarks are 
needed. The illustrations in  Plates X C V II to C were very carefu lly drawn by 
M r. P leischm ann and are in every way correct. The execution  o f Plates X C IY  to 
X C V I was entrusted to a somewhat less accom plished artist. A lthough I  have spent 
m uch tim e and trouble over the correction  o f these plates, there still rem ain in 
some o f the figures, a few  inaccuracies w hich, in every case, are alluded to in the 
descriptive diagnoses.

GENERAL RESULTS.

J. Stratigraphical Results.— E or several reasons the B ivalves do not possess 
from  a stratigraphical point o f view  the same im portance as m any other groups o f 
animals, the am m onites for instance. Consequently all the stratigraphical inform a-

1 The sad news of the death of Professor Uhlig was received shortly after this paper* had been sent to
2 I cannot avoid alluding here to Kitchin's admirable method of diagnosis as a standard worthy of imitation. 

His masterly monograph on* the Trigoniai from Kachh is one of the leading examples uf systematic description.
B



tion that we can derire^vom  a study of I be. Bivalve* from the Spiti shales does 
r.otM nif^ore tlnm confirm the conclniiontf already arrived at from  the Ammonite^ 
iii that same form ^ m i. A few of the occurrences point to an Upper Jurassic age, 
iir, ;ln. m ost proW hlc one for the Spiti shales: for instance, certain species of 
A*<&la wl '•ose nearest allvv are the European forms A. Bron.ii and A. Tallasi, 
and • fd&o a Trigonia closely related to several species from the Jurassic of Kachh 
tf?har: ,r  oil])). T!i(irOther Bivalves from the Spiti shales do not afford any precise 
indications of the age of the roel;.*.

The Spiti shales include two stiatigraphical suh-djvisions easily recognised.from 
their lithological characters.. The byifbr sub-division, known as the B ele#nite beds, 
consists of grey friable shales crowded, w till ‘Bolemnites. w hil# the upper sul>*division 
constituting the Spiti snaipg^roper consists of the wqji-known black compact 
silieitied locks whose a p p lia n ce  is « \traojjdinarily characteristic. Of the Bivalves 
dcsecim bU i^thc following pages, tire (mWones beiongy^g to the Bclemnite beds are 
Lima udancholica and L^psiicula, Inoceramm sp. and probably also Itwoeramm 
coni, aulanmi Boehm.1 A ll the other specimens exhibit the lithological character 
and typica^mod** of pre-sdrvation of the Spiti shales proper. O f the three 
gastropod?; one species,^erithium  sp., must be from the Belcm nitebeds, while the 
other two are from 'the Spiti shales proper.

II . Ihil&ofamhti-c rem its.— In  view of our very fragmentary knowledge of 
file Bivalve fauna of the Jurassic;, the results yielded by a study of the Spiti shales 
fauna can only be of a provisional n#ure A further difficulty arises from  the 
circumstance that various genera of Bivalves differ considerably in their fantastic 
value Side by side with f^rms, such as Trigonia, Area, Goniomva, Aucella, en­
jo y e d  with exceptionally plastic specific features which render them of the ‘greatest 
im|pi*tauec from the point of view of stratigraphy and zoogeography, we find other 
genera whose representatives, in widely separate geological formations and in 
regions situated far apart from one another, often exhibit a deceptive outward simi­
larity which does not correspond with any I rue relationship.2

Amongst the forms rcprcajfeLted in the Spiti shales,, this is especially the case 
w't U the genera Nmtulla, Athirte, PleMomya, and, fit a certain extent also, such 
forms as Inoceram us^jim  t, etc. It seems that, for the present at least, there is 
n(-thinv scarcely to b ^ lb n c with these uncharacteristic genera, but to leave fbe:u 
oat of account in all our Caumstio and stratig^phioal d^cussions.

H r. loir all due consideration to.the difficulties resulting from  these various1* 
causes v e may state our conclusions regarding the Spiti shales fauna somewhat• as
IoIiOVVh ■ .

1 i V ih r n.tyti d* ,a ! vj/.ain veiy • .•{»•] :v remains of ri Bivalve * fu n  ils si2e and shape
..Lon: »* i-ea.!? .1 HfVMjii. jtf

• AVc rrviy »L-tWonuidj- jmsOTL* ^hat the* (List jm-iî DB aJthouirh Impcss.ui<-detect ,'tmohgat the characters
v. m ■ \ u* T>v : ui-ijrWb* y i: • nv\ a :-!o:-.r expr^ioii uiiniotnical -H r jo tens. A verv oOD ĵjfeaaair peculiarity

• >i*iea! tr-iMip-, as rtK J I? 1« u- manner in n;n- h cf-rt.iin ir»-niTa tie representative** of ^hich exhibit
icuiaihu \ ih\ similarity lv • .Hqiluy ateuiiLri< m«u Kiispvciiir iii-t'r.cti*. ns ■uuitoaiy, while In

wiib vi-rv plastic e.\tei.i-«: l! au./leip, ti «• at df-t; :1.« »*xhibii ^ar-iely any '.liflvni2-;c\ In the satne



1. The Bivalve fauna of the Spiti shales exhibits in many respects a thorough­
ly special and individualised facies. Though I  have avoided adopting extreme 
criteria of specific differentiation, I  am nevertheless unable to point out a single 
species as truly identical with the fossils from other Jurassic regions, if we leave 
out of account several species of Astarte which may be identical with some Kaclih 
fossils. Some of the Spiti shales Bivalves are very peculiar and characteristic 
without any known representatives in other areas. This is particularly the case 
with the very remarkable new genus Cosmomya, which, so far, is not known any­
where else but in the Spiti shales; equally peculiar are Goniomya TJhligi whose 
peculiar ornamentation isolates it completely from all the other species of its genus, 
and also Aticella formosa and Area Egertoniana. The last named species seems 
indeed to have been observed in Somaliland, and latterly also in Arabia.1 W ith the 
exception of Cosmomya, all the Bivalves of the Spiti shales belong to wide-spread 
genera.

2. Regarding the faunistic relations o f the Spiti shales Bivalves with those of 
other regions, I  can express myself only with the greatest reserve. Some connec­
tion with the Jurassic fauna of Europe m ight be inferred from the rich develop­
ment of Aucellce whose nearest relatives are the Russian form s Auc. Bronni and 
Auc. Ballasi. A t the same time one o f the nearest allies of Auc. Bronni occurs in 
California (Auc. Erringtoni). The material gathered in Spiti does not afford any 
data of importance towards elucidating the question of the origin of the genus 
Aucella. It  seems to me that, at the present stage of our knowledge respecting 
this subject, all we can do is to look upon Aucella as an almost cosmopolitan genus 
whose original centre of diffusion has not yet been detected. No serious conclusions 
can be derived from  the resemblances of certain species of Nucula, Lima, Bleuro-  
mya, Homomya, with some of the Jurassic fossils of Europe.

The already mentioned occurrence of Area Egertoniana in Somaliland and 
Arabia indicates a connection until the Jurassic fauna o f Africa.

It w’ould be very interesting to elucidate the relationship between the fauna o f  
the Spiti shales and that of the Jurassic of Kaclih. Unfortunately the rich B ivalve- 
fauna of the Kaclih Jurassies is, as yet, very im perfectly known, though certain 
circumstances seem to suggest a close connection with that of the Spiti shales. 
Trigonia spitiensis from  the Spiti shales is closely related to sevei’al forms from  the 
Chari group of Kaclih, and several species of Astarte of the Spiti shales appear to be 
either identical with certain Kaclih fossils, or very closely related.

The Upper Jurassic fauna from the Sula Islands investigated by Boehm 
Pakeontograpkica, Supplement IV , 1st part, 1901 and 1907) has yielded very few 

Bivalves. These include the genera Inoceramus, Nucula, A n opm a (?), Mytilus and 
Lima. The genera Mytilus and Anopcea are not known from  the Spiti shales, 
while the Spiti representatives of Nucula and Lima are not identical with those 
from the Sula Archipelago. One of the species of Inoceramus from the Spiti shales, 
unfortunately in a very imperfect state of preservation, resembles I. sularum 

1 R'* Bv®c*toi3 ar.cl G. 0. Crick. Ann* avd Mag. Xat* Hist., ser. VTII, Vol. II, 1908, pp. 1-29



Boehm from  the Sula Islands, though it is not possible to say with certainty that 
the two forms are closely related. A ll the other Inocerami o f the Spiti shales 
differ considerably from those o f the Sula Islands.

THE BIVALVES.
The collections that have been placed at m y disposal include 37 species o f 

Bivalves distributed generically as fo llow s: Avioula, 1 species ; JPseudomonotw, 2 
species; Aucella, 3 distinct species and one doubtful o n e : Inoeermnm, 5 species; 
Lima, 4 species; Tec ten, 2 species; Nueula, 5 species ; Zeda, 2 species; Area, 1 
species; Trigoma, 1 species; Astarte, l-species ; Pleuromya, Cosmomya,Eomomya, 
Goniomya, JPholadomya and one undeterminable genus, each represented, by one 
species1

Salter and Strachey’s Palmontolo^v of N iti includes descriptions o f a certain 
number o f Bivalves, said to have been obtained from  the Jurassic beds o f N iti, but 
not represented amongst the Spiti collections sent to me. I t  is uncertain whether 
these species were obtained from  the Spiti shales or from  some older horizon. The 
collections are preserved in the British Museum and unfortunately I  have been 
unable to  gain access to them. As however it  is still quite possible that all these 
forms, or at least some o f them, may belong to the Spiti shales fauna, I  append a list 
o f their specific names :

Ostiea fiabelloides Deshv— Salter,
,, acutmnafa Sow.-* Salter. 

Avioula inesqmvaivis Sow.— Salter, 
Pecten contains Minister.—>Salter. 
Ost>ea bifrons Salter.

, rionilifer Salter.
,, cabal Salter
,, lens Sow.— Salter.

Pima acuta Stopp.?— Salter. 
Modiola sp.
Il licit la sp.
Gar Hum tmucaturn Sow.— Salter. 
Astarte or Myadtes ?
Cucullm leionota Salter.
Anaiina vag inula Salter.

G enus: A yictjla, Klein.

Avioula spiteensis, Oppel. Plate X C V II, fig. 1.
Avicula spiti tnsis Oppel, Pal. Mitt., 1 ,1862, p. 297, PI. 88, fig. 6, a, b.

This species is represented only by two poorly preserved internal easts o f the 
left valve, one o f w hich is Oppel*s original type from  the Schlagintweit collection, 
adhering to a specimen of Bimalayites Seideli Opp., while the other, about twice

The fossil described and figured below as Ostrea sp* probably does not belong to tie Spiti shales.



"the size of the type-specimen, but unfortunately in a very im perfect state of 
preservation, bears the la b e l: Lochambelkichak E .G ., 19th July 1892.

The outline of the shell cannot be made out from  either specimen. There are 
no distinct lines of growth. The oblique deflection of the shell towards the anal 
margin is very feebly indicated. In  its dorso-anal region it expands into an exten­
sive posterior ear, whose perfectly straight upper margin can be traced for a length 
of 6 mm. in  Oppel’s original specimen in  which the total height of the shell is 
about 12*5 mm. The small umbo regularly tapering in  a dorsal direction projects as 
far as 0*7 mm. beyond the upper margin of the posterior ear, but its termination 
is unfortunately concealed in  both specimens. The anterior ear is not preserved. 
In  a dorso-ventral and oro-an&i direction, the shell is moderately inflated and very 
evenly curved, the flat posterior ear being connected with the convex portion of the 
shell by means of a concave furrow directed obliquely from  the umbo towards the 
ventro-anal region.

The shell exhibits only radial ornamentation consisting of radiating ribs.which 
may either assume the shape of sharp keels (as in the original type-specimen), or 
beTess prom inent and bluntly rounded. The ribs are very strongly developed in  the 
marginal region, while they gradually become weaker towards the umbo, so that, on 
"the internal casts, in  the middle of the shell they disappear almost entirely at a 
distance of about 7 millimetres from  the umbo. The original type-specim en still 
carries a few remnants of the shell in  the neighbourhood o f the umbo, giving one the 
impression that, on the outer surface of the shell, the ribs reached still further in th at. 
direction. In  the convex portion of the shell, the ribs are not all of uniform size, 
but there is a very regular alternation of thicker and thinner ribs. The primary 
ribs constitute pronounced ridges distributed at approxim ately equal distances, the 
interval between two consecutive primary ribs being about 1*8 to 2 mm. at a distance 
o f 12 mm. from  the umbo. M id-way between two consecutive primary ribs, there 
.occurs a secondary rib which is not conspicuously, though always quite distinctly, 
less developed than the prim ary ones, and again in  all the interstices between the 
primary and secondary ribs, there are tertiary ribs, extremely narrow and delicate 
and only just perceptible to tbe naked eye. From the state of preservation of the 
available specimens, it  is unfortunately impossible to ascertain whether a similarly 
disposed radial ornamentation extended also to the posterior ear. In  the original 
•type-specimen, the posterior region of the subsisting portion o f the ear carries a few  
shell-fragments which show a number of fine radial ridges following one another 
at intervals of 0*5 mm., and all equally developed.

Horimn*— Upper Tithonian to Neocomian.

G enus: P sbtjdomonotis, Beyrich.

PSETTDOMONOMS inornata , n . sp. PI. X O Y II, figs. 2, 3.

This species is represented only by  four specimens embedded in  the usual 
.matrix o f the Spiti shales. The shell-substance has entirely disappeared with the



exception o f some insignificant remnants of the inner prism atic layer. In  every 
specim en the margins of the shell have been almost entirely destroyed. .T he lines- 
of growth which are visible on an isolated specimen o f the Schlagintweit collection 
indicate a moderate degree of obliquity for the left valve which possessed a broadly 
oval outline, its margin constituting a continuous curve. A  height o f IT millimetres 
corresponds with a breadth o f about 16 mm. The left valve appears considerably 
inflated and regularly rounded. The ears o f the left valve are not ^preserved on 
any specimen. The umbo o f the left valve is very strongly compressed in a dorso- 
ventral direction ; it is conspicuously incurved towards the median plane, its ventral 
margin being broadly and deeply excavated in  a medio-lateral direction, so that 
the apex o f the umbo, is very strikingly curved -downwards. (F ig. 2d)9. On 
approaching the apex, the dorsal- surface of the umbo is also directed downwards,., 
with a very steep slope which becomes even almost vertical at the extreme end of 
the umbo in one of the Ohidamu specimens, and it forms with the ventral margin 
of the umbo an angle of about 25°. The dorsal and ventral margins of the umbo 
meet in a slightly rounded edge. Seen from  above the um bo has the appearance o f  
an equilateral triangle. The size of the umbo varies.

There is only one im perfect fragm ent o f a right valve— from Ohidamu. 
Its ventral and anal regions are - unfortunately broken. "T he lines of 
growth are not visible^ The dorso-oral region assumes an exceptionally broad 
development, sc, that the pre-umbonal portion of the upper margin of the shell 
extends for a considerable distance in  an almost straight line, passing by a sharp 
curve into the anterior margin at a distance o f about 9 millimetres from 
the umbo. Apart from  insignificant inequalities, the right valve is absolutely flat, 
and it is only in the neighbourhood o f the umbo that a very shallow convexity 
can be seen. Looked at directly from above, the inner cast o f the small umbo o f 
the right valve has the shape of a sharply pointed three-sided pyramid, with three 
slightly rounded edges diverging from  the apex. The lateral surfaces of the umbo 
are almost-flat and slope steeply ventrally. The posterior marginal edge of the umbo 
runs obliquely iu an almost straight line towards the ventro-anal region ; it is 
developed as a distinct edge only in  the terminal region of the umbo, and, when 
followed towards the ventral region, assumes gradually the character of a shallow 
ridge which finally ceases to be appreciable at a distance of about 4 mm. from  the 
umbo. The anterior lateral edge of the umbo maintains its distinct angular character 
for a greater distance than the posterior one, from  which it diverges at an angle of 
about 45°. A long the continuation of its course it becomes more rounded and 
gradually bends round in an open and uniform  curve till it lies horizon­
tally. Up to its term ination (at 4r4 mm. from the umbo), it remains parallel to the 
upper margin o f the shell from  which it is separated by a shallow furrow about 
0*5 mm. wide.

I  he byssal region o f the right valve is exposed. The internal cast exhibits a 
remarkably broad concave byssal, notch whose dorsal lim it is constituted by the 
rectilinear longitudinal notch of the byssal. wing extending forward in a somewhat



•oblique direotiou. The byssal ear can be follow ed up to a distance of 2*5 mm. 
from  the apex o f the umbo. The byssal notch which shows a slight and gradual 
increase o f width in  an oral direction is 2*2 mm. broad in its forem ost portion.

The sculpture o f the internal cast can on ly  be made out in  the two left valves 
o f the Schlagintw eit collection. The available specim ens from  Ohidamu are 
obscured by an .unevenly distributed incrustation resulting from  the process of 
fossilisation, which conceals the sculpturing of the cast. O f the two internal casts 
o f the Schlagintweit collection, the one seems almost smooth, w hile the other bears, 
a very inconspicuous concentric ornam entation consisting of very slightly raised 
narrow folds o f somewhat variable breadth, distributed at irregular intervals and 
totally absent from  certain portions o f the cast. The same internal cast exhibits 
local indications of very fa in t crowded radial lines, but it is uncertain whether these 
are to be regarded as m erely accidental, or represent the rem nants of a radial orna­
mentation. M oreover, there appears to be no trace o f any ornam entation on the 
outer surf ace of the extrem ely thin sh ell; only in the um bonal region and the 
winged appendage does this attain any considerable thickness.

This form , when fu ll-grow n, attained truly remarkable dimensions : for instance, 
in one o f the left valves in  the Schlagintweit collection  of w hich the ventral margin 
is unfortunately entirely missing, the lowerm ost preserved portion of the shell, 
w hich does not by any means constitute its lower margin, is 34 millimetres distant 
from  the um bo.

Am ongst the m aterial to which I  have had access, Pseudomonotis inornata is 
represented by two specimens both  preserved in  the same piece o f rock bearing the
label : “  Chidamu E.Gr.”  Two more specimens occur in  the Schlagintweit collec­
tion. Figure 2, PI. X O Y II  represents one of the specimens from  Ohidamu, figure 
3, one o f those from  the Schlagintweit collection.

I t  is not possible to form  any clear notion regarding the relation o f this fossil to 
other know n Jurassic species ; the apparent com plete absence of any kind of orna­
m entation gives it a very isolated position amidst the representatives o f the genus, 
most of which are decorated w ith strong radial r ib s ; this peculiarity connects it 
w ith Pseudomonotis inops Stoliczka. (Cretaceous Fauna o f Southern India, Y ol. 
III,,p . 403, PI. X X X V II I , figs. 7, 8) from  the Arialur-group o f Southern India, 
which also lacks radial ornam entation.

Pseudomonotis amcena, nov. sp. PL X C Y II, fig. 4.

This species is represented only by  tw o internal casts, showing both valves 
united, but unfortunately very badly preserved, w ith their margins com pletely 
broken. They are labelled : “  M iddle Spiti shales, Chidamu, 17, Y I I I ” . This form  
differs from  Ps. inornata on ly  in  the feebler inflation o f the le ft valve and the 
smaller size and different disposition o f the um bo. The species evidently bear a 
close genetic relation to one another.



The left valve is very noticeably less convex than that of P «. inornata. The 
umbo o f th e . left valve is distinctly more delicate and smaller than in  the case o f 
JPs. inornata, As in  the latter species, it  is generally compressed in  a dorso- 
ventral direction and turned inwards, but the ventral outline of the umbo 
in  its terminal region, instead o f being excavated in  a medio-lateral direction 
as in  the case of JPs. inornata, is perfectly straight and horizontal, so that the 
apex of the umbo is not curved downwards but is turned horizontally inwards (see- 
fig. 4 c.) The dorsal and ventral outlines o f the um bo meet in  the apex at an 
angle of about 25°, the edge connecting the dorsal and ventral surfaces being 
bluntly angular. "When seen directly from  above, the outlines o f the oral and 
anal sides o f the umbo appear approxim ately rectilinear just as in the case of 
Ps, inornata> and converge towards the apex at an angle o f 50° to 60°.

The right valve agrees in  all essential points w ith that o f Pa. inornata : the- 
cast o f the umbo has the same shape as in that species, though its edges seem more- 
blunted, at least in one of the available specimens. The byssus-notch is particularly 
distinct in  the case of one of the casts of a right valve : its base has the 
shape o f a shallow curve, and it expands gradually in  an oral direction, so that at 
its anterior portion it reaches a width of 2 millimetres. The longitudinal notch o f 
the byssal ear can he detected up to a distance of about 2 '4> mm. from  the umbo, it 
appears quite straight aud is disposed obliquely in a dorso-oral direction.

In  every other character JPs. amceuo seems to agree w ith Ps. inornata. N o­
traces o f ornamentation can he discerned in  either of the specimens ; indeed the 
casts are coated with a film  which is locally silicified. Both specimens are only o f 
moderate size.

G enus: AtjceliiA, Keyserling.1

The. available material for studying this genus is fairly abundant and includes- 
a series o f specimens, all embedded in  the characteristic m atrix o f the Spiti 
shales. In  almost every instance the .shell substance has been entirely weather* 
ed away, or is represented only by some scanty traces o f the inner prismatic 
layer. The two valves are seldom preserved in contact with one another, most o f  
the specimens consisting of isolated valves, or else o f mere fragments ly ing in- 
various positions within the m atrix.

The available material is easily sorted out into four perfectly distinct species,, 
of which A w , legvminosa Stol. and A w , spitiensis H oldh. are related to A w . 
Bronni Bouilh, from  which however they are perfectly distinct, w hile A ug. Blan-  

fordiana Stol. is closely related to Auc. Pollasi K eys. W hether Aucella formosa

1 See particularly : J. Lahusen, Ueber die russiscien Aucellon, Mem. Com. GeoL St* Peterebowg* 8,1888, No, 1,. 
3. JF. Pompeclrj, TTeber Ancellenim fiaukisctien Jura, N, Jahrh.f, Min. 1901, Yol I,p* 18,
J. Poxapectj, TJeber Aucellen und Auoellen-atuiliche Poimen, N. Jahrbuahf, Min., Supph Yol. ZIY, p- 319* 
D. Sokolow, Aucellen Yom Timan und von Spitsbergen, Mim* Com. Giol. St, Peterebourg, Ncuy. ear* Km 36> 

(1908),



H oldb. really belongs to this genus is somewhat uncertain. W e have, unfortunately, 
no inform ation regarding the vertical distribution o f the several species throughout 
the Spit! -shales. Judging from the analogy of the Russian occurrences, where a 
considerable vertical interval separates Auc. Bronni from  its derivative A ug. 
Pallusi, w e.m ay reasonably conjecture that A ug. legummosa, spitiensis and Blan- 

fordicma dp not occur associated in  the Spiti shales but are separated by vertical 
intervals. A ug. legummosa and Aug. Blanfordiana probably represent respectively 
the oldest and newest term o f a series o f m utations, whose developm ental tendencies 
exhibit the closest analogy with those expressing derivation of Auc. JPaliasi 
from  A ug. Bronni (obliteration o f the radial ornam entation, concentric 
rippling o f the shelly layer, involution o f the umbo in  the le ft valve, -flattening: o f 
the right valve). The direct genetic relationship between A ug. legummosa, . A ug.

. spiliensis and Auc. Blanfordiana is perfectly plausible, though the material so fa r 
available does not include any passage form s between the three separate types. . The 
fact that in every instance the available specimens o f A ug. spiliensis and Auo. 
Blanfordiana were obtained from  different localities strongly favours the notion, 
that they belong to separate stratigrapbical zones.

The study o f the Spiti fauna has not furnished any fresh data to 
elucidate the problem  o f the origin of the genus Aucella. Apart from  its occur­
rence in Europe and in the northern regions, and in the Him alaya, the genus has 
already been met with in  California, in  M exico (numerous species), in Brazil and 
in New Zealand.1 In  the face o f such a wide-spread distribution, it does not seem 
admissible to regard Aucella as an essentially northern element, nor is it  possible 
to discuss the original foeus o f diffusion o f the genus. W ith  regard to  its represen­
tatives in  the Spiti shales, we must expressly em phasize the fact that they are not 
identical w ith the species o f any other Jurassic region.

The abundance of individuals of Aucella in  the Spiti shales and the varied 
specific development o f the genus itself indicate that these organisms must have 
constituted an im portant element in the fauna of the Spiti ocean.

The materials for the study o f Aucella so far obtained from  the Spiti shales 
must be regarded as totally insufficient. The collection of fresh material w ith an 
exact record of the vertical distribution of tbe various form s is greatly to be 
desired.

A tjcella leoum inosa, Stoliczka. PI. X C V II, fig. 5.

Aucella leguminoza Stoliczka. Mem. Geol. Surv.lnd*> Yol. V, 1866,p 88, H. T ill, fig, 8.

Stoliczka’s original specimen of Aucella legiwtinosa differs in  m any particulars 
from all the other Aucellse o f the Spiti shales and must be taken as tbe type o f a

Aucella plicata Pitt., Keise der cesteneich. Pregatte Novara um die Erde, Geolog. Theil, I Bd., 2, abteil, p« 32. 
Taf. VIII, fig. 4. This species, of which Ihaire seen the types, is a tine Amelia, yery closely allied to Auc♦ 
JPallazi and Auc. Blanfordima.



separate species. The shell is considerably elongated in an oro-anal direction, its 
length being 40 mm. while the maximum breadth is only 19 mm. It is also ex­
ceptionally oblique, even move so than Auc. JBronni BouiH  In  lateral outline 
the left valve appears approximately rectangular, Owing to the truncated appear­
ance of the anterior part of the shell which throughout its entire breadth is rounded 
in a transverse direction. The dorso-anal margin, which, unfortunately, is only 
partly preserved, appears almost straight, its curvature, as in the case o f A ug. 
Bronm, being probably very feeble. A t its posterior extrem ity it  is connected 
by a gradual curve with the terminal margin exhibiting a strong regular'Con­
vexity, and curving gradually into the ventral margin, a considerable portion 
of which runs parallel to the dorso-anal margin. The ears o f the left valve are 
unfortunately not preserved. The anterior half of the shell, especially near the 
umbo, is strongly and approximately regularly inflated, both longitudinally and 
transversely ; distally it becomes gradually flattened. At about the anterior 
third of the shell, one notices in the ventro-oral half o f the valve, an extremely 
shallow broad depression which is directed somewhat obliquely from  the margin 
towards the umbo, but ceases to be perceptible before reaching the crest line.1 The 
umbo is o f moderate size, short, regularly conical, pointed, the apex bluntly 
rounded. I t  is deflected inwards and when examined from  above exhibits only a 
very slight degree o f anterior obliquity. Its ventral surface is practically horizontal. 
at the terminal portion of the umbo, so that the umbo even at its apex does not show 
any trace of involution.

The right valve fits in to the margin o f the left valve and appears broadly 
expanded in its dorsal region. The terminal portion of the umbo and the ear are 
unfortunately concealed. In  the byssal region the shell exhibits a narrow marginal 
zone curved inwardly, disposed obliquely in a medio-dorsal direction, and doubtless 
running into the base o f the byssal fold. The right valve appears very strongly 
inflated in  a transverse direction, especially in the proximal part o f the shell. The 
situation of this zone of greatest convexity in the proxim al part of the shell 
strongly differentiates Aucella legmmnosa from all the other species of the Spiti 
shales and from  Aucella JBronni and its European derivatives : instead of being 
situated along the longitudinal axis which passes through the umbo, it lies 
between the longitudinal axis and the ventro-oral margin. The region of the 
byssal fold and o f the umbo itself is situated therefore on the almost plane dorsally 
sloping declivity o f the shell. Distally the zone of greatest convexity gradually 
converges with the longitudinal axis.

The shell is very thin and its ornamentation can be clearly made out, especially 
on the left valve. The left valve is covered with extrem ely delicate, slightly wavy 
concentric lines, very slightly though very sharply raised, following one another 
at very close though somewhat variable intervals. The maximum distance

1 According to Sokolov, tins is defined as an imaginary line drawn alongthe lateral surface of the valve, and 
intersecting each successive line of growth at the pint where it is farthest distant from the sagittal plane of the 
-ehell.



observed between two successive concentric lines is 0*9 mm., the average in  tbe 
middle of tbe left valve being about 0*5 mm,; there are, however, some parts o f 
the shell where the lines become m uch more crowded, followed by regions where 
they gradually die out, or become blended together. The shell substance has not 
been preserved in  the immediate neighbourhood o f the umbo, so that the concentric 
lines are first observed at 11 mm. from the apex, and are already distributed at the 
same intervals as in  the distal portion of the shell. In  addition to the concentric 
ornamentation one can distinguish upon both valves a system of exceedingly 
delicate radial lines separated by nancow intervals, and causing an undulation o f the 
concentric lines at their points of intersection. In  places where the radial orna­
mentation ceases, the concentric lines still exhibit locally a slightly contorted, 
disposition, but only in a very irregular manner. In  the left valve the radial 
ornamentation is distinctly developed only in  the dorso-anal portion of the shell 
and can be detected up to within 11 millimetres of the termination of the ymbo ; 
nearer the -umbo the preservation of the shell is unfortunately defective. The- 
individual radial lines exhibit a downward directed convexity, and scarcely show 
any distinct thickening in a distal direction, while at a distance of 30 mm. from the 
umbo they completely disappear. The ventro-oial half o f the shell scarcely shows any 
traces of radial ornamentation. The right valve was probably ornamented in  the- 
same way as the left one. Peeble concentric lines can only be detected at a single 
point in the neighbourhood of the terminal margin, but the radial ornamentation 
is perfectly distinct at about the middle of the valve and can be followed from  there 
up to a distance of about 5 mm. from  the umbo. This radial ornamentation spreads . 
even on to the ca st: at one place where the shell has been completely removed it  
is observed in  the shape o f perfectly distinct, extremely shallow radial stripes o f  
feeble width (4 or 5 stripes to an interval of 1*7 mm.), while the coucentric orna­
mentation, at that same place, only appears in  the shape of a few extremely 
shallow folds of feeble width.

In  addition to the above described delicate ornamentation, tbe left valve also 
exhibits in its ventro-oral portion, two broad, shallow concentric depressions, 
following each other at a moderate distance. They commence in the anterior part' 
o f the shell at a moderate distance from the umbo and follow  the concentric lines 
in their posterior course, disappearing completely in  the region of the terminal 
curvature of the concentric ornaments. The right valve is diversified in its pos­
terior half by a few  inconspicuous, very shallow rather irregular concentric depres­
sions, of varying width (1*8 to 3*5 m m .).

The solitary specimen is from  Kibber.
Aucella, legumimw differs from Auc. JBrormi, owing to the still more pronounc­

ed obliquity and distinctly more slender build of its shell, the greater convexity and 
differently constituted umbonal portion of the left valve, the differently distributed 
convexity of the right valve, the distinctly finer concentric ornamentation, and the 
conspicuous development of broad concentric depressions in the ventro-oral region. 
Trom Auc. spitiensis and A ug Blanfordima it differs principally by its greater



obliquity, the development of a radial ornamentation, and the differently distributed, 
convexity o f the right valve.

The form, described by Sokolow as .Aug. JBronni var. legummosa (Sokolov, 
Aticellen von Timan und von Spitzbergen, Mem. Gom. Geol. St. Petersbom^g, Nouv. 
•ser., livr. 36, pp. 8 and 27, PL I, fig , 4) is totally different from  the true A ug. 
legummosa as may readily be verified by comparing th e illustrations.

AttceliiA spitzensis, nov. sp. _PL X 6Y 1 I, figs. 7-13.
Under this name I  have included a whole series of specimens which in many 

respects are intermediate between Aug. leguminosa and A ug. JBlanfordiana. They 
are distinguished from  A ug. leguminosa ovying to their larger size, feebler obliquity, 
different shape and convexity especially in  the right valve, and a totally different 
ornamentation. Prom  Aug. JBlanfordiana they differ by their distinctly greater 
obliquity, the different shape of the um bo'in the left valve, the occurrence of broad 
concentric depressions in both valves, and perhaps certain differences in the orna­
m entation.

AuGella spitiensis when fu ll grown, attains a considerable size : the largest 
available specimen is 70 mm. long, with a maximum estimated breadth of about 
35 mm., w hile other specimens are nearly as large. The obliquity o f the shell is 
approximately the same as in  the case of A ug. JBromi Rouill. A s in the case of 
A ug. JBronni the left valve exhibits a more or less pronounced elongate rectangular 
outline, the anterior portion of the shell appearing somewhat transversely truncated 
with a moderately pronounced, irregular convexity, while the oro-ventral margin 
remains practically rectilinear for a considerable distance, and runs almost parallel 
to the very feebly convex dorso-anal margin. The terminal margin exhibits a 
strongly convex outline, the convexity being somewhat more abrupt in  its dorsal 
than in its inferior portion ; it  is connected by a gradual curve both with the 
oro-ventral and dorso-anal margins. The left valve is strongly convex in  its 
proximal portion, the convexity being regular in some specimens, irregular in others. 
Towards its posterior extrem ity the left valve becomes gradually flatter, so that in 
full-grown specimens the terminal portion appears almost plane or only very slight­
ly  convex transversely. The blunt umbo is usually short, massive, broadly rounded 
at its extrem ity; it is horizontally directed somewhat obliquely inwards and 
forward, its ventral surface reaching the apex in  an approxim ately horizontal direc­
tion, The umbo is o f variable size. O f special interest is the constitution o f the 
umbo in an immature specimen from  Ohidamu (fig. 11) ; the inner cast of the 
umbo is m uch compressed in a dorso-ventral direction, and, when viewed sideways, 
it  exhibits the shape o f a very sharp point in  which the dorsal and ventral outlines 
o f the umbo meet at an angle o f about 30°. W hen viewed directly from  above, the 
umbo of this specimen exhibits fhe shape o f an obtuse triangle the apex o f which is 
bluntly rounded. . Nevertheless, this abnorm al appearance of the umbo is. to be 
regarded only as an individual variation. M ost o f the available specimens o f the



le ft m lve. exhibit a very shallow, broad, transversal depression, w ith ifi-defined 
boundaries, situated in  the anterior -part o f the ventro-oral half o f the sh e ll; it com ­
mences at the anterior third, or nearer the middle o f the rectilinear portion o f the 
ventro-oral margin and extends towards the umbo- along the low er part of th e shell. 
It  is completely absent from  the variety. spltiemis superba in  consequence o f 
the exceptional shape o f the shell, but it  is at least discernible in  all other form s o f 
the species. In  those specimens of A ug. spitiensis f. typ ., w hich exhibit an excep­
tionally distinct developm ent o f this feature, for instance in  the specimen from  Jandu, 
Sherik river, illustrated, in  fig. 10, the depression reaches, w ith a gradual attenuation, 
as far-as the “ crest-line”  ; in . other instances it ceases to be perceptible before reach­
ing the “ crest-line” , or may even4 he restricted to the marginal poA ion  of the shell

The right valve is represented only by a small number o f casts. I t  fits into, the 
outline of the left valve, and is-more or less broadly or narrowly" obliquely oval. 

.Transversely it  is very feebly and regularly convex, longitudinally almost plane. 
The only specimens in  w hich it  is distinctly and irregularly convex both in a 
longitudinal and transverse direction are those which I  have selected as types o f 
the varieties A ug, spiiiensis externa and A ug. spitiensis mperba. In  contradistinc­
tion to what is observed in the case of A ug. legummom, the zone of greatest con­
vexity actually corresponds w ith the longitudinal axis passing through the umho. 
The umbo of the right valve has been preserved as an internal cast only in one 
single specimen1; it  has the shape o f a shallow, feeble projection with a blunt, 
rounded term ination, its apex being situated very slightly, though distinctly lower 
than the portion o f the upper shell m argin situated behind the umho. The same 
specimen exhibits the byssal notch and the longitudinal slit of the byssal ear - (fig. 9 ) 
and thereby closely recalls the cast o f a right valve from  N ovaya Zem lya illustrated 
by Pom peckj, in  2Sf. Jahrb.f. Min., Suppl. V ol. X IV , p. 326.

Alm ost a ll the available specimens are in  the condition o f internal casts and 
do not show any trace of radial sculpture, but only concentric ornaments, which in  
most specimens assume the shape o f extrem ely flat, rounded or slightly roof-shaped 
folds, separated from one another by  intervals o f varying width. The average 
interval between successive folds along the “ crest-line”  o f the shell is about 2 m m., 
and is apt to  increase towards the distal part of the shell. Near the umbo, the folds 
are not closer together, hut rather wider-spaced than in  the distally immediately 
follow ing part o f the shell. In  one specim en of a left valve in the Schlagintweit 
collection at M unich, also in  the condition of an internal cast, the concentric folds 
sssume the character o f very slightly raised lines, which, in  the ventro-oral part o f 
the shell, at a distance of 30 hnm. from  the umho, follow  one another at intervals o f 
0*8 to 1*6 mm. Close to the umho they give place, to  folds o f normal character. In  
exceptional cases the ornamentation o f the cast becomes reduced to a few  indistinct 
concentric folds, and there are more or less extensive portions of the surface of the 
cast devoid o f a ll ornam entation.

1 T̂ ?s xight valve occurs in the same piece of rock as the left valve with an exceptionally small and pointed 
umho that has already been alluded to (fig, Zl).



In order to form  some idea of the appearance of the outer surface of the shell* 
we can dispose of only very scanty material, as there are very few specimens in 
Which any trace of the shelly layer has been preserved. The few  remnants of shell 
substance exhibit exclusively concentric ornaments in the shape of moderately 
raised fillet-shaped lines corresponding with the concentric folds of the internal cast. 
1 he concentric lines never show any trace.of the waviness that characterises A ug. 
leguminosa.

A particularly characteristic feature of Aug. spitiensis is the occurrence of 
shallow concentric depressions of varying breadth (the maximum breadth reaching 
3 to 7 m m.), which become especially distinct as they recede from the umbo. On 
the right valve these concentric depressions are usually less pronounced or totally 
absent. The left valve usually exhibits only one depression of this hind ; some­
times there may be two or even three, following one another at moderate intervals ; 
they are seldom totally wanting or indistinct in the case o f the left valve.

W ithin the limits o f Aucella spitiensis there are a number of forms which 
can he distinguished from one another by various peculiarities in their outward 
appearance, and which are not connected by intermediate gradations. They m ight 
just as well, therefore, have been regarded as separate species, and, if I  have inclu­
ded them all under the collective appellation of A ug. spitiensis it is to conform 
myself to the broad conception o f species which, after the example of Lahusen 
and Pom peckj, it is usual to adopt in the case of the genus AuceVa. Moreover, 
it seems to me most probable that in spite of differences in  their outward shape, 
all the forms here united under the name o f Amelia spitiensis really represent 
synchronous variations of a single species.

The localities at which the various specimens were obtained are respectively 
mentioned under the heading of each separate variety.

A ttcella spitiensis form, typ, PI. X G Y II, figs. 8-11.

The m ajority of the specimens belong to this form , the full-grown specimens 
of which are characterised by the slender or moderately broad, elongate shape o f  
the shell, its relatively small size, and also the feeble development^of the umbo 
in the left valve and the feeble, regular convexity of the right valve. The largest 
of the sped nens which I  have referred to this form (fig. 8) belongs to the Schla- 
gintweit collection at Munich ; its length is 55 mm., with a maximum breadth of 
30 mm. Other specimens are decidedly smaller. The left umbo is always feebly 
developed, and in  one specimen from  Ohidamu (fig. I I ) , its cast is produced into 
a sharp point. The right valve is transversely very feebly and regularly arched, 
longitudinally almost flat.

The specimens are from the follow ing localities ; Ohidamu, Jandu E. G.^ 
Hundes.



A ttcella spitiensis Extensa, nov. form. PL X C  V II,. fig. 12.

One of the rock fragments from Chidamu contains two separate valves appar­
ently belonging to one individual, and differing from  tbe typical form  of Auc* 
spitiensis in several noteworthy particulars. The left valve is extraordinarily 
elongated, considerably and irregularly convex transversely, with a remarkably 
-deep concentric depression which is very pronounced along its entire extent, from 
its origin at the anterior margin of the shell up to its termination in the dorsal 
margin. The feeble umbo o f the left valve is extraordinarily short and scarcely 
produced inward. The structure of the right valve, whose umbo is unfortunately 
not preserved, is particularly remarkable. Conformably to the elongated shape 
-of the left valve, the right valve also exhibits a greatly elongated shape 
and feeble width. Its oldest portion near the umbo is almost flat in every direction 
and is connected outwards by means o f a blunt rounded edge with a steep and, 
almost rectilinear marginal zone. The flat median portion has a length of 30 mm. 
and a maximum breadth of about 15 mm. The declivous marginal zone , is 
very steep in the ventro-oral part of the shell where it slopes at an angle of 
about 75°, but gradually loses in steepness while it  increases in breadth towards 
the terminal part of the shell where the angle of slope becomes about 30°. 
The gradual decrease of the slope is not perfectly regular owing to the interference 
caused by two shallow concentric depressions which run into the declivous marginal 
zone.

This form  is distinguished from  A ug. spitiensis f. typ. owing to its elongated 
shape, the remarkable shortening of the umbo in both valves, and especially the aber­
rant distribution o f relief in  the right valve. Nevertheless it should be regarded, in 
all probability, as merely an individual freak.

ArcELLA spitiensis gkandis, nov. form. PI. X C V H , fig. 7.
A large fragment of rock from  Chiciamu includes a number of specimens all of 

which are remarkable for their considerable dimensions. The left valve illustrated 
in fig. 7 has a length of 70 mm. with a maximum breadth estimated at about 35 mm. 
The umbo is bluntly rounded at its extremity and is noticeably larger and thicker 
than in the case of A uc. spitiensis, and is strongly drawn inward. The concentric 
depressions are feebly developed and are distinct only in th e ' ventro-oral section of 
their course. • W e do not possess any well-preserved specimens of the right valve. 
The unusual size and the powerful umbo distinguish Auc. spitiensis grandis from 
both the foregoing varieties.

A ttcella spitiensis sttpekba, nov. form. PI. XOVTI, fig. 13.
Monotis concentrica Salter in Strachey’s Pal. of Niti, p. 91, PI. 22, fig. 4; non H. P. Blanford, Jo urn. 

As. Soc. Bengal, Vol. 32,1863, p. 136, PI. IV, figs. 6. 7.
This remarkable fossil which diverges widely from  the typical form of A ug. 

spitiensis is represented by a single specimen from  N iti which is preserved in the



British Museum, and which Salter described and figured as Monotis concentrica- 
Blanf. This form is allied to Auc. spitiensis by the absence of involution in the 
umbo, the occurrence o f deep concentric depressions in both valves, the distribution 
o f relief in the right valve, which latter character discloses a close analogy to Auc. 
spitiensis extensa, from  which it differs, however, as it does from  every other form 
o f Auc. spitiensis owing to its exceptional breadth (82 mm.) and reduced length 
(47 mm.) which, together with its feeble obliquity, combine to produce a very 
characteristic outline. The slight degree of obliquity recalls Auc. Blanfordiana. 
Close to the umbo, in the right valve, one observes an almost flat region, 28 mm. broad 
and 20 mm. long ; this flat area is bounded on all sides by a rounded edge leading to 
an outwardly sloping marginal portion diversified with several concentric depres­
sions.

The exceptional breadth of the shell recalls Auc. Bronni lata Trautsch.
The above description is from a plaster cast from  which the illustrations, 

fig. 18, have also been drawn.

A u c e l ia  B l a k e o h d ia n a , Stoliczka. PL X C V III, figs. 1-9.

Monotis coTicentricct H. F. Blanford, Journ. As. Soc. Bengal. Yol. 32, 1863, p. 136, PI. IV, fig*. 6,7 ; non 
Salter, Strachey, Pal. • »f Niti, p. 91, PL 22, fig. 1 ; nec Aucelia ooncentrica Fis?h., Keys. Reis 
Petschora-Land, p. 300.

A'tcella Blar fordiana Stoliczka, Mem. &eol. Sure. I n d Yol. V, 1866, id. 88.

Aucelia Blanfordiana is distinguished from Aucelia spitiensis owing to its much 
less pronounced obliquity, ihe difference in shape and relief of its left valve, the con­
stant involution o f its left umbo, and generally a slightly different type of orna­
mentation, so that its general appearance is very distinct. The largest available 
specimen, unfortunately in  an incomplete state of preservation, consists of a left 
valve from Jandu, Sherik river, with a maximum breadth of 33 mm. and an estima­
ted length o f about 60 mm. A ll the other specimens are much smaller.

The shell displays about the same degree of obliquity as in the case of Aucelia 
Ballasi Keys. The left valve exhibits a rather wide range of variation in its shape 
and relief. W hen the shell is viewed laterally, the anterior truncation instead of 
being irregularly and feebly convex and approximately transverse as in the case of 
Auc. spitiensis is very distinctly oblique. The breadth varies considerably. In 
the case of full-grown specimens, the dorso-anal and oro-ventral margins remain 
approximately parallel throughout a considerable extent, and are connected by the 
terminal margin which is usually very regularly convex.

The left valve is strongly convex both in a longitudinal and especially in a 
transverse direction, becom ing more flattened out towards the terminal region. 
Even in the umbonal region the convexity remains almost always regular and con­
tinuous, in  a manner quite different from  what is observed in Auc. spitiensis. Very 
seldom do we come across specimens with a discontinuous convexity, such as the one 
illustrated in fig. 5. The umbo is always large. It is strongly deflected inwards. 
I s  ventral surface always appears deeoly excavated when viewed in a medio-lateral



-direction so that the apex o f the umbo appears greatly curved downwards. Usually 
the shape of the umbo is relatively slender, though it m ay occasionally appear short 
and obtuse. The umbonal ears are not preservod in  any of the available left valves.

The right valve exhibits a broad curvature in  its dorso-oral portion ; it is nearly 
■^at longitudinally, feebly and regularly convex transversely, the region of highest 
relief corresponding with the longitudinal axis that runs through the umbo. The 
umbo is inconspicuous and scarcely projecting; none o f the specimens show it in a 
satisfactory state o f preservation. The impression of the byssal-notch is visible upon 
a few immature specimens of the right valve, where it constitutes a moderately deep 
rectilinear groove disposed almost horizontally, gradually widening in  an oral direc­
tion, and somewhat deflected upwards close to the umbo. Its upper margin is 
limited by a low  coil-shaped fillet, corresponding to the byssal ear and gradually 
disappearing towards the umbo.

The ornamentation o f the internal casts consists exclusively o f concentric 
ornaments in  the form of very shallow folds o f varying relief either roof-shaped or 
more or less rounded, distributed at variable intervals. These folds are sometimes 
disposed at'regular intervals in  series o f perfectly equal relief, or else stronger and 
weaker folds may alternate irregularly. About the middle of the shell the distance 
between two consecutive folds varies on different specimens from  0'7 to 2*3 mm.; 
they are more crowded near the umbo, than at the posterior part o f the shell. In  
certain specimens where the folds are remarkably equal in  size, and where they follow  
one another at very regular intervals o f about 2 mm., the type o f ornamentation 
becomes very similar to that o f Auc. Fallasi Lab. Sometimes the concentric orna­
mentation of the casts becomes so scanty that they become almost smooth or only 
bear the merest traces of concentric decoration. Radial ornamentation is always 
wanting. The ornamentation of the shelly layer consists of prominent slender 
lamellse, either sharply keel-shaped or more or less obtusely roof-shaped (fig. 9). 
The ornamentation of the right valve is distinctly more delicate and shallower than 
that of jthe left valve. There is a complete absence of concentric depressions such as 
characterise Auc. legwmmsa and A ug. spitiensis: the only exception is in the case 
of an unusually large specimen from  Jandu, Sherik river, illustrated in  fig. 3, with 
a broad umbo which seems but slightly involute suggesting a tendency towards A ug. 
spitiensis.

Auc. Blanfotxliana, exhibits a considerable range of variation as regards general 
shape, structure o f the umbo, and ornamentation. Unfortunately the material at 
my disposal is so poorly preserved, that I  find it impossible to describe concisely the 
lim its of the several forms, and to divide the species into varieties.

One rock fragment from  Jandu, Sherik river, contains a whole brood o f young 
individuals o f Aucella B lan ford iam one o f these small specimens is illustrated in 
fig. 2.

I  have identified Auc. JBlmfordima amongst specimens from  the follow ing 
localities: Jandu, Sherik R iver (fig. 6) ; Jobber (fig. 1 ) ; Sirkia, south Hundes

1 This same rock fragment contains specimens of Oppelia {Sb-eUites) pygmaa TJhlig.



{figs. 5, 7) ; N iti Pass, N , Kum aon (fig. 9) . A  few  specimens (figs. 4, 8) are of un­
known origin.

Amongst species o f A n  cell a from  the Jurassic of Europe, the one most closely- 
related. to Av<). Blcmfordiana is A ug. JPallasi Keys.; both species agree in  all essen­
tial characters, such as the'involution  of the left umbo, the degree o f obliquity of 
the shell, the great flatness of the right valve, and I  find it impossible, for the present 
to establish any criteria that will in all instances clearly distinguish the two species. 
A ug. Blnnfor diunci is not closely related to any of the descendants o f A ug. JPaUasi 
such as A ug. mosquemis Bucli., trigonoides Lah., Fischerian«  d’Qr^., pjjfgensis 
Lab., etc., and other later species.

A ttcella ? Formosa, nov. sp. PI. K C V II, fig. 6.

This problematic species is represented by two isolated valves preserved as 
internal casts in  a fragm ent of rock bearing the label,: u Upper Spiti-shales (Etage 
III ) Locham belkichak E  $•:, 19th July 1892.’ ’ The rock containing the two 
specimens is one o f the characteristic concretions from  the upper Spiti shales. 
The isolated left valve is o f small dimensions, 13 mm. in  length by 9 mm. maximum 
breadth; its obliquity is about that of A ug. JPallasi. The convexity near the umbo 
is only moderately pronounced both longitudinally and transversely, and the shell 
flattens out com pletely towards its margins. The crest o f the convexity follows a 
line extending obliquely from  the umbo to about the middle of the terminal margin 
With a slight convexity turned towards the oral m argin. The umbo whose state of 
preservation is unfortunately not perfect is of very small s ize : its breadth at the 
level of the posterior ear is 2*2 mm., and it projects beyond the upper margin of the 
posterior ear by 0 ‘9 mm. only. In  the first third of its course, counting from  the dorsal 
side, the oro-ventral m argin exhibits a pronounced and regular convexity which 
gradually becomes lost towards the terminal part of its course where it becomes almost 
rectilinear. I t  is connected by an easy curve with the moderately convex terminal 
margin which, in  its turn, is joined by a shallow curve with the dorso-anal margin. 
The maximum breadth o f the shell is situated at about the posterior fourth of its total 
length. The pre-umbonal part of the dorsal margin is unfortunately not visible, 
but the post-umbonal portion exhibits the impression o f a strongly developed 
posterior ear almost fiat throughout its entire course connected with the shallow 
declivity of the convex part of the shell, by means of a very open re-entering 
angle. The ear assumes the shape o f a very depressed oblique triangle, at the apex 
-of which the short, nearly rectilinear and almost horizontal upper m argin connects 
with the equally rectilinear posterior margin of the shell at an angle o f about 140°. 
The almost rectilinear re-entering edge which bounds the ear along the convex part 
o f the shell, can be followed in  a ventral direction up to a distance of about 5 mm. 
from  the dp ex, when it coalesces w ith the posterior margin o f the ear at a very 
sharp angle, •



The successive accretions are very delicately indicated on the cast where they 
give rise to a succession of exceedingly shallow concentric furrows of varying width. 
W ith a suitable illumination one can also detect in the anterior and central portions 
o f the cast, a radial ornamentation consisting of excessively delicate, extremely 
shallow linear grooves.

The right valve is represented by one specimen o f an internal cast of an imma­
ture individual. Unfortunately the umbonal region .is not visible. The breadth is 
5 mm., the estimated length about 6 mm. The shape is obliquely oval. Dorso- 
ventrally the cast appears almost plane, while in an oro-anal direction, especially 
near the umbo, it is relatively convex, the convexity gradually fading awray with in­
creasing distance from the umbo. The cast exhibits no other ornaments but a feeble 
growth-striation similar to that of the left valve.

The exceptionally small size of this shell, the remarkably small size of the left 
umbo, and the shallow convexity of the left valve, all tend to remove it somewhat 
from the typical members of the genus Aucella, to which I  am nevertheless inclined 
to refer it. Unfortunately it is impossible to obtain certainty on this point because 
the byssal region of the right valve is not visible.

G enus: I n o c e r a m u s , Sowerby.

The genus Inoceramus is represented in the Spiti shales br five species. Three 
of these, In. Everesti Opp., In. gracilis Holdh., and In. Stoliczkai Holdh., occur 
exclusively in the black siliceous rock of the true Spiti shales. Two more very 
large, flat species occur in the Belemnite-beds. Unfortunately these two forms, 
which are hereafter described as Inoceramus sp. and In. conf. sularum Boehm, are 
very badly preserved. The last-named closely recalls the fossil from the Upper 
Jurassie (Oxfordian) of Taliabu island, described by Boehm as In. sularum, but 
considering its bad state of preservation, w e are not justified in drawing any rigor­
ous conclusions from  its general appearance of sim ilarity.. The three forms from 
the true Spiti shales, In. Ereresti, gracilis and Stoliczkai are not closely related to 
any of those described by Boehm from  the Upper Jurassic strata of the Sula islands 
(G. Boehm, Behrage zur Geologie von Niederlandisch-I dien, pt. 1, pp. 67 ff.)

I n o ceram u s  E v e r e s t i, Oppeh PI. X C V III, figs. 12-14.
Inoceramus sp. Everest, As. 'ResearchYol. XVIII, pt. 2, PI. IT, fig. 29, 1863.
Inoceramus J&veresti Oppel, Pal. Mitt* Vol. I, 1862, p. 298.
? Inoceramus Eoolceri Salt. 1865, in Stracli. Pal. of Nitl, p. 95, PI. 23, fig. 1.
? Inoceramus SooTceri var. cvenatulimis Salt. 1. c, p. 95, PI. 23, fig. 2.
Inoceramus HooTcew StoliczlLa, Mem G-eol. Surv, Ind. Vol. Y, p. 89, I860.

This species is represented by a number of specimens exclusively in  the condi­
tion o f internal casts. Both valves seem to be perfectly identical. They are very 
unsymmetrical, only slightly oblique, and greatly elongated ventrally, so that the 
height of the shell greatly exceeds its length. The anterior margin exhibits a more
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or less regular shallow convexity and passes gradually, without any clear line o f 
demarcation, into the strong convexity of the ventral margin, which, in its anal 
portion, is joined on to the anal margin by means of a gentle, continuous curve. 
The anal margin is quite rectilinear throughout a considerable extent of its course, 
the same disposition being reflected in the successive concentric ridges : for instance, 
one of the ridges whose maximum distance from  the umbo is 34 mm. appears almost 
rectilinear in its dorso-anal portion for a length of 14 mm. Another ridge whose 
maximum distance from the umbo is 70 mm. has a rectilinear dorso-anal stretch of 
about 30 mm. The anal and dorsal margins converge at an angle of about 135°. 
In  young specimens, however, the angle seems distinctly less. The upper margin is 
quite straight and carries ligamental pits throughout its whole length; in a specimen 
tv hose total height is 35 mm., the upper margin extends up to 15 mm. from the 
umbo. A  large specimen from  Lochambelkichak (fig. 12) exhibits clearly preserved 
ligamental pits which, in the middle of the ligamental margin, attain a length of 
1'5 mm., and are separated from  one another by intervals of 1*4 mm. .The liga­
mental margin corresponds entirely with the level portion of the dorso-anal region.

The umbo is unfortunately badly preserved. I f  is situated in the anterior part 
of the shell. Near the umbo the shell is strongly convex both in a dorso-ventral 
and oro-anal directiou. Ventrally the convexity decreases so that the ventral region 
is almost plane in a dorso-ventral direction and only slightly and regularly convex 
in an oro-anal direction. The “  crest-line ”  follows a very steep course in a ventro- 
anal direction; conformably with the anterior position o f the. umbo, it comes very 
close to the anterior margin, especially in the dorsal region; ventrally the distance 
between the “  crest-line ”  and the anterior margin gradually widens so that in full- 
grown specimens the “  crest-line ”  comes to be situated near the middle of the shell 
in its lowest portion. The “  crest-line ”  and the ligamental margin converge at an 
angle of about 60°. On the oral side o f the “  crest-line ”  the. dorsal part of the 
shell slopes inward with a continuous curvature o f increasing steepness so that its 
most anterior portion in the umbonal part of the shell lies nearly or completely in 
a medio-lateral direction. The steepness gradually decreases in the ventral part of 
the shell On the anal side of the “ crest-line”  the slope is much more gentle, its 
steepness gradually lessens in an anal direction, so that the dorso-anal part of the 
shell appears quite plane and passes orally into the ascending part o f the shell 
with a slight concavity. This zone of concave excavation extends obliquely from  
the umbonal portion of the ligamental margin towards the ventro-anal margin and 
diverges from the ligamental m argin at an angle o f about 30°.

The internal casts are ornamented with prominent concentric ridges, generally 
more or less rounded at their summit, or, more rarely acutely roof-shaped. Near the 
umbo the ridges are delicate and crowded; with increasing distance they become 
more prominent and wider-spaced. Moreover, the spacing of the ribs varies to a very 
noticeable extent in different specimens, and even in one and the same specimen 
successive intervals are apt sometimes to- vary. The regularity of the concen­
tric costation is further interfered with, owing to the fact that some of the ribs,
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though distinctly developed along the region of the “  crest-line ” , when followed in 
a dorsal direction, either dwindle away or- coalesce with other ribs. Both in  their 
dorso-oral and dorso-anal portions, all the ribs undergo gradually a considerable dim i­
nution in thickness and relief, the intervals between them being reduced at the same 
time. The point of greatest um bonal distance, that is the point at which the ribs 
bend round from a ventro-anal to a dor so-anal direction, is usually situated near the 
crest of the shell, though in many instances it may be slightly though distinctly 
displaced towards the anal side.

Pull-grown individuals attain considerable dimensions, the largest available 
specimen being 90 mm. high.

Amongst the species from the Jurassic of Europe, we may m ention In. obliquus 
Morr. aud' L yc. {Pal, Soc., V I, Great Ool. M oll., p. 24, PI. V I, fig. 12) as pre­
senting a certain degree o f resemblance w ith In. live rest i.

In. Everesti has been obtained from  the follow ing localities: Middle Spiti 
shales, Shalshal, 22. V I I I ;  Chidamu, 11. V I I ; Spiti shales, Hundes, Coll. 
T, L. W alker; Upper Spiti shales (Etage I I I ) , Locham belkichak E. G. (figs. 12, 
1 4 ); Gamp Laptel, 26th August 1873; Upper and Middle Spiti shales, K uti (fig. 13).

One more specimen, unfortunately in  a very incom plete state o f preservation, 
and which perhaps must also be included within this species, bears the follow ing 
label: " Geode in black shales below W erfen beds. Doubtful on account o f fossil, 
but no Spiti shales are found on the south slope of N iti Pass. N , W . Kim plung, 
S. W . N iti Pass” . The specimen certainly does show the characteristic type of 
fossilisatiofi. o f the Spiti shales.
.. W hether In. MooJcerl Salt, and erenatulinus Salt, really correspond with In. 
Everesti Opp. could not be decided without a reference to the original specimens 
which I have not been able to examine.

Inocerawus gracilis; nov. sp. PI. X C V III, fig. 15.
^  x.

This species is represented by a single incomplete cast of a left valve. It is 
probably closely related genetically to In. Everesti, but is distinguished by its 
much more slender shape, the different distribution of relief, especially as regards 
the far more pronounced oro-anal convexity, and by the m uch more oblique trend 
of the ligament-margin which is accompanied by a distinct m arginal zone.

Both the ventral region and the umbo are unfortunately missing. The dorso- 
ventral convexity is relatively feeble, but the oro-anal one remarkably strong, though 
it becomes less pronounced in  a ventral direction. The “  crest-line’ ’ lies close to 
the median line of the shell even near the umbo, and converges towards the liga- 
mentai margin at an angle of about 30°. Both on the oral side, and especially on 
the anal side of the “  crest-line” , the surface slopes down steeply. On the anal 
side the slope is particularly strongly and regularly convex, so that in  the dorsal por­
tion of the shell the convex marginal portion is turned inwards, and therefore is



visible only from  inside (fig .. 15<?)> The ligamental and anal margins convene at 
a very blunt angle. Along its whole extent, the ligament margin is accompanied 
by an almost plane, unornamented marginal zone disposed exactly in  a medio-lateral 
direction. Its breadth is 2 mm., and it is connected with the convex adjacent shelly 
surface by an obtuse re-entering edge slightly rounded at its apex. Instead o f the 
slightly concave excavation observed in the dorso-anal portion of In, Boeresti, we 
find, in the case of In. gracilis, a noticeably deeper and narrower chamber, which 
follows the uppermost part of the anal m argin and gradually fades away ventrally. 
The oral marginal portion of the shell extends with a considerable breadth in a 
medio-lateral direction. Against the oral margin one observes a very shallow groove 
about 3 mm. broad, which on the internal cast is destitute o f ornamentation.

A  small fragm ent of the shelly layer subsists near the umbo. "With the excep­
tion of lines of growth, it shows no ornaments. The anterior and ligament margins 
converge on the inside and somewhat medio-orally of the umbo at an angle of about 
60°, the apex of which is truncated by a broad curve. The median declivity of the 
umbo ascends in a dorsal direction from the margin at a very steep slope, and 
gradually passes on to a vertical position through a continuous curvature.

The apex o f the umbo which is unfortunately broken must have projected 
considerably beyond the uppermost portion of the ligament margin.

As in the case of In. BeeresH, the ornamentation consists o f concentric ribs 
which, in the neighbourhood of umbo, constitute very shallow narrow folds, while 
in a ventral direction they gradually acquire a considerable relief, their crest always 
remaining very narrowly rounded. In  the umbonal portion of the shell, the region 
of maximum distance from  the umbo does not correspond with the “ crest-line” , Imt 
is displaced considerably towards the anal margin, so that, when viewing the shell 
laterally, the orally sloping branch of the ribs nearest the umbo is alone visible. As 
the distance from the umbo increases, the point of greatest curvature of the ribs 
gradually approaches the “  crest-line ” , so that at a distance of about 40 mm., the 
orally and anally sloping portions meet practically in the region of m axim um 'relief 
of the shell surface. Just as in the case of In. Bveresti, some o f the ribs are devel­
oped only in the middle of the valve, their prolongations gradually dwindling away 
in a dorsal or anal direction, or else coalescing with adjacent ribs. The intervals 
between successive ribs are very variable, the maximum distance observed between 
consecutive ribs amounting to 5 mm. The terminal region of the umbo seems desti­
tute of ornamentation.

The solitary specimen is from the N iti Pass in  North Rumaon.

I xocerasjus SroiiczK Ar, nov. sp, PI. S C V III, figs. 10, 11.

This species differs widely from both, the foregoing. The specimen selected as . 
the type is an isolated right valve (fig. 10), the exact locality of which is unknown.



It is preserved only as an internal cast. The shell is only very slightly oblique 
and must have exhibited a very broad, rounded outline. The dorso-ventral and oro- 
anal convexities are both feebly developed. T ie  inner cast o f the small umbo has 
the shape of a medio-laterally compressed cone, moderately tall and only slightly 
rounded off at its apex The lateral surface of the umbo exhibits dorso-ventrally a 
continuous curve; it slopes ventio-laterally at an angle o f about 45° in the terminal 
region of the umbo, while the median surface exhibits a very steep inward slope at 
the apex. The steep portion o f the median surface of the umbo measures 1*4 mm. 
in height, and, with a curved bend, passes over medially to a horizontal course. 
"When the valve is viewed directly on the fiat, the umbo exhibits an angle of about 
100°, its oral outline appears slightly concave and assumes an approximately hori­
zontal direction on reaching a distance o f 14 mm. from  the umbonal apex. The 
anal outline exhibits approximately the same degree of slope as the oral one and 
at 5 mm. from  the apex already reaches the level o f the high-situated ligament 
margin.

Anteriorly to the umbo, the upper margin of the shell exhibits an unorna­
mented marginal zone situated quite medio-laterally, connected with the flanks o f 
the shell by  means of a curvilinear bend. The width of this zone, as measured on 
the cast, is 6 mm. In  the umbonal region this marginal zone exhibits a moderately 
steep curve in  a dorso-anal direction and it extends obliquely backwards and up­
wards, finally passing on the inner side o f the umbo where it merges into the post- 
umboual marginal zone at an angle of about 100° without scarcely any curvature at 
the point of junction. The post-umbonal part of the upper margin is also accom­
panied by a medio-laterally disposed marginal zone, the anterior part of which is 
only B mm. broad as measured on the cast. The post-umbonal portion of the dorsal 
margin carries the ligament, '.the most anterior ligament p it is almost immediately 
adjacent on its anal side to the angle where the post-umbonal and pre-umbonal 
portions join . The anterior portion of the ligament margin is preserved as a cast 
in the above-described specimen (fig. 10£), the casts of the pits exhibiting the shape 
o f oblong-oval cushions, the height of which distinctly exceeds their length ^the 
length being measured oro-anally and the height at right angles to this direction). 
Their length is about T o  mm., their height about 1*7 mm. A t about one-third of 
their total extent, measured from the ventral side, the rounded lateral borders of 
the successive ligam ent pits closely approach one another so that the intervening • 
pillars (which, on the cast, naturally appear as cavities) exhibit at that level a 
minimum breadth, thence gradually expanding both dorsally and ventrally, so 
that at their upper end they attain a breadth of 0*8 to 0 9 mm. In every direction 
the boundaries o f the casts of the ligament pits appear as sharply incised lines.

The ornamentation of the internal cast consists of concentric ribs which are 
broadly rounded at their summit. Their dimensions and spacing increase gTeatly in 
a ventral direction, the intervals amounting to 6 nim. in  the ventro-xrarginal por­
tion of the shell. The succession o f the ribs is essentially irregular: &ome of the 
ribs are developed only in the middle of the shell, gradually dwindling orally and



anally* or else coalescing w ith other ribs. The position of greatest distance from  
the umbo lies somewhat jowards the anal side.

There is one more specimen which should be referred to the same species and 
which consists of a right valve preserved as an internal cast (fig* 11). I t  bears the 
following label: “ Middle Spiti Shales, Shalshal, 22, V III .”  I t  is 40 mm. in  length 
w 'th an estimated height o f 30 mm. It is very feebly oblique. The oral and anal 
margins combine with the ventral margin to form  a semi-circle. The upper margin 
is connected with the oral and anal margins through a short bend. The umbo 
which occupied an approximately median position is not preserved. Lorso-vent- 
rally the shell is very flat, while the oro-anal convexity is more distinct and regu­
larly continuous. The “  crest-line”  extends nearly vertically downwards from  the 
umbo. The ornamentation consists of shallow concentric folds increasing in  dimen­
sions and spacing with increasing d*stance from  the umbo and distributed in very 
irregular succession.

Just as in the previously described specimen, the pie-um bonal marginal portion 
i  ̂ drawn inwards, so that it is disposed m edio-laterafly; yet the turned-in marginal 
zone is connected with the flanks of the shell by means of a distinctly shallower 
convexity ; it attains a conside ’able breadth near the umbo, becomes gradually 
contracted in ’ an oral direction and disappears entirely in  the foremost part of the 
upper margin. The ligam ent margin is situated high up, and can be recognised 
for a distance of l 1? mm. On the inside of the nmbo, it connects at an obtuse angle 
with the pre-umhonal m argin which exhibits a dorso-anally directed curve in the 
umbonal region. Only in the neighbourhood o f the umbo is the ligam ent margin 
accompanied by a distinctly developed medio-laterally disposed marginal zone which 
gradually disappears in an anal direction with increasing steepness. The characters 
of the ligament are essentially similar to those described in  the case of the previous 
spec'men, though the longitudinal dimensions of the ligamental pits attain as much 
as 2*3 mm., far more therefore than in the other specimen.

Tnocbuahtjs conf. Sujlastjm, Boehm.

The follow ing. illustration represents a specimen of unknown origin, though 
probably obtained from  the Belem oite beds. It is an Inocerawms whose ornamen­
tation and feeble convexity recall somewhat In, sularwm G. Boehm (JBalcsonto- 
graphica, Snppl. IV , p. 70, P I  X I , fig. 1). Owing to the poor state ofpreserva* 
tion o f the solitary specimen i f  is hot possible however to identify it with 
certainty.

The shelly substance is preserved. The margins are all broken and the umbo 
is missing. The flanks are very feebly convex. The ornamentation consists o f 
very shallow concentric ribs with broadly truncated crests, succeeding one another 
at considerable intervals. In  the upper part o f the shell the distance between



consecutive ribs is 7 or 8 mm,, while the two lowest preserved ones are separated 
by a maximum interval of about 16 mm.

Inocertimus conf. srdaruin jBobm3 natural size

IWOCERAMUS Sp.

The Belemnite-beds contain numerous impressions o f a species of Inooeramm 
which, owing to their poor state of preservation can be neither identified nor des­
cribed. The species attained very large dimensions, the estimated height of the 
largest available specimen being at least 130 mm. The ornamentation consists o f 
wide-spaced shallow concentric ribs.

The locality and horizon o f the specimens are: Ohidamn, Lower Spiti shales.

Genus: Lima, Bruguikre.

L ima melancholica, nov. sp. Plate XCJVI, fig. 4.
The figured specimen has the shell substance preserved and is embedded in a 

grey friable shale. The only other specimen is a badly preserved cast. Both speci- 
.mens are from Chidamu.

As w ill he seen from the figure, the shell is of small size, somewhat oblique, 
greatly elongated ventrally. In  the region of both the anterior and posterior ear 
the dorsal margin does not seem quite intact. The anterior margin is almost exact­
ly rectilinear and extends obliquely downwards and forwards. A  pronounced con­
vexity connects it with the rather shallow and regular convexity of the ventral



margin, the posterior portion of which combines with the posterior margin to con ­
stitute a continuous, shallow, and regular curve.

The convexity of the shell is regular and moderately pronounced. There is no 
visible lunula. The umbo is small and occupies an almost median position with 
reference to the dorsal portion of the shell. A considerable extent of its dorsal 
surface is directed almost horizontally towards a median direction. The terminal 
jxn'tion of the umbo is not exposed.

The outer surface of the shell is diversified both with concentric and radial 
ornaments. The concentric sculpture consists of a small number of distinctly visible 
lines of growth, besides which, in some o f the best preserved portions of the shell,. a 
strong lens reveals the presence o f another set o f lines of growth very close-set, sharp 
and of extreme delicacy. The radial sculpture consists o f very shallow broadly flat­
tened ribs, which are very delicate in the umbonal portion of the shell and gradually 
increase in breadth in a ventral direction. A t a distance of 25 mm. from  the umbo 
the radial ribs in  the middle of the shell have an average width of 1 mm., the inter­
vals being about half that amount. The breadth of successive ribs and the intervals 
between them are not quite regular. There is' no distinctly visible ribbing in the 
anterior part of the shell on the oral side of the rib that extends from  the umbo to 
the point of junction of the ventral and anterior margins. The few  ribs which 
occupy that region in the published illustration were drawn from the artist’s imagina­
tion. The same absence of radial ornaments is also observed near the posterior 
margin. The total number of distinct ribs on the flanks of the shell is 12.

The radial sculpture is somewhat different in the second badly preserved speci­
men mention o f whieh has already been made and which I  have nevertheless also 
referred to Lima melancholica. In  Size it  approximately corresponds with the figur­
ed type. In  the dorsal portion o f the east there is no trace of radial ornamentation, 
while the ventral half shows a distinct radial sculpture consisting of very numerous 
crowded, flatly rounded, keel-shaped very shallow ribs. This costation disappears in 
the neighbourhood o f the anterior margin. The number of distinctly visible ribs is 
about 20.

Lima tbisticula, nov. sp. PI. X C V I, fig. 5.

This species is represented by a number of specimens, several of which have the 
shell preserved. They occur in the same shaly rook as Lima melancholica. They 
are from Ohidamu.

The shell is of small size. The specimen represented slightly enlarged in 
PL X C V I, fig. 5, which is probably immature, has a height of 17*5 mm., the maxi-, 
mum length, which lies in  the ventral third, amounting to 12‘2 mm. Another larger 
specimen, probably full-grown, has a height o f 24*5 mm. with a maximum length 
of 18 mm. The shell is unsymmetrical but only slightly oblique and is ventrally 
elongated. The greater portion of the upper margin is situated anteriorly to the 
umbo. This pre-umbonal portion is almost rectilinear and stretches obliquely forward



and downward, and connects with, the anterior margin by means of a very obtuse 
rounded-off angle. The apex o f the anterior ear lies about 5 mm. distant from  the 
apex of the umbo in  the case of the immature figured specimen and about 7 mm. in 
the case of the already mentioned adult individual. The post-umbonal portion of the 
upper margin is much shorter than the pre-umbonal one. It is likewise almost 
rectilinear, somewhat obliquely slanting backwards and downwards and is connected 
with the posterior margin by means of an obtuse rounded bend. The anterior and 
posterior margins are regularly and very slightly convex and are connected by a 
moderately strong convexity with the fairly flat bow-shaped lower margin.

W ith the exception of the flat ear the surface of .the shell is feebly convex. 
There is no lunula. In  the case of the full-grown specimen, the anterior part o f the 
shell exhibits an extremely shallow broad concavity reaching obliquely from  the 
umbo to the upper third o f the anterior margin and dividing off the flat anterior ear 
from the convex portion of the shell. This concavity is not distinctly developed in 
the case of the immature specimen illustrated in fig. 5.

The small umbo is situated somewhat to the oral side o f the posterior third of 
the upper margin. Its dorsal surface extends medially for a considerable extent 
in an approximately horizontal direction. The terminal part of the umbo is not 
exposed.

The surface of the shell is diversified both with radial and concentric ornaments. 
The only concentric ornaments visible to the naked eye in  the dorsal part o f the 
shell are a few feeble lines of growth, but with the help of a strong lens one can 
distinguish another set o f extrem ely delicate lines o f growth, very fine and very 
crowded. In  the lowermost part of the shell there are some lines of growth visible 
to the naked eye, follow ing one another at intervals of about 0*5 mm. The radial 
ornamentation consists of excessively flat, shallow,'feeble ribs which almost disappear 
in the dorsal part of the shell. On the figured specimen, the ribs, in the ventral 
half of the shell, have an average breadth of 025 to 0 3  mm. and are separated by 
intervals of the same dimensions. In  the region adjacent to the anterior margin, the 
radia! sculpture is scarcely visible and the ribs observable in that part of the shell 
are not nearly so distinct as has been expressed by the artist in PL X O Y I, fig. 5. In  
the case of the full-grown specimen, the internal cast is quite smooth and shows no 
trace of radial ribs even at its lowest margin.

Lima tristioula is not unlike Lima melanckolica, but is undoubtedly and con ­
stantly distinguished by its somewhat smaller size, a smaller degree of obliquity, a 
somewhat shallower convexity, a different outline and its much finer radial orna­
mentation which shows absolutely no traces on the internal cast.

L im a  R o b e r t i, Oppel. PI. X O Y I, fig. 3.
Lima Bobcrti Oppel, Palseont, Miltc-il., 1 ,1863, pp. 273, 298, PL 88, fig. 4.
Lima sp. Stoliozka, 2Lem G-eol. Svrv. I n d Vol. V, 1866, p. 89.

The available material for a study of this form  consists of only two specimens, 
one of which is Oppel’s type from  the Schlagintweit collection, preserved at M unich,



•and another specimen o f unknown origin in  a very fragm entary state of preserva­
tion belonging to the Calcutta Museum.

Both specimens are only in  the condition of internal casts and display the 
characteristic appearance o f the Spiti shales.

The shell is o f considerable size, only slightly inflated, somewhat strongly 
oblique and produced in a ventro*oral direction. In  the available specimens the 
margins are all broken and the ears are missing. From the disposition of the lines 
of growth, it is possible to ascertain that, in  the immature specimen, the height of 
•he shell was approxim ately equal to the width measured oro-anally. The anterior 
margin is connected with the ventral margin by means o f a moderately strong 
convexity. The ventral and posterior margins com bine to constitute a continuous, 
regular and fairly strongly convex curve.

The convexity both oro-anally and dorso-ventrally is regular and moderate. 
*lhe umbo is moderately large, projecting somewhat considerably beyond the 
cardinal margin, rounded at its apex, not deflected inwards (unless this be at its 
extreme end which is broken off in both valves). The median surface of the umbo 
appears slightly excavated on the internal cast and becomes almost vertical towards 
the terminal portion o f the umbo. It extends ventrally in  an oblique direction with 
a gradual curvature.

The lunula is moderately broad; in  the case of the fragm entary cast, which 
appears to have been somewhat larger than the figured specimen, the greatest 
breadth of the lunula measured across the united valves, is about 17*5 m|a. I t  is 
separated from  the flanks by a ridge. W hen the shell is viewed anteriorly the ridge 
bordering the lunula seems to have a very feeble convexity and disappears in  the 
immediate neighbourhood of the umbo. The greatest breadth o f the lunula is 
situated at about one-third or one-fourth o f its length measured from  the dorsal 
side. In  the neighbourhood o f the umbo, the floor o f the lunula is exceedingly 
flatly excavated in  a transversal direction. In  the ventral half of the lunula, the 
floor seems almost flat.

The ornam entation consists of radial ribs w hich are very flat and feeble in the 
neighbourhood of the umbo, so much so that they completely disappear in  the 
immediate neighbourhood of the apex, while in a ventral direction they gradually 
acquire a considerable size. In  the specimen illustrated on P i. S C Y I, fig. 8, the 
total number of distinctly developed ribs, including the one bordering the lunula, 
amounts to 19. Beyond the nineteenth rib (counting from the anterior end), in  
the posterior, medio-anally situated part o f the shell, the radial ornamentation 
becomes m uch less distinct. The ribs seem to be much more delicate and, at the 
same time m uch more crowded than along the flanks. (In  the illustration the ribs 
as shown in  this part o f the shell are far too strong and distinct). A long the 
flanks of the shell, the ribs are fairly regularly distributed. About the middle o f 
the shell at a distance o f 60 m m  from  the umbo, the interval between two suc­
cessive ribs amounts to about 4*7 mm. The ornamentation is particularly w ell 
preserved in  the case of the inner cast belonging to the Calcutta M useum ; in  this



specimen, the ribs, throughout the greater portion of their course, have a sharp roof- 
shape, with an angular crest w hich becomes rounded off on ly near their ventral 
termination. In  the figured specimen, however, the ribs, throughout their entire 
course, have their crest flattened and truncated in rounded fashion, perhaps as an 
effect o f weathering. Exceedingly fine and very regular radial striations occupy 
the floor o f the intervals between successive main-ribs. The num ber of these very 
fine striations in  each interval is 13 to 14, In  the anterior portion of the shell, 
however, the number o f these fine striations becomes exactly double because another 
set of still more delicate striations are alternately interpolated between the normal 
set of fmo ones. In  the cast from, the Schlagintweit collection, the lunula appears 
quite sm ooth In  the other cast, ‘the lateral ha lf of its floor in the right valve 
carries four very feeble, low, linear radial ribs at intervals o f about 1 mm. W ith 
the aid of a lens, some excessively delicate longitudinal striations can be detected 
between these ribs. Traces o f these exceedingly fine striae are also visible w itb a 
lens in  the median portion of the lunula.

The concentric ornamentation is very indistinct. On the specimen from  the 
Schlagintweit collection it is reduced to a small number of inconspicuous Hues of 
growth. The other specimen exhibits crowded striations o f growth which are very 
close-set, but at the same time very feeble and indistinct.

L ima spitiensis, nov. sp. P I X O Y I, figs. 1, 2.

This form  is represented only by two internal casts w ith  scanty remains of the 
shelly layer of both w hich I  have referred to the same species though they differ in 
size and certain other characters. The larger specimen is from  K uling, the other 
from  Kibber.

The shell is very large, rather strongly inflated, unsym m etrical, very oblique 
and elongated in  a ventro-oral direction. The flanks are continuously convex, the 
specimen from  K illing being by far the more convex of the two. A  considerable 
portion o f the margins is m issing in  both specimens. In  the larger specimen, the 
anterior margin remains almost rectilinear np to a distance of 80 mm. from  
the umbo. Beyond this distance, a strongly convex inflection connects it  w ith  the 
ventral m argin which assumes the shape o f a broad curva A t its dorsal extrem ity, 
the anterior margin converges with the short pre-oral cardinal margin at a very 
obtuse angle, whereby tbe anterior ear, observable on both specimens, is of greatly 
reduced dimensions. The posterior ear and the posterior shell margin are missing in 
both specimens. The cast o f the large umbo, when viewed dorsally, terminates in  the 
shape of a very obtuse triangle, the extreme apex o f which exhibits a rounded trunca­
tion. W hen the shell is viewed from  the anterior side, the umbo seems only 
feebly deflected inwards, w itb an angular a p ex ; fo r  a considerable distance on the 
larger specimen, and only a short distance on the smaller one, the dorsal surface of 
the um bo slopes obliquely inward at a shallow angle w ith a gentle curvature. The 
.medially directed slope of the umbo is excavated w ith a fairly pronounced and



regular concavity ; its upper portion is overhanging. In  tlie smaller specimen, the 
umbo is not so strongly deflected inwards as in  the larger one.

There is a broad deep lunula separated off from  the flanks by a rounded ridge 
disposed along a ventro-oral direction. This ridge merges into the anterior margin 
of the shell at a distance o f about 80 mm. from  the um bo in  the case of 
the large specimen, while in  the smaller specimen the estimated distance is 
65 mm. The ridge bordering tbe lunula is more pronounced on the smaller specimen 
than on the larger one. W hen the shell is viewed from  its anterior aspect the mar­
ginal ridge of the lunula exhibits a moderately convex shape. The maximum breadth 
of the lunula is situated at two-fifths of its total length, counting from the umbonal 
extrem ity. A t that place, the width, measured across both valves, amounts to 
40 mm. in  the case o f the R u lin g specimen and 26 mm. in  the case of the one from 
Ribber. The floor of the lunula slopes rather steeply from  its marginal ridge towards 
a median direction. The small elevated anterior ear is bounded laterally by a broad 
shallow concavity, almost parallel to the anterior margin of the sh e ll; it becomes 
gradually shallower in  a ventro-oral direction and can be follow ed all along the 
anterior margin to beyond the middle o f the lunula.

The internal cast of the larger specim en exhibits excessively shallow, wide­
spaced striations of grow th w hich require a suitable incidence o f the rays of illum in­
ation in order to become distinctly visible A  very feeble radial sculpture is visible 
on both casts. On the larger specimen the radial sculpture, along the flanks, consists 
of slender very shallow striations distributed at close intervals and only visible w ith 
a suitable illum ination. These striations almost disappear in  the neighbourhood o f 
the umbo, they become gradually more distinct when follow ed ventrally up to about 
the middle o f the shell and once more fade away towards the ventral third of the 
shell, A t about half tbe height of the shell, a distance of 5 mm. measured along one 
o f the striations o f growth includes about 4 radial strise. The lunula, in  the R uling 
sx>ecimen, does not show any trace o f radial ornamentation.

The ornamentation o f the flanks is somewhat more distinct in  the case of the 
cast from  R ibber where it  consists of radial lines of various strength distributed at some­
what irregular intervals and fading away towards the um bonal and ventral portions 
of the shell. This ornamentation is very w ell expressed in  the illustration, though 
the delicate striations as shown on the post-umbonal region of the cast are distributed 
somewhat too regularly. In  the R ibber specimen, the lunula also shows fine crowded 
striations which disappear towards the medial third o f its breadth.

The only subsisting remnants of the actual shell are observed in  the R uling 
specimen where they occupy the region of the posterior ear and the marginal ridge 
of the lunula in  the left valve. They include remnants o f the inner and middle lay­
ers, both o f which exhibit delicate crowded lines of growth, the fragm ent of the bor­
dering ridge along the lunula also exhibiting fine radial striations which are visible 
even to the naked eye.

Jj. spiMemis belongs to  the group of L . gigantea Sow. and, in  its general appear­
ance, it recalls the European upper Jurassic form  Jj. Iceviuscula Sow. (M in. conch



IV . p. 112, PL 382 : Goldfuss, Petref. Germ. II , p. 79, P I 102, fig. 3). Lima utatur- 
enm  Stol from  the lower part of the cretaceous o f Southern India (Utatur group) also 
seems closely related (Pal. Lid., Crotac, Paun. o f South, Ind., V o l III , p. 417, 
PL X X IX , %  8).

The specimen from  the Niti Pass mentioned by Salter as Lima gigantea Sow. ? 
may possibly belong to this same species.

Genus : Pecten, K lein.

Pecten inerttjjjTjs, nov. sp. Pl. X C Y I, fig. 7.

Amusimi sp. coni Pecten Sdidue Trautscli, jStolickza, Mem. GeoL Stirv. Ind,, VoL V, 1866, p* 87.

The only available specimen is the one shown in  the illustration. It is an 
internal cast and bears the label “ North of K ibber.”

I t  is o f small size and almost flat. The umbo and ears are missing. The ven­
tral and lateral margins combine to form  a continuous curve whose shape approxi­
mates to that of three quarters of a regular circle.

The ornamentation of the internal cast is reduced to three concentric, extremely 
shallow striations, whose average width amounts to about 0*5 to 0*6 mm. A t a few 
places the cast also exhibits some very indistinct traces of linear radial striations.

Pecten sp. PL X C Y I, fig. 6.

The figured specimen, a very fragmentary cast, is the only representative o f 
this form  and it is too im perfect fo r  an accurate-diagnosis. The surface of the cast is 
ornamented w ith eight conspicuous primary radial ribs, separated by intervals each 
of which bears from  7 to 9 much finer secondary ribs. The secondary rib occupying the 
middle o f each interval is somewhat more conspicuously developed than its fellows.

The specimen is from  the Upper and Middle Spiti shales of K u ti

Genus : Ostkea, Lin,

Ostrea sp. PL X C Y I, fig. 8.

Amongst the material to which I  have had access, there occurs one specimen o f 
an Ostrea o f which I  give a figure. I t  bears the following label "  Spiti Shales, 
Gieumal (? )” .

That this fossil really comes from  the Spiti shales seems unlikely for the charac­
ter of the rock differs widely from  that o f the Spiti shales. The shell is embedded 
in  a reddish-brown pisolitic limestone which from its lithological aspect recalls the 
Kelloway rock.



Genus : N uctjla, Lamarck.

NTJOT.XA SPITIEN8IS, HOY. sp. P l. X C V , figs. 11-13.
Ffu&ula ru n eiforn n s H. I\ Blanford, J ov rn . As* S oc. B en ga l, Vol. X X X IL  1363, p. 135 and Stoliczka M em * G eob  

S w v* Jnd* Yob V, 1866, p« 9 0 / ttof&Sioweiby, G-eoL Trans. 3er. 2, Vol* Y. PI XXIJ, fig* 4.

This species is represented by a large number of specimens all o f which hare 
their shell preserved, but which are generally greatly distorted. They were obtained 
at Kibber, Chikkim  and GieumaL

As may be seen from  the illustrations, the shell is of moderate size, moderately- 
inflated, equivalve, veiy unsymmetrical, very much truncated posteriorly,1 and great­
ly elongated anteriorly towards the oral margin. The dorsal margin remains almost 
straight for a considerable distance anteriorly to the um bo; it is only on reaching the 
last third o f its course, or a little before, that it becomes slightly deflected downwards 
through a slight gentle curve beyond which throughout the anterior third of its ex­
tent, it once more becomes rectilinear, and slopes very gently forward and down­
ward. The anterior m argin is connected w ith the dorsal m argin by means o f a short 
very convex curve, beyond which it extends very obliquely backwards and down­
wards. The ventral margin remains almost rectilinear in  its posterior portion 
throughout a distance equal to almost half the total length o f the shell and is con­
nected at its oral extrem ity w ith the anterior margin through a gentle even curve. 
W hen the fossil is viewed in the ordinary manner, facing the flank of the shell, the 
posterior portion seems truncated by  an almost straight line. The straight post-umbo- 
nal portion o f the hinge-line extends at a very steep slope in  a ventro-anal direction 
and converges with the pre-umbonal hinge margin at an angle o f 110° to 120°, This 
post-umbonal portion o f the hinge-line is much shorter than the pre-umbonal part 
and merges in  a straight line into the posterior margin of the shelL

The strongly developed umbo is situated in the hindmost part o f the shell. Its 
apex which comes almost directly in  contact with the uppermost point of the hinge­
line is obliquely deflected in a median direction. The angular edge lim iting the 
lunula, and that o f the small area on the umbonal apex, converge at an angle of 
about 100°, so that when seen from  inside the apex of the umbo appears very 
angular. In  a flank view o f the shell, the dorsal surface o f the umbo appears to 
slope backward rather obliquely with a gentle curvature for a distance of about 
5*5 mm. W hen the shell is viewed from  its anterior side, the dorsal surface of the 
umbo appears strongly and regularly convex, deflected downwards in a median

1 'With regard to the orientation of the shells of N u cid a  there is still a great deal of confusion both in palaeon­
tological and in zoological worhs. The anatomy of the animal indicates that the longest side o£ the unsymmetrical 
shel i« really the pre-umbonal one and the shorter side the post-umbonal. Consequently in M m u la , the umbo h situ­
ated posteriorly to the middle of the shell, just as in the case of X)onax> P is id itm , and many species o tZ im a , contrary 
to what one observes in most inequilateral shells where it occupies an anterior situation* See : Drew, Some observations 
on the Habits, Anatomy and Embryology of Members of the Protobranchia, A siat. A n zeige)', Jena, Yol. X Y  (1899), pp* 
493-519 (especially fig. J2, p. 497) andPred* Yife$, Locomotion de la Nucule. B td L  Soc* Z ooL  "France, Yol; XXIX, 
pp. 191-196.



direction for a considerable extent and disposed almost vertically in the immediate 
neighbourhood o f the umbonal apex.

The rounded edge which borders the broad lunula merges into the shell margin 
almost exactly where the anterior and dorsal margins meet, so that the lunula o c c u ­
pies almost the whole length of the dorsal region. W hen the shell is viewed from 
the dorsal side, the marginal edge of the lunula is observed to follow  a curvilinear 
course in which the curvature is greatest close to the umbo, and gradually becomes 
less pronounced as it recedes from  the umbonal region. In the terminal third of its 
extent, or sometimes throughout almost half its length, the border of the lunul'a 
appears very feebly arched, or almost rectilinear. In the neighbourhood of the 
umbo the margin of the lunula distinctly shows the shape of an obtuse edge ; it 
becomes gradually more rounded as it recedes towards the oral margin, but remains 
distinct up to the term ination of the lunula. The greatest breadth of the lunula is 
situated at about half its length. Measured across both valves it amounts to 
13 mm., in the case of the specimen represented in fig. 11. In the case of the 
specimen represented in fig. 12, its maximum breadth amounts to about 10 mm. 
Near the umbo the floor of the lunula slopes steeply inward. The direction o f slope 
becomes reversed in an oral direction, so that at about half the length of the lunula 
the floor is practically horizontal, while throughout its anterior half it slopes gently 
outward. In  the specimens illustrated in figs. 11 and 18,' the floor of the lunula 
exhibits on either side an exceedingly obtuse indistinct swelling, which follows a 
curvilinear path diverging radially from the umbo, extends towards the terminal 
third or fourth of the total length o f the pre-umbonal dorsal margin and dis­
appears just before reaching it. This swelling does not seem to occur in the case of 
the specimen illustrated in fig. 12.

The area exhibits a very slender heart-shape. Its curvilinear marginal edge is 
obtusely angular in the neighbourhood of the umbo and becomes gradually more 
blunted and rounded as it recedes from  the umbo. The floor of the area is perfectly 
flat in the middle, while at the sides it slopes towards the marginal edge.

The ornamentation of the shell consists of striations o f growth, the development 
of which varies in  different parts of the shell and in  different specimens. The 
striations are delicate near the umbo, while .at a greater distance they assume the 
appearance of delicate furrows. There are no radial ornaments. The hinge is 
concealed in every specimen and cannot be developed. There are no casts.

Blanford and Stoliczka referred either this species or the follow ing one to 
Nucula cuneiformis Sow., from Kachh. Unfortunately I  have 'been unable to 
obtain any of the Kachh specimens. Nevertheless, judging from  Sowerby’s illustra­
tion, it seems improbable that any of the Spiti species can correspond with 
N. cuneiformis. ' G. Boehm has given a short description of a species from  Taliabu . 
island in  the Sula Archipelago, under the name o f Nucula taliabutica (Palseonto- 
graph, Suppl. IV , 1907, p. 52, PI. V III , fig. 1). Nucula spitiensis is distin­
guished from  this species by its different outline, much feebler convexity, larger 
umbo, the more pronounced marginal rim  o f the lunula and other differences.



N tJCULA HYOM ORPHA, HOY. Sp. Pl. X C Y , figs. 14-17.
This species is represented by a small number o f specimens with the shell 

■preserved. They are usually distorted, but, instead of being compressed laterally as is 
generally the case with Nucula spitiensis, the compression takes place exclusively 
in  a dorso-ventral direction.1 Most o f the specimens are without any record of their 
localities. One specimen bears the label “  Chikkim

Nucula hyomorpha resembles N. spitiensis in  its general appearance ; neverthe­
less a whole series of differences place its specific distinctness beyond any possibility 
o f a doubt. The following description is restricted principally to a statement of the 
•differences between the two species.

Nucula hyomorpha is on an average o f a somewhat smaller size than 
N. spitiensis. It is distinctly more globose. One of the specimens is 26 mm. long, 
8*5 mm. thick, and 17 mm. high. The fianks are distinctly more convex than on 
N. spitiensis. The most anterior third of the pre-umbonal dorsal margin is 
bent only very slightly w ith a gentle curvature. The anterior margin is distinctly 
more convex and less obliquely disposed than in N. spitiensis. It joins on to 
the dorsal margin w ith a shallow curve. The ventral margin exhibits throughout 
its entire length a very feeble curvature. W hen viewed from  the flank of the 
shell, the umbo has its dorsal surface apparently more rounded than in the case of 
N, spitiensis. The structure of the lunula displays some very important differences. 
The angular bend, which, in the case of N . spitiensis, extends in an oral 
direction from  the umbo and divides off the flanks from the medially disposed 
part of the shell, is invariably absent from  N . hyomorpha whose flanks merge into 
the m edially sloping dorsal region through a perfectly continuous, uninterrupted, 
regular convexity. A ll the well-preserved specimens exhibit a feeble, shallow, 
but very distinct obtuse edge, equally developed throughout its entire extent, 
situated close to the cardinal margin and extending in an oral direction from 
the um bonal region with a very feeble bow-shaped curvature. It merges into the 
pre-umbonal dorsal margin at the orally situated fourth or fifth of its total extent. 
This rim encloses a very slender lancet-shaped lunula, which is comparatively much 
narrower than that of N. spitiensis. Its maximum breadth is situated at about 
the middle of its course. In  one specimen v ith  a total length o f 26 mm., the 
maximum width of the lunula measured across both 'va.ves is 3 mm. In  another 
specimen 27*5 mm. long, it is 3*2 mm. The floor of the lunula slopes gently 
inward throughout its whole length.

The area is deep and has a much broader heart-shape than in the case of 
N. spitiensis. Its floor is flat in the middle, while the sides slope steeply towards the 
enclosing rim .

1 This constitutes a constant distinctive mark from Nucula, sp itien sis, connected with the difference in the 
convexity of the shell. During the course o f the sedimentation of the enclosing rock, the compression of the shell 
results from the weight of the superimposed sediment. After the death of the animal, the flat shell of flucula  
£ty*tiensis probably rested on its side and was therefore laterally compressed, while the dead shells of the much more 
globose J&itcu&a kyosnorpha remained in a yertical position and consequently were dorso♦ventrally compressed*



The concentric ornamentation is on an average somewhat finer and more 
regular than in the case o f AT. spitieusis.

Nucula hyomorpha recalls N. taliabulica Boehm from  which it is distin­
guished by' a smaller average size, a less exaggerated convexity, a more depressed 
shape and by the presence of a distinct rim round the lunula. One solitary 
specimen of N, hyomorpha, unfortunately very badly compressed, does indeed 
attain the same length as the specimen of N  taliabulica figured by Boehm on 
PI. "VIII, fig. 1 of his monograph.

The European Jurassic also contains some species exhibiting a general similarity 
to N. hyomot'pha.

N tjctji/A k i b b e b i a n a , nov. sp. PI. X C IX , fig. 1.

This species is represented by a solitary somewhat crushed specimen from  
Kibber.

Nucula Hbberiana is at once distinguished from  the two preceding species, 
owing to its shape which is much less elongated orally. The solitary specim en. is 
18 mm. high, 22 mm. long and 18 mm. thick. The pre-um bonal dorsal margin 
remains almost rectilinear up to  a distance of about 14 mm, from  the umbo beyond 
w hich it merges into the anterior m argin w ith a gentle curvature. The anterior 
margin shows a somewThat pronounced regular convexity ; its ventral portion com­
bines with the ventral m argin to constitute a rather extended, uniform , arc-shaped 
curve. The posterior portion of the shell is distorted. The umbo is large, situated 
in the posterior part of the shell and similar in shape to that of Nucula spitiemis.

The lunula has a length of about 13 mm. with an estimated maximum breadth 
of 6 mm. Unfortunately the shell is somewhat distorted in the region of the lunula. 
The lunula is divided off from  the flanks by means of a very indistinct marginal 
ridge o f bluntly rounded outline which follows a curvilinear trend from  the umbo 
towards the oral margin and already ceases to be perceptible at about 10 mm. from ’ 
the umbo. The area is greatly distorted ; apparently it had a slender cordiform. 
shape.

The ornamentation is similar to that of Nucula hyomorpha.

Ntjoula sp. PI. X C IX , fig. 2.
The internal cast illustrated in  fig. 2, PL X C IX , does not seem to agree 

with any of the above-described species. The only indication of locality recorded 
on the label is “  Spiti valley.”

I t  is of moderate size, very convex, greatly elongated in  an anterior direction. 
The maximum length measured in  a direction parallel w ith the pre-umbonal dorsal 
margin is 17*8 mm. ; the height measured from  the middle o f the dorsal margin 
to the middle of the ventral m argin is 12*2 mm,1 ; the thickness is 11’8 mm. The

1 In tho illust 'ation the height is shown too great by about 1 mm.



umbones are situated in  the hindmost part o f the shell. The pre-umbonal portion 
o f the cardinal margi n is rectilinear throughout a considerable extent o f its course ; 
it  bends round at an angle into the much shorter post-umbonal cardinal margin. 
The dorsal portion of the anterior margin is broken ; its ventral portion combines 
with tbe ventral margin to constitute a fairly strongly and regularly convex, arc­
shaped curve. The posterior end of the shell exhibits an almost rectilinear trunca­
tion. The cast of the umbo is large, regularly pointed, w ith a rounded truncation 
only at the extrem ity of its slender apex. The m edially situated slope of the 
umbo is excavated by a moderately deep arc-shaped concavity which bears the 
impression of the ligament in the shape of a tall, rather narrow, very feebly 
impressed triangular excavation. The apex o f the umbo is situated about 2*3 mm. 
above the deepest part of the ligament impression. A long the laterally directed 
slope of the pmbo, one notices a very shallow, slender, short radial furrow, break­
ing up, in a ventral direction into two branches ;which soon cease to be distinct. 
It is not distinctly shown in the illustration. The muscular impressions are 
strongly developed and stand out in relief over the surface of the cast in the 
portion facing the umbo. The pallial line is not visible. A  broad furrow trends 
from the anterior part of the posterior muscular impression towards the um bo; it 
becomes narrower as it is followed dorsally and disappears at about 3 mm. from the 
apex of the umbo.

The cast exhibits a broad lunula encircled by a very blunt rounded edge which 
extends with a curvilinear outline from  the umbo towards the oral margin and 
gradually disappears in an anterior direction. In  its median portion the lunula 
bears the impression o f strong cardinal teeth, the exact number of which cannot be 
ascertained. The length of the lunula is about 12 m m -; its maximum breadth 
which is situated at about the middle of its length is about 6*5 mm.. In 'the posterior 
portion of the shell there is a feebler bluntly rounded curvilinear edge extending 
from the umbo to the middle of the posterior muscular impression. The region thus 
enclosed on the posterior portion of the cast comes to resemble an area with a 
height of 8‘ 5 mm. as measured from  the apex of the umbo and a -maximum breadth 
o f 6 2 mm. measured at about half its length.

In  its ventral portion the cast exhibits a number of indistinct concentric 
striations of growth.

N uctjla D i e n e r i , nov. sp. PI. X C IS , fig. 3.

N u cn la  sp., {Stoliczka, M em . G eol. Surv. I n d Vol V, 1866, p. 90.

This remarkable species is represented by a single internal cast from Gieumal.
It is of small size, fairly strongly convex, almost equilateral. Its length is 

about 10*6 mm;, its height 7*5 mm., and its thickness 5*5 mm. The cardinal 
margin only exhibits a most feeble degree of curvature. It is practically rectilinear 
throughout its whole extent and there is no angular bend at the junction, o f its



pre-umbonal and post-umbonal portions. In  an oral direction the dorsal margin 
passes into the anterior margin by  means o f shallow curve. The anterior margin is 
unfortunately to a large extent missing. Its ventral portion combines with the 
ventral margin so as to constitute a continuous, regular, fa irly  shallow arc-shaped 
curve. Prom  the general aspect of the specimen, the pre-um bonal portion of the 
shell seems to have been very little, if at all, more elongated than the post-umbonal 
one, though distinctly taller.

The shell is fairly convex both in a dorso-ventral and oro-anal direction. There 
is neither lunula nor area.

The umbo is small and extends very little beyond the cardinal margin. I t  is 
directed approxim ately medially and is only very slightly deflected inwards in  a 
horizontal direction. W hen the shell is viewed from  the flank, the umbo exhibits 
the shape o f an obtuse triangle with rounded-off apex. Viewed dorsally, the termi­
nal portion o f the umbo seems very obtusely and broadly rounded. W hen viewed 
from  the anterior side, the dorsal surface o f the umbo appears almost horizontal for 
a certain distance and does not slope medially until quite close to the apex.

The surface o f the cast is perfectly smooth without any distinct impressions of 
the muscular impressions or of the pallial line and without any indication of 
concentric or radial ornaments. Except along the cardinal line, the margins of the 
cast are everywhere grooved by a very shallow concavity, scarcely 0*5 mm. wide.

The impression of the hinge apparatus is fairly well preserved. The impression 
o f the cardinal ridge constitutes a narrow furrow extending fo r  a distance o f about 
3 2 mm. on the oral side of the umbo, and o f about 2’3 mm, on the anal side. 
Towards the middle of the cardinal line the impressions o f the teeth are rather well 
preserved. The pre-umbonal portion of the cardinal m argin bears at least 15 small 
teeth (the exact number cannot be quite ascertained). The post-umbonal portion 
bears about nine which are distinctly larger than the anterior ones. I  have been 
unable to observe any teeth in the portion o f the cardinal m argin situated im ­
mediately between the umbonal apices w hich are not clearly exposed.

Nuoula Dieneri belongs to a group of species which is represented by a whole 
series of forms in  the Jurassic of Europe. The species described by Borissjak as 
Numla cf. subovctlis G oldf. from the Bajocian of the Donetz appears to me very 
similar. (Nuculid. der Jura ablag. des europ. Russland, Mem. Com. Geol. St, 
JPiiersbcm'g, new series, fasc. 11, p. 41, PI. I I , fig. 13).

Genus: L eda, Schumard.

L ed a  spec. PI, X G IX , fig. 4
This species is represented by a solitary badly preserved internal cast which was 

obtained between Chidamu and the Kiangur Pass.
The illustration gives an idea of the outline o f the shell, though the anterior 

margin in its upper half exhibits a stronger and more regular convexity than would 
appear from  this figure. In  the post-umbonal part of the shell the margins are not



intact. The shell is feebly and regularly convex. The umbo is low and o f 
moderate size. The- cardinal margin is not visible. The ornamentation o f the cast 
is restricted to a few  very shallow unequally developed striations o f growth. The 
specimen cannot be more exactly described owing to its poor state o f preservation.

L e d a ? sp.

Another solitary cast which is very incom pletely preserved probably also 
belongs to the genus heda but is nqt in any way identical with the foregoing 
species. I t  bears no record of its original locality.

The specimen is o f small dimensions. It is rather strongly convex and greatly 
elongated in  an anal direction. The margins are broken almost throughout their 
wiiole length. The anal portion o f the shell is contracted. The umbo is situated 
approximately at the anterior third o f the shell; its terminal portion is not visible. 
"With the exception of a few very indistinct striations o f growth, the cast does not 
exhibit any ornaments. The muscular scars and pallial line are not visibla

Genus: A kca, Lamarck.

A rca  (C ccttciLaba) E gertoniana, Stoliczka. PL X C V , figs. 1-10.

A rea  sp*, Herbert Glean, in  So., V ol H I, 1831, p. 272, PL X V II, 6,
Area sp, Everest?, Asiatic Researches, Vol. XVIII, PL 2,1833, p. 114, PL H , fig, 27,
C ueullcea virgata> EL P. Blanford, Jozirn. A s  S oc♦ B en g., 1863, p, 136 ; non  So werby Trans. GeoL Soc.

L ondon , 2nd ser,, YoL Y, PI X X II, fig, 1,
M acrod on - JSgertomanum  Stoliczka, M em . GeoL Swrv. 2nd., YoL Y, 1866, p. 89, PL Y III, fig, 7.

The available material includes fifteen more or less satisfactorily preserved 
specimens all with the shell completely preserved. In  most cases those specimens 
in  which both valves are united are greatly distorted, and almost invariably 
compressed in  a dorso-ventral direction.

The shells exhibit a relatively strong convexity and are greatly elongated in 
an anal direction, so that in  full-grow n specimens the post-umhonal part of the 
shell is often more than three times the length o f the part situated in front o f the 
umbo. The rectilinear hinge margin connects with the anterior margin at a dis­
tinctly acute angle, which in on ly a few specimens becomes a right angle in  
consequence of a truncation affecting only the extreme end o f its anterior 
extrem ity. The anterior margin exhibits a shallow curvature and passes gradually 
into the lower margin without any distinct point of separation. In  full-grown 
specimens the lower margin is almost straight throughout a considerable distance; it 
trends obliquely backwards and downwards so that it diverges considerably from the 
direction of the. cardinal margin. The low er.m argin of the left valve always- 
occupies a somewhat inferior position relatively to that of the right valve. In  the 
case of well-preserved full-grown specimens the oblique rectilinear posterior margin 
converges with the hinge-line at an angle o f 120° to 130° which is truncated- by a



-short curvature only at its. extreme summit. The degree o f convexity doe3 not vary 
m uch: an isolated left valve 48 mm. long has a depth of 18 mm., while in  the case 
o f another valve 47 mm. long, the depth is 15‘5 mm. W hen the shell is viewed 
from above, the outline of each flank exhibits the shape of a curve whose maximum 
convexity is in  the middle, while it flattens out quickly towards the oral and anal 
extremities. W hen the shell is immature, its anterior portion, as seen from  above, 
is drawn out in  the shape of a beak. In  fu ll-grow n specimens it is more or less 
broadly truncated, the truncation appearing either as a very obtuse angle or quite 
flat. The anal term ination always appears sharply pointed. The umbo is 
moderately involute at its ap ex ; it is of moderate size and obliquely deflected 
forward and inward.

The ligam ental area varies a great deal in  breadth; in  one specimen of an 
isolated right valve with a length o f 48 mm., its breadth measured on the inside of 
the umbo, is 8 mm., while in  another specimen of almost equal dimensions (length 
47 mm.), its breadth is on ly 6 mm. In  its middle region the area is quite flat and 
horizontal, while, towards its margins in the region of the um bo, it exhibits, in the 
case of full-grow n specimens, a pronounced slope, so that the apex of the umbo is 
raised about T 5 mm. above the level of the median portion of the area. The 
margin of the area assumes more or less the shape of a sharp edge. The pre-um- 
bonal portion of this marginal edge is always move or less obtuse and after a pro­
longed almost rectilinear course, it is abruptly inflected inwards so that, in fu ll- 
grown specimens, the ligam ental area always more or less exhibits a broad trans­
verse truncation. The truncated portion may attain a breadth of 4 mm., as 
measured across one valve near the umbo the pre-um bonal margin of the area is 
distinctly raised above the floor o f the area. The post-umbonal m argin o f the area 
follows an almost rectilinear course almost parallel with the hinge-line up to a dis­
tance o f about 21 mm. from  the um bo, beyond which it gradually approaches it  
and finally converges with it. The angle o f convergence, in  the case o f full-grow n 
specimens, is 75°. In  the case o f full-grow n specimens the post-umbonal margin of 
the area is distinctly raised above the floor o f the area as far as a distance of about 
18 mm. from the umbo, the distance between its crest and the floor of the area 
amounting to about 1*8 to 2 mm. in the immediate neighbourhood of the umbo. 
This post-um bonal marginal edge is sometimes very sharply angular, but in  the 
m ajority of cases the angle is more or less truncated. The ornam entation o f the 
area consists of fine striations bending at an angle on the inside of the umbo, and 
trending backwards and forwards towards the hinge-line which they meet at an 
angle of about 20°. The points of inflection of successive striations form  a straight 
line trending somewhat obliquely inwards and backwards. These ligam ental stria­
tions do not occupy the entire surface o f the area, but are separated from  its margin 
by a zone o f varying width which shows nothing but the norm al lines o f growth. 
In  the post-umbonal part of the area this marginal zone has a maximum breadth of 
1*7 mm., its inner boundary is quite sharp and runs in equal distance from  the outer 
marginal rims of the area fa irly throughout its whole extent. In  the pre-um bonal



part o f the area this inner border m ay either run parallel w ith the outer m arginal 
rim  o f the area and share in  its curvature, (fig. Id.) or else it may follow  an almost 
rectilinear oblique trend towards the anterior end of the hinge-line. This disposi­
tion is observed principally in  specimens with a relatively narrower area and, when 
this is the case, the m arginal zone, characterised by the presence o f lines of growth, 
instead o f form ing a continuous border of approxim ately constant breadth, consti­
tutes a very obtuse triangle (fig. Be). "With a sufficiently abundant material, both 
extremes would be found connected by every possible interm ediate gradation. One 
o f these interm ediate types is illustrated in fig. 9.

The structure o f the h inge is visible in  two isolated left valves and in  the anal 
portion o f one right valve. In  the case o f the left valve the anterior portion o f the 
hinge exhibits two powerful ridge-shaped teeth separated by a furrow  w hich 
gradually contracts in  an anal direction. The uppermost of these teeth is parallel 
with the upper m argin o f the hinge-plate and is separated from it by a narrow 
furrow, while the low er tooth is somewhat obliquely disposed and converges notice­
ably in  an anal direction towards the upper tooth. In  the case o f one specimen, 
which, in  the middle part o f the hinge, is unfortunately in a poor state o f preserva­
tion, the upper tooth can be follow ed backward almost as far as the umbo, while 
the lower tooth disappears m uch sooner and attains a length of not more than 4 '6  
to 5 mm. in the case o f valves 47 to  48 mm. in  length. Both teeth approach with­
in V mm. o&the anterior margin. The lower tooth is best developed at its anterior 
extrem ity and loses gradually in  breadth and height when follow ed backward. 
One o f the specim ens shows indications o f a third tooth situated on the ventral 
side of the second tooth, in  the shape o f a short very oblique edge-shaped protuber­
ance. The posterior portion o f the hinge, in the left valve, also shows two power­
fu l ridge-shaped teeth converging in  an oral .direction. The upper tooth is separa­
ted from  the lower one by a deep furrow  which gradually contracts an teriorly ; it  is 
parallel to the upper m argin o f the hinge-plate and is separated from  it by a narrow 
and shallow furrow. Below  the lower dental ridge there is still a rather narrow 
and shallow dental furrow . The middle portion o f the hinge is unfortunately very 
much weathered in both specimens. The hinge o f the right valve is preserved only 
in its anal portion in the case of one fu ll-grow n specim en (fig. 10). I t  exhibits 
tw o pow erful perfectly horizontal parallel dental ridges, o f which the upper one can 
be follow ed forward for a distance of 14 mm., while the lower one disappears much 
sooner. In  a specim en whose total length is 55 mm., the groove separating the 
dental ridges ceases to be distinct after a distance of 9 mm. W hen follow ed to­
wards its anterior end, gradually contracting in  an oral direction. On the ventral 
side of the lower horizontal dental ridge; there also occurs one short oblique dental 
ledge, extending for a total length of 4 ’5 mm. and separated from the adjacent 
dental ridge by a dental furrow  w hich becomes gradually contracted as it trends in 
an oral direction. The flanks o f the dental ridges in  both valves bear fine crowded 
transverse w rinkles w hich are perfectly plainly visible even with the naked 
eye.



The.posterior portion o f the shell displays an elongated triangular field -sHghtly 
excavated in  a transverse direction and divided off from  the flanks o f the by  
means o f an edge which trends very obliquely from  the um bo towards the lower 
com er of the shell This rim  which extends downwards with, a shallow convexity 
is very pronounced in  the umbonal region where its crest-line is almost rectangular ;  
it gradually flattens out posteriorly. In  the case o f full-grow n specimens the anal 
portion of the field is almost flat.

The ornamentation o f the shell includes 'both concentric and radial ribs. The 
concentric costation consists of m ore or less wide-spaced ribs, which are especially 
distinct in  the middle of the flanks, while they gradually dwindle in an anterior 
and posterior direction. They usually have more or less the shape o f a coil, or else 
they may be narrower and -more or less distinctly roof-shaped and very irregularly 
spaced, or else they constitute step-like interruptions in the slope of the shell h r  
which case they succeed one another very regularly and at regular intervals. The- 
breadth of the concentric ribs varies considerably: there is every gradation from  
coils with a breadth o f 1*6 mm. down to- the finest striations of growth. M any 
specimens are without say-distinct concentric ribs and only exhibit delicate striae o f 
growth. Near the umbo the concentric ribs are always very fine or totally absent.

The radial ornam entation varies considerably. In  all the available specimens 
the right valve has its jibs distinctly or considerably finer than the left valve, es­
pecially in  the regions furthest removed from  the umbo. In  the region o f the 
umbo the ribs almost always exhibit the form  o f a shallow roof. On the left valve 
they gradually thicken distally and assume the shape o f more or less pronounced 
coils which are more raised at their intersections with the concentric ribs than in  
the intervening portions. On both valves the radial ribs attain their maximum 
thickness in  the posterior half of the flanks. Towards the oral side o f the shell the 
intervals between successive ribs becom e gradually greater, so that the pre-umbonal 
portion of the flanks usually carries only 3 or 4  wide-spaced ribs. The number of 
flank-ribs varies in  the available specimens from  12 to 16. A lternating with these 
main ribs, one observes in the case o f many o f the specimens a set o f secondary ribs 
which disappear in  the um bonal region, and are considerably feebler than the m ain- 
ribs. There are usually two, or rarely on ly one o f these secondary ribs in  each 
main interval. Occasionally the secondary intervals themselves hear one or two 
additional ribs which) are usually still finer than the secondary ribs, though they are 
sometimes scarcely feebler. W hen this happens there rciay result a system o f 6 or 
6 fine ribs between every other main rib. This interstitial ornam entation may 
occur on’ both valves, yet it is rather exceptional, for the m ajority o f specimens do 
not exhibit any indication of intercalary ribs between the main ones.

In  the triangular field on the post-um bonal part o f the shell besides the strongly 
marked growth striations, one observes only three or four radial ribs which are 
indeed very feeble and distinctly visible on ly near the um bo. In  an isolated left 
valve with exceptionally prom inent sculpture, these ribs rem ain distinct up to a 
distance o f  60 mm. from  the um bo towards the anal portion. Another isolated left



valve exhibits feeble though distinct secondary ribs in the two lowest interstices of 
.the field.

The species is represented by a number of specimens, some of which are 
-without any record .of their origin, while others are labelled “  Gieumal,”  and 
“  Spiti valley ”  (figs. 3, 6). One of the specimens from  the Schlagintweit collection 
in  Munich is labelled “  K i (S piti).5>

Area Bgertoniana is not closely related to any other known species. In  many 
characters it recalls Cucullcea virgata Sower by from Kachh, [Trans. Oeol. Soc. 
London, 2d ser., Yol. V, PL X X II , fig. 1), and Cucullcea Lasti G. M uller (Jura 
Kreide D. O. A frika, p. 20, PL X V II , fig. 1). Nevertheless it is improbable that 
there can be any close genetic connection between A. JZgertoniana and either 
of these species. The excessive posterior elongation of the shell, its much feebler

• convexity, the less crowded radial ornamentation, etc. easily distinguish A . JSger- 
toniana from either o f the above-named species.

According to H. Bullen Newton [Oeol. Mag., 1896, p. 294*) Area JEJgertoniam 
occurs also in Somaliland. The African specimens are said to agree entirely with the 
Indian ones. According to H. B. Newton and G. G. Crick, it occurs also in Arabia,

G enus: Trigonia, Bruguibre.
Trigonia spitiensis, nov. tp. PI. X C IX , figs. 5, 6.

T rigonia  costata  Stoliezka, M em . G eol. S u rv. In d . Vol. V , 1866, p. 9 0 ; non  Sowerby.

The species which belongs to the group of Tr. costata is represented by two 
right valves, unfortunately in a poor state of preservation, which were obtained in 
Spiti at Gieumal.

The shell is moderately convex and of small size. In  one of the specimens 
the length is 33 mm., the height 29 m m .; in the other these dimensions are respect­
ively 29’5 mm. and 25‘5 mm. The shape is broadly triangular. In  its upper half 
the anterior portion of the shell is truncated by an almost perfectly rectilinear 
margin which trends downwards with a broad curvature into the very shallow

• convexity of the lower margin. The portion of the ventral margin situated close 
to the carinal ridge and anteriorly to it exhibits a slight notch in  the shape of a 
.shallow re-entering angle.

The short bulky umbo is anteriorly situated and only moderately incurved.
The area is divided off from  the flanks by a very prominent marginal carina 

'w hich exhibits a feeble and regular curvature. This marginal carina becomes 
thicker distally and bears bulky tubercles greatly elongated in a transverse direc­
tion.. Their size increases conspicuously as the series is followed downward. These 
tubercles are more crowded than the concentric ribs ornamenting the flanks, so that 
in the middle part of the shell three ribs correspond to four tubercles. The flanks 
bear bulky, concentric, relatively wide-spaced ribs which are only slightly curved 
and which do not quite reach the marginal carina which is consequently bordered 

- anteriorly by a space bare of ornam ents; the width of this space is about 
1-3 mm. in the middle portion of the shelL The concentric ribs are alm ost' parallel



with the lines of growth w hich they distinctly intersect only at their anterior ex­
tremity where they trend towards the anterior m argin at almost a right angle. The 
concentric ribs are very ' crowded in the umbonal region ; as they recede from  the 
umbo the width of the intervals gradually increases and at a distance of 8  mm, 
from the umbo, the intervals, in the middle of the shell, already amount to  2 m m . 
The structure of the posterior termination of the concentric ribs is especially inter­
esting. Unfortunately it is observable on only one of the specimens (fig. 6 ) and 
even then is hot sufficiently perfect to be quite intelligible. Up to a distance of 
12*6 mm. from the umbo, the posterior termination of the ribs seems quite rectili­
near and they appear to become lost into the bare zone without any change o f 
struesure. The follow ing rib-term ination, at a distance o f 14*5 mm. measured" 
along the bare ante-carmal zone, when examined under a suitable illumination al­
ready show traces of a feeble dorsally directed inflection, which, in the follow ing 
rib, becomes already much more distinct. The latter becomes gradually reduced 
in height and thickness at its extrem ity, and reaches much further bach than the - 
previous ones towards the ante-carinal zone (which, however, is due partly at least 
to its better state of preservation), and it exhibits a very distinct dorsally directed 
shallow inflection. The next rib is very badly preserved, though a careful exam ina­
tion still reveals traces o f the dorsally directed inflection. The follow ing ribs are 
not in  a sufficiently good state of preservation to afford any further indications in  
this respect, and this is unfortunately the case with the second specimen also. 
Nevertheless, these scanty indications lead us to. the conclusion that, in all proba­
bility, the anal terminations o f the ribs exhibited a curvilinear deflection which 
however is not observable in  the upper part of the shell where it probably, in  fa c t ,. 
did not exist.

The ornamentation of the area, unfortunately, is observable only in one speci­
men and even then only in  its lateral portions. In  the preserved portion it consists 
o f very delicate radial ribs bearing slightly raised crowded granulations. These 
granulations, and their interspaces, gradually increase slightly in  size as they recede 
from  the um bo; at half the height o f the shell there are 7 granulations to an inter­
val o f 6 mm., while in the lowest part of the area, the same interval includes only 
6. In  consequence of the very regular spacing of the granulations, they constitute 
regular transversal series conform ing to the direction o f the lines o f growth, and 
trending obliquely inwards and upwards in the form  o f a slanting trellis. The 
granulated ribs are very close-set, diverging gradually and regularly in a distal direc­
tion. A t a distance o f 17 mm. from  the umbo, measured along the marginal carina, 
the interval between the fifth  and innermost distinct granulated ridge and the 
crest of the carina is 4*2 mm. this interval being measured along the lines o f growth. 
The interval between the outermost granulated ridge and the crest of the carina is 
about double that between successive-granulated ridges. The hinge and the irternal 
features are not accessible to observation in the available specimens.

This species belongs to a small group o f Closely related forms represented in 
India by Trigonia brevicostata H itch., distincta H itch., dhosansis H itch., and.mfida



K itch ., a ll from  the Chari group, and in  Australia by Tr. Mo&rei Lye., w hile the 
other Jurassic regions have not yielded, so far, any closely analogous type. Prom  
Tmgoma dhoscensis H itch., a species of the Upper Chari beds (Jur. Faun. Cutch, 
Gen. Trigonia, Pal. Ind. Ser. IX , Y o l I I I , Pt. 2, p. 29, PI. I l l ,  figs, 1, 2), Pci go- 
ma spifiensis is distinguished by its somewhat different shape, much feebler 
convexity, narrower ante-carinal zone, feebler indentation at the lower margin o f 
the shell, more crowded ornam entation o f the marginal carina, apparently still more 
delicate ornam entation o f the area. From  the sim ilarly closely related Tr. brevi- 
eostata H itch. (1. <?., p. 23, PI. I I , figs. 4, 5) from  the Low er Chari beds, the Spiti 
form is distinguished by a somewhat different shape, a m uch feebler curvature of the 
concentric ribs, a narrower ante-carinal zone with a smaller indentation at the lower 
margin of the shell, wider spacing and greater bulk o f the tubercles on the marginal 
carina, and apparently more delicate ornamentation o f the area. A s regards the 
ornamentation of the marginal carina, T r, spitiemis occupies an intermediate posi­
tion  between the two species from  K achh.

Genus.: A s t a b t e , Sowerby.
The Spiti shales exhibit a remarkably rich development o f the genus Astarte 

both as regards individuals and species. A ll the specimens have their shell 
preserved.

The distribution o f the rich  material into separate species presents certain 
difficulties. • I t  appears to me that there are four species readily distinguishable by% 
means of the)# shape and their degree o f convexity. Nevertheless there also occfir 
individuals exhibiting certain intermediate characters.

Two of the species appear to  be represented in K achh by closely .related or 
identical form s. These are Astarte^ pLermanni w hich is perhaps identical with 
A . unilateralis Sow. from  K achh and A. Sowerbyana w hich seems very closely 
related t t  A, major Sow. (non Z iet.) also from  Kachh. U nfortunately I  have not 
been able to examine any specimens from  Kachh and it is impossible to identify 
the fossils' with absolute certainty by means of Sowerby^s illustrations and descrip­
tions. The Spiti species of Astarte are not clearly related to any extra-Indian forms.

A stahte H ekmanni, Oppel. PL X C IX , figs. 7 -11 ,14 .
A sta rte  E erm an n i Oppel, Palseont MitteiL, 1 , 1865, pp. 273, 297x>
A s ta r te ? u n ila tei'a lis J. de C. Sowerby, T ra n s . G-eoL S oc. L on d on , 2nd sei%, V ol V, 1840, PL X X I, 

f ig .14
A sta rte  u n ila tera lis  Salter in  Stiachey s Pal of 1865, p. 97, PI 23, fig. 19, cm Sow.?
A sta rte  u n ila tera lis  Stoliczta, M em . G-eoL S u rv. In d ., VoL V, 1866, p. 90, an  Sow, ?

This species is represented by a large number of specimens. Most of them are 
without any record of the locality from  which they were obtained, but a few  are 
labelled “  Chikkim  **,

1 The following referenoes probably also apply to this species t—
U nio ? and T rigon ia  ? Herbert and Everest, Grlcanings in  S cien ce, VoL III , p. 272, P I  X V II, fig, 4a, b% 

(1831).
U n io ?*Everest, A sia t. H esea rd f., V o l X V III, Pt, 2, 2833, p 114 P L II , fig. 26.
A s ta tic  J a n a ta  Sow. war. J . de 0. Sowerby, A sia t. R esea rch ., V ol X V III, Pt. %  1833, p. 278.
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Astarte Hwmarmi is distinguished from all the other species of the Spiti shales 
by its-relative dimensions which are as follows :—

Length. Height. Thickness.

37-0 mm. . 0 . 28*5 mm, ♦ • . 17*0 mm.
34-5 v • ♦ . . 29-0 • t , 16*0 „
40-5 • . 31*5 )> • • . 17*5 „
13-0 » . 29-5 » * . 19*5 „
49-5 )9 * • r . 37*0 • . 23-5 - „
51-0 9) * . 39*0 9) • • . 24*0 „

The shell is greatly elongated in an anal direction, and very convex. The 
faithful illustrations give an excellent idea of its outline. A  flank view of 'most of 
the specimens reveals a characteristic posterior wedge-like contraction of the shell 
which is either absent or at least Jess pronounced in all the other Astarte species of 
the Spiti shales. The straight ligamental margin is connected by means of a very 
shallow curvature with the anal margin. The anal margin in its dorsal portion 
display^ generally a very shallow curvature, while its ventral portion is nearly always 
much more convex, and unites by means of a'continuous curve with the shallow arc­
shaped trend o f the ventral margin. ~ The-anterior margin in its ventral half forms 
a fa irly  prominent convexity, while in*the region of the lunula it is excavated by a 
shallow concavity. The umbo is situated in the anterior part of the shell; it projects 
only slightly beyond the cardinal margin. A t the apex o f the umbo the marginal 
limbs of the lunula and area converge at an angle of 100° to 120° which is rounded 
off only at its extreme summit. The medial surface of the umbo slopes inwards 
almost vertically. In  the case of well-preserved full-grown specimens, the interval 
between the umbonal apices of opposite valves is about 1 mm.

The elongated ligamental area extends for nearly two-thirds of the entire 
length of the shell Its greatest breadth coincides with the middle of its course or is 
situated slightly anteriorly to it, while it contracts gradually and regularly in an 
anterior and posterior direction. In  the case of one specimen, whose total length is 
49'5 mm., the area has a length of 32’5 mm. and a maximum breadth of 75  mm. 
In another specimen with a length of 37 mm., the area has a length of 24 mm. and 
a breadth 5'8 mm. The ligament is sunken into the anterior part of the area ; in 
all the available specimens, it either does not reach the middle of the area in an 
anal direction, or only just oversteps it. On either side of the ligament, the floor of 
the arpa rises outward. The surfaces of both halves of the area are perfectly plane 
and their angle of slope is very feeble at the anal end of the ligament while it be­
comes gradually steeper towards the umbo. Beyond the anal extremity of the liga­
ment, the slope continues to flatten out gradually till the two halves of the area 
come to assume an approximately or completely horizontal position. The left half 
o f the area is always situated a little higher than the right one. because the left 
cardinal margin always slightly overlaps the right one. Near the umbo the area is 
bounded by a sharp edge which gradually becomes truncated as it trends in an anal 
direction, until it becomes very much rounded off. Internally to this marginal rim



there follows a very narrow marginal zone which slopes inwards at a somewhat 
steeper angle than the medially sloping floor o f the area and is divided off from  it by 
an obtuse re-entering angle. It  is only in  the immediate neighbourhood of the 
umbo that, in consequence o f the steep slope of both halves of the area, this 
marginal zone ceases to be appreciable. This steeply sloping marginal zone is 
distinctly developed on the right valve up to the extreme posterior end on the area 
or nearly so, its breadth, at its posterior end, amounting to about 1 mm. in the case 
o f full-grown specimens. This feature constantly shows a somewhat different 
development in  the case o f the left valve. The marginal rim in the left valve 
constitutes a distinct edge only for a short distance from  the um bo; as it trends anally- 
it becomes much more rounded off than in the right valve. The steep marginal 
zone adjacent to the rim  is distinctly visible only albng the proxim al half of the 
area in the left valve of full-grown specimens and becomes completely obliterated 
in an anal direction, so that the horizontal floor o f the posterior portion of the area 
merges directly by means Qf a shallpw curvature into the flanks of the valve, while 
on the right valve the flat surface is bordered externally by the sloping marginal 
zone.

The shape o f the lunula is more or less broadly oval with uppejr and lower 
pointed terminations. Its inner portion appears but slightly concave both in a 
dorso-ventral and medio-lateral direction. In  the neighbourhood o f the umbo the 
lunula is bordered by a sharp angular edge which ventrally gives place to a shallow 
curvature. This marginal rim  o f the lunula varies considerably. In  several speci­
mens the marginal rim trends obliquely downwards in an almost rectilinear course 
for 8 mm. from  the umbo, and, throughout this distance it has the form of a sharply 
angular edge; in  its further course it suddenly assumes a gradual curvature towards 
a medio-ventral direction, and its crest becomes greatly truncated. In  other speci­
mens the marginal rim o f the lunula exhibits a more or less pronounced and often 
somewhat irregular curvature even in its uppermost portion and does not become 
distinctly sharply angular except quite close to the umbo, while ventrally it becomes 
quite rounded off. Between these two extremes one observes every intermediate 
gradation.

The ornamentation consists o f concentric ribs which, in  the umbonal region o f 
well-preserved specimens, are always sharply angular and keel-shaped and are 
disposed at approxim ately regular, gradually increasing intervals. In  a ventral 
direction, and at a varying distance from  the umbo, these ribs gradually assume the 
character of flat, shallow folds, disposed at irregular intervals and irregularly 
alternating in their amount of relief, sometimes even becoming completely 
obliterated and replaced by irregular more or less distinct striations of growth. 
Amongst the available specimens, the sharp angular concentric ribs extend at 
most to a distance of about 12 mm. from the um bo; in certain specimens this 
character subsists only to a distance o f some 4 mm. from the umbo, beyond which 
there follows an unornamented zone some 4 or 5 mm. broad bearing nothing but 
some excessively delicate striations of grow th: this form of ornamentation is also-



observed, in  certain specimens o f A . spitiensis Stol. (see PT 0 , fig . ^)* Tbe 
ornamentation does not extend over the floor of either the lunula or the area, as it 
becomes obliterated on reaching their outer margins. Near the um bo where the rim 
o f the lunula and area assumes the form  of an angular edge, the ribs are suddenly- 
interrupted on reaching the angular m argin. W here the rim  is rounded instead 
o f angular, the concentric sculpture oversteps its border and, in the right valve, 
Teaches m edially as far as the indentation form ed by the junction of the narrow 
steeply sloping marginal zone w ith the floor o f the area. In  the le ft valve the 
ornam entation also oversteps the crest of the marginal rim.

The hinge is not visible in any o f the specimens, though it probably agrees 
with that of A. spitiemis. The inner margins o f the valve are serrated throughout 
their whole extent with the exception of the cardinal m argin. The serrations are 
very strongly developed along the ventral m argin : in those specimens where it is 
most pronounced there are about 9 teeth to an interval of 10 mm. Dorsally the 
serrations gradually become m uch finer.

A stabte So w ebbyan a , nov. sp. PI. X O IX , figs. 12, 1 3 ,1 5 ; PI. 0 , fig. 1.
? A sta rte  m ajor J . de C. Sowerby, T ra n s. G eoL  S oc. L ondon , 2nd ser., V o l Y a 1840, PL 61, fig. 1 ; non  

Ziethen, Verst. Wurttemberg.
? A sta rte  m ajor H. F. Blanford, J ou rn . A s . S oc. 'B engal, X X X II, 1863, p. 134, an  Sow, P
A sia r te  m ajor Stoliczha, M em . G eoL  S u rv . In d ^  Vol. V, 1866, p. 91, an  Sow, P

This form  is extraordinarily similar to Astarte Hermanni from  w hich it is 
^distinguished m erely by its different degree of convexity and the difference in shape 
o f the shell. The convexity o f A. Sowerby ana is feebler, and the shell is much 
more elongated anally than in the case of A. Hermanni. The follow ing dimensions 
were measured on various specimens :—

Length. Height. Thickness.
40 0 mm. • , 300 mm. 160 mm.
48-0 „ . • . 36*0 „ 17-5 „
48-5 „ • • • 36*5 ,, ? „  2
55*0 „ ♦ * .• 410 „ 210 „
67-6 „ « . 42*5 „ ? „  2

In  most specimens the characteristic feature o f the outline is the m erging of 
the anal margin together w ith the dorsal and ventral margins into one continuous 
strongly convex curve. The wedge-shaped contraction that characterises the 
posterior contour of the shell in  A . Hermanni is m uch less pronounced. In  every 
other particular the fossiJ agrees exactly w ith A. Hermanni w ith which it is no 
doubt closely related genetically. The specimen represented in  fig. 12 is in  m any 
respects intermediate between both species. The hinge is visible in  the case o f the 
left valve represented in PI. X O IX , fig. 18. In  a ll essential characteristics it  agrees 
with that o f A . spitiensis Stol. described below.

1 This disposition is correctly shown only in fig. 7 a ; figs. 7b and c fail to give so correct an impression o f the 
appearance of the costation in the iimbonal region.

2 The specimen is flattened out.



Some o f the specimens o f Astarte Sowerbycma are from  K ibber and Chikkim j 
the rem ainder are without any record o f their occurrence.

A s t a r t e  s c y t a l i s , nov. sp. P l. C, figs. 2, 3.

This species is represented by two specimens without any exact record of their 
origin. They are distinguished from  A. Sowerhyana owing to their m uch more 
pronounced convexity and at the same time their more elongated shape. Prom 
A. Bermarmi w ith which they agree as regards the degree o f convexity, they are 
conspicuously distinguished by their m uch more elongated shape w hich gives them 
a very distinct appearance. The dimensions of the tw o specimens are as fo llow s:—

Length. H eight Thickness.

50 mm # 9 • • * • 35 mm. 22*5 mm.
51 „ . . 0 • • • • 36 ,, 24*5 „

The anal m argin is either perfectly regularly rounded and connected by a 
continuous curve w ith the dorsal and ventral margins, or else it exhibits an increase 
o f convexity both in  its lower half and at its junction w ith the dorsal margin. The 
lunula is m uch more deeply concave than in  the foregoing species. In, every other 
visible character the fossil agrees exactly w ith A. Hermcmni and A. Sowerbycma.

A s t a r t e  s p i t i e n s i s , Stoliczka. PL 0 , figs. 4s-8.

A sta r te  sp itien sis  Stoliczk*, M em . G eo l. S nv> In d ., Vol. V, 1866, p. 91, PL IX , fig, 9.
A sta rte  h iem alis Stoliczka, l* <?., p. 91, Pl. IX , figs. 2, 3.

Astm'te spitiensis agrees closely w ith A. Sowerbycma as regards the convexity 
o£ the shell, but is nevertheless distinguished- frorir all the preceding form s owing to  
its different outline. The shell appears decidedly/higher than in  the case of the 
foregoing species, w hich produces the effect o f com m unicating to it an unusually 
rounded outline. The relatively strongly arched ventral m argin is connected by a 
very regular curvature w ith the oral m argin and with the strongly convex regularly 
curved anal m argin, the latter passing into the dorsal margin, usually by means o f 
a shallow curvature, or, rarely, through a somewhat more decided convexity. The 
dimensions o f a series o f specimens are as fo llow s:—

Length. Height, Thickness.

41*0 mm. ........................................................................ 34*0 mm. 17*5 mm.
44*0 ,, • • • « • « . •  35*0 „  P jj ^
57*0 „  .    49*5 „  c ir c a  22*5 „  1
*>7 5 „  • • * • « ♦ • • 50*o 23*5 ^

1 The specimen is flattened out



As regards the sculpturing o f the shell, and also the features o f the area and 
lunula, the form  exhibits the same variations as A . Hermanni.

The structure o f the hinge is accessible to observation in  several specimens. 
The left valve exhibits tw o large cardinal teeth directed very obliquely backwards 
and enclosing a deep socket in  which fits the unusually large posterior cardinal 
tooth o f the right valve. The small anterior cardinal tooth o f the right valve con ­
sists o f a rounded or only slightly elongated protuberance and corresponds in the 
left valve, with a moderately deep socket bordered, towards the oral margin, by an 
inconspicuous rounded, extrem ely flat, sometimes scarcely appreciable lateral tooth. 
Posteriorly the hinge region of the left valve exhibits, immediately below its upper 
margin, a relatively shallow uniform ly depressed furrow, not reaching nearly so far 
back as the area, and term inating, towards the umbo, on a level with the posterior 
part of the ligam ent, into which fits a flat lateral tooth o f the right valve.

I  have examined the original type-specimen of Stoliczka’s A. spiiiensis. The 
triangular shape which this specim en exhibits, and which Stolicjzka considered to be 
the most im portant character o f his species, clearly results from  the mode o f preser­
vation of the specimen, the lower margin of which is damaged by a fracture o f 
considerable extent. The course of the lines of growth indicates that the specimen 
must have exhibited originally a rounded outline.

A. hiemalis Stol. was established upon an immature specimen o f A. spitiemis. 
The type-specimen, which I  have had re-figured in PI. 100, fig. 6, is characterised by 
very closely packed concentric ridges. The specimen also exhibits the interior o f 
the sh e ll: the muscular impressions are o f oval outline, the anterior impression 
being distinctly smaller and decidedly deeper than the posterior one. The pallial 
line is not distinctly shown.

The exact locality of the specimens has not been recorded.

G enus: Pletjbomta, A g.

P nEtrnOMTA spitiensis, n ov . sp. P I, S O I V ,  fig . 4

The solitary specimen bears the follow ing la b e l: e< U pper Spiti shales (Etage 
III), Locham beikichak E. G ,”  I t  is in the state of an internal cast, a considerable 
portion o f w hich still carries the extrem ely thin inner shelly layer, while only a very 
small fraction still bears a remnant of the middle shelly layer which is also thin 
though distinctly thicker than the inner layer.

The shell, as may be seen from the full-size illustration, is of moderate dimen­
sions, conspicuously inflated, very inequilateral, greatly elongated in an anal 
direction. The dorsal margin is almost all broken. The posterior margin exhibits 
a shallow convexity and merges with, a shallow curve into the very feebly and 
continuously arched ventral margin. The anterior margin is broken.

The umbo is bulky, obliquely deflected inwards and forwards. Its apex is not 
visible. In  a. flank view  of the shell the dorsal outline o f the um bo appears rather

H



broadly truncated by  a somewhat oblique, very shallow curve. W hen the shell is 
viewed anteriorly a considerable portion o f the dorsal surface o f the umbo is observed 
to slope medially at a rather steep angle.

A n  exceedingly shallow rounded, feebly indicated edge trends obliquely bach- 
wards and outwards from the umbo, with a very feeble curvature and is lost before 
reaching the anterior third of the pOst-umbonal portion o f the shell W hen tbe 
shell is viewed dorsally, this edge appears to diverge from the ligam ent margin at an 
angle o f 35? to 40°.

The anterior portion o f the shell shows a broad flat lunula divided off from the 
flanks by means of a very distinct edge, whose course is fairly strongly curvilinear 
and whose crest is rounded-truncate. The maximum breadth o f the lunula is 
14'5 mm. Its ventral portion is unfortunately broken. About the middle o f each 
o f the two halves of the lunula there is an exceedingly shallow, truncated, rounded, 
radial edge, disappearing in  the neighbourhood o f the umbo, by the intervention of 
which the inner part o f the lunula with its gentle medially directed slope, is divided 
off from the almost flat marginal zone which slopes gentLy outward. A t about half 
the height of the shell this marginal zone has a breadth o f 4 -m m .; it contracts 
rapidly and regularly towards the umbo. The illustrations do not convey a very 
distinct idea of the appearance of the lunula, and in fig. 4m in particular, its laterally 
sloping marginal zone appears much too broad.

The ornamentation consists of coarse, irregular striations o f growth. W ith the 
help of a strong m agnifying glass, the excessively thin innermost shelly layer, where 
best preserved, exhibits a punctate appearance due to the presence of excessively 
delicate fairly thickly crowded, raised granulations.

The outline o f this species recalls the form  figured by M uller as PZ. c f.jperegi'ma, 
(Jura u. Kreide I). O. Afrikas, p. 14, PI. X V I, figs. 3, 4). I t  also recalls certain 
specimens of PZ. varians Ag. from  the Upper Jurassic o f Europa

Genus: Cosmomya, nov. gen.

COSMOMYA EGHBGIA, BOV. Sp. PL X C lV , fig . 3.

An isolated cast o f a left valve, showing the typical mode o f preservation of the 
fossils from  the Spiti shales, exhibits such exceptional characters that it cannot find 
its place in any hitherto known genus. I  haye found it necessary therefore to 
institute for jt  a new genus for which I  propose the name Cosmomya. The specimen 
is a cast without any trace of the original shelly substance. The ornamentation is 
very distinct, and yet there are no indications of the muscular scars: both these 
circumstances by their simultaneous occurrence indicate that the original shell must 
have been extremely thin. This feature, taken in conjunction with the other 
characters,, such as the general shape, the anterior position o f the inward incurved 
limbo, and the ornamentation which finds its closest analogy in* the genus Oeromya>



make it seem most probable that Qosmomya should be included within the group o f 
the Myarians.

U nfortunately the margins of the solitary, specimen are broken throughout 
their whole extent. The shell is fa irly  strongly and regularly convex both in a 
dorso-ventral and oro»anal direction. The region of greatest convexity is situated 
along a zone w hich trends at an angle o f about 45° from  the umbo towards the 
ventro-anal part o f the shell. The umbo is short, conically pointed at its extrem ity, 
its point being rounded off only at its extreme end. I t  is conspicuously flattened in 
a dorso-ventral d irection ; it  trends inwards almost horizontally. I t  points some­
what obliquely inwards and forwards, and its terminal portion is slightly deflected 
downwards. Its ventral surface, which has the appearance o f a vertically situated 
hollowed-out groove gradually flattening out in  an anal direction, is divided off from  
the adjacent portion o f the dorsal surface of the umbo by means o f a blunt edge 
which trends almost horizontally, and which very soon ceases to be distinct in  the 
pre-umbonal part o f the shell, but which can be follow ed w ith gradually decreasing 
relief, to a considerable distance from  the umbo on its anal side, Laterally from  
this edge, and diverging from  it at a very acute angle, there is a very shallow furrow 
which trends from  the apex of the umbo, and which gradually broadens out some­
what in  an anal direction, follow ing a flat arched curvilinear course in an oblique 
and backward direction. A t a distance of 23 mm. from  the umbo it gradually 
disappears. The ornamented part of the flanks is divided off by means of this furrow 
from  a triangular unom am ented area which gradually broadens out in  an anal 
direction. In  the immediate neighbourhood of the um bo this area slopes almost 
perpendicularly inwards. W ith  increasing distance it undergoes a gradual reversal 
of its direction of slope, so that at 9 mm., from the umbo it is nearly horizontal, 
and further along in  an anal direction it slopes outward with increasing steepness.

The ornamentation is particularly interesting. It consists of a series of excen- 
trically disposed ribs, very delicate and crowded in  the neighbourhood of the umbo, 
while distally their width and spacing gradually increase. In  section they are 
feebly arched. They are separated by narrow shallow intervals. Throughout the 
greater part of the shell these intervals are m uch narrower than the adjacent ribs; 
on an average they are smaller by about one-third. The ribs trend obliquely from  
anteriorly downwards to posteriorly upwards. A long a line which trends along the 
flanks almost vertically down from the umbo (lin e of in flection) there occurs a 
perturbation of their course which, near the umbo takes the shape of a slight 
transient interruption, but further away appears as a double in flection ; some o f the 
ribs are totally obliterated at the line of inflection and do not reappear along the 
post-umbonal part of the shell In  an oral direction the ribs disappear before 
reaching the anterior margin, which leaves an intervening unornamented marginal 
zone. • At 7 mm. from  the umbo, this marginal zone already attains a width of 
3 mm. The ribs situated nearest the umbo are moderately curvilinear and trend 
obliquely backwards and upwards almost from  their anterior extremity with 
increasing steepness. Those situated further from  the umbo exhibit a distinct



ventrally directed trend at their most anterior portion, beyond which, with a 
moderate curvature, they gradually bend round till they assume an ascending direc­
tion. U p to a distance o f 9*5 mm. measured along the line of inflection, the ribs 
nearest the umbo exhibit, along this line o f inflection, a different disposition from  
the ventrally succeeding ones : they do not display any distinct inflection, but only 
a very slight interruption, so that the branch situated beyond the inflection line 
actually follow s in  the same direction as the pre-umbonal part The ventrally 
succeeding ribs exhibit, along the line o f inflection, a pronounced double bend so 
that the portion situated behind the inflection is displaced in  a ventro-anal direction. 
The tw o branches o f the disjointed rib are connected b y  a short oblique rib directed 
backwards and downwards, which is scarcely 1 mm. long at the uppermost part of 
the double-inflected r ib s ; distally the connecting ribs gradually increase in  length, 
so that the one whose term ination is situated at 25 mm. from  the umbo already has 
a length o f 8 mm. A t the low er pcJint o f inflection the ribs do not exhibit any 
interruption or even w eakening; indeed some of them even display an appreciable 
thickening. A t the upper point o f inflection, on the other hand, the ribs, for a short 
distance are interrupted or at least conspicuously depressed, so that the anterior 
points o f inflection succeed one another in  the form  o f a very narrow shallow groove. 
Beyond the zone o f inflection the ribs travel upwards w ith a feeble curvature and at 
a very steep angle, until th e ir . thickness, together w ith the width of. the-intervals, 
becomes reduced to one-fifth or one-sixth of the maximum. They disappear 
immediately before reaching the marginal furrow of the area. Indeed this regular 
disposition of the post-umbonal portion is observed only in the neighbourhood o f the 
umbo, up to a distance of 11 mm. measured along the marginal furrow. The poste­
riorly succeeding'ribs exh ibit quite, a different disposition. A t a certain distance 
from  the marginal furrow, these ribs exhibit a remarkable perturbation -of their 
course in the shape of several irregular undulating inflections. A t the first o f the 
ribs affected by this disturbance, the distorted portion is only of small size and 
causes an anally directed shifting of the distal rib portion of about 3 mm. The 
space thus left free is occupied by two short intercalary ribs ending abruptly 
downwards. The succeeding ribs exhibit successively increasing disturbances and 
display a four-fold inflection which brings about an irregular zig-zag disposition 
o f the ribs in that part of the shell and, in some places^ causes an appreciable 
broadening o f the interspaces. The interspaces follow ing the* fourth rib beyond 
the commencement of the perturbation exhibit this widening not on ly along 
the zone o f disturbance, but also throughout their downward course where they 
become as wide or wider than the intervening ribs ; the latter are in places slightly 
wavy. At their dorsal end these disturbed ribs, with the exception of the first 
and second, are appreciably diverted backward. The third disturbed rib is ex­
tremely weakened at its dorsal termination which is not parallel with that of 
the preceding one, but is diverted backward, so that if it were prolonged up to the 
marginal furrow it would meet it at a right angle. The succeeding ribs conform  to 
this one. A ll the ribs do not extend uninterruptedly from  the pre-umbonal to the



post-umbonal part of the sh e ll: on an average every third rib stops at the line of 
inflection, at a level with the upper point of inflection, beyond which -it does not 
reappear. Counting from  the uppermost distinctly visible rib which reaches the 
line of inflection at 4s mm. from  the umbonal apex, it is the second, sixth, 
twelfth, sixteenth, nineteenth and twenty-second on the pre-umbonal side which 
end abruptly at the line of inflection. A ll the others extend over the post-umbonal 
part.

The lines of growth are very delicate and feeble and are entirely absent from 
the upper third of the shell nearest the umbo.

It is impossible to discuss exhaustively the exact systematic position of the 
genus, since it is represented by an incomplete specimen, and the hinge, in parti­
cular, remains unknown. That it belongs to the Myarians seems quite beyond a 
doubt, and within this group, it is principally with Ceromya that the details of the 
ornamentation indicate a relationship. Indeed a simple deflection of the ribs is 
observed in several species of Ceromya situated along a line trending from the umbo 
downwards and the characteristic undulating course of the ribs in the dorso-anal 
region is also observed in some species of Ceromya,. The divergence in the shape o f 
the shell and especially the invariably inflated umbo o f Ceromya easily distinguish 
it from the Indian genus.

The above described specimen bears the follow ing la b e l; “  Geode in black 
shales below W erfen beds; fossil doubtful, but there are no Spiti shales south of the 
N iti Pass. N. W . Kim plong, S. W . N iti Pass,”  The specimen shows unmistakably 
the mode of fossilisation characterising the Spiti shales. Besides this specimen 
there is also a small fragm ent preserved as a cast in the same m atrix as a specimen 
of Oppelia acuUcinctct Strach.

G enus: H o m o m y a , A g.

H omomia t i b e t i c a , Stoliczka. PI. X C IY , fig. 1.

Homomya, iib etica  Stoliczka, M em . Gt-eol. Surv. Jnd., Vol. V, 1866, p. 92, PI. IX , fig. 4

This species is represented by a solitary specimen illustrated in the above- 
mentioned figure. I t  bears the label “  Gieumal.”  It is in the condition of a rather 
poorly preserved cast.

As shown by the illustration, it  is large, moderately inflated, very inequilateral, 
greatly elongated anally. The dorsal margin is preserved only in its post-umbonal 
portion where it is nearly rectilinear throughout almost its whole extent. The 
posterior margin projects backwards with a moderately strong convexity. It is 
connected by a very shallow curve with the dorsal margin, and passes gradually 
-downwards into the ventral margin. The anterior margin is broken.

The shell is posteriorly gaping. On the dorsal side1 the shell margins are 
in contact up to a distance of about 24s mm., beyond which they diverge rather

1 The dorsal margin is not quite intact and has been greatly idealised in the picture. The artist has made the 
separation of the margins extend too far forward.



widely in an anal direction and reach their maximum interval o f about 10*5 mm. in  
the middle of the anal margin. Unfortunately the margins in  this part of the shell 
are not well preserved.

The umbo of the internal cast is broad and Repressed, moderately bent inwaTd 
in a horizontal direction. In  a flank view  of the shell the dorsal contour o f the 
umbo exhibits a broad, flat convexity. Viewed anteriorly the dorsal surface of the 
umbo appears to slope medially at a moderately steep angle and with a very shallow 
convexity for a distance of about 4> mm.

In  a dorsal view of the shell, one observes an edge trending in  an anal direction 
from  the umbonal apex, with a very flat arch-shaped curvature and diverging feebly 
from the ligam ent margin. It ceases to be perceptible at about 16 mm. from the 
umbo and is, at that place, distant from  the ligam ent margin by about 5*2 mm. 
The interval between this edge and the ligament margin, is, on the internal cast, 
transversely excavated. A  very much rounded edge proceeds also anteriorly from  
the umbo. I t  is preserved only in  its posterior portion where it is almost rectilinear 
its anterior portion is injured and cannot be distinctly observed. The illustration 
in  this part o f the shell has been far too m uch idealised : the pre-umbonal edge is 
not in any way distinctly recognizable beyond a distance of 9 mm. from the umbo. 
The pre-umbonal part of the dorsal margin is also entirely broken and should not 
have been represented in  the illustration.

W ith regard to the outer surface of the cast, the appearance conveyed by the 
illustration is far too smooth : it is much roughened by weathering and it is only in 
the neighbourhood of the ventral margin that it shows tw o very shallow, rather 
narrow lines of growth. The pallia! line is not visible.

The extreme elongation o f the shell recalls Somomya gracilis from  the upper, 
Jurassic (Oxfordian, Portlandian) o f Switzerland (Agassiz, M on. des .Myes, p. 162, 
PI. X X , figs. 1-3, and de Loriol, L 5Oxford, du Jura bernois, p. 66, P I X I, fig. 1).

Genus: G o n i o m t a , Agassiz.

Gohiomva Uhligi, nov. sp. PI. XOIV, fig. 2.

This species is represented by a single specimen of an inner cast exhibiting the 
typical mode of preservation of the Spiti shales.

I t  is unfortunately very badly preserved as it lacks not only the anterior and 
inferior margins, but also all the anal part of the shell. The shape is fairly strongly 
convex. The upper margin is almost rectilinear on the posterior side of the umbo. 
The umbo is flat and depressed and on ly slightly deflected inwards. The ornamenta­
tion consists of angular ribs such as characterise the genus Gomomya. Near the 
umbo these ribs are weak and very crowded. They are somewhat better developed' 
on the right valve than on the le ft one. W ith  increasing distance from the umbo, 
the intervals between the ribs widen considerably and the ribs themselves become 
stronger. Owing to the poor state of preservation of the umbonal part of the shell,.



the disposition of the ribs situated nearest the umbo is not clearly recognisable. The 
marginally succeediug ribs exhibit a very sharp inflection dividing the ribs into an 
anterior and posterior branch. The points of inflection are disposed along an almost 
straight line of inflection which trends obliquely backwards and downwards from 
the umbo, and diverges from the upper margin at an angle of about 65°. The in­
tervals between two successive ribs do not remain of uniform breadth throughout 
their course. The maximum breadth is situated in the lower part of the posterior 
portion, while the breadth, throughout the anterior branch, is much feebler : even 
at its lowermost end, it is, in some extreme cases, less than a third of the width of 
the corresponding posterior portion, and the ribs trend still closer together in an an­
terior direction. In  the posterior section, the ribs remain parallel for a considerable 
distance away from  the point of inflection, beyond which, as they approach the 
dorsal margin, they gradually come much closer together, so that, at their distal ex ­
tremity, the intervals between the ribs are scarcely wider than the ribs themselves. 
As the ribs succeed one another marginally, their spacing gradually increases as is 
shown by the following figures expressing the breadth of successive intervals mea­
sured on the left valve along the zone of maximum spacing, that is at the lower end 
of the posterior section o f the ribs. Beyond the rib whose point of inflection is 
situated at 16 mm. from the umbo, the ribs follow  at intervals of 3 ’5, 4s, 4s" 6, 
and 5 mm. between each other ; in all parts of the flanks the successive intervals 
exhibit similar differences in the distribution of their relative breadth. .I t  is 
seen from  these figures that the increase of breadth is not quite regular.

In  the pre-umbonal part of the shell the ribs are almost parallel with the 
striations of growth. After an extensive concentric coarse they bend downwards at 
a rounded obtuse angle slightly before reaching the line of inflection. The down­
ward deflected portion of the anterior section attains a length of 10 mm. in  the 
case of one o f the ribs of the left valve whose point of inflection is situated at 
26 mm. from  the umbonal apex and it diverges from  the orally directed portion at an 
angle of about 150°. The inflection of the ribs of the left valve forms an angle o f 
about 86°. Posteriorly to the point of inflection, the ribs o f the left valve ascend at 
a very steep angle and remain almost rectilinear and parallel to one another for a 
considerable distance. A t about half the distance between the point of inflection of 
each successive rib and the dorsal margin, the posterior branches of the ribs exhibit 
a  flattened curvature beyond which they trend obliquely upward and forward with 
a slight curvature, and gradually converge closer to one another. The uppermost 
anal termination of one of the ribs, whose point of inflection is situated at 26 mm. 
from the umbonal apex, converges at an angle of 130° with the upper margin 
which it does not quite reach. The anally follow ing ribs become more and more 
oblique to the upper margin, while on the oral side, the direction becomes less oblique 
and gradually approaches a right angle. The rib whose point of inflection is situa­
ted at 26 mm. from  the umbo is the only one on the left valve whose entire course 
is visible. The ribs situated between this one and the umbo appear to agree with it 
in  every detail. The one situated next to it more m arginally exhibits certain differ­



enCes : it disappears suddenly at the place where it should first be deflected down­
wards, but its posterior continuation reappears at about 5 mm. in  a dorsal direction 
from the place where its inflection ought to have been. The next rib towards the 
margin is yery indistinct in  its pre-um bonal portion ; the lower end of its posterior 
branch is at 9‘5 mm. from  the place where its inflection point ought to have been. 
I t  seems therefore that, in  the lower part o f the shell, there is a broad zone corres­
ponding w ith the continuation o f the zone o f inflection, along which the ornamen­
tation becomes com pletely obliterated.

The costation o f the right valve differs in  m any respects from  that of the left. 
Unfortunately in this valve also there is only one single rib that can be recognised 
throughout its entire extent. Its pre-um bonal portion is at first almost concentric 
with the lines o f growth ; it already becomes deflected downwards at 13'5 mm^ 
from  the point o f in flection  at an angle of about 140°. The point o f inflection is 
displaced m uch further downwards than in the le ft valve. The lower part o f the 
posterior branch is not quite rectilinear a^'Tn the left valve, but is strongly curved 
downwards at its lowerm ost extrem ity so that the junction of the two branches is 
situated m uch deeper than in  the left valve and the two branches converge at an 
angle of about 45°. In  the other portions o f its course it agrees exactly with the 
rib-features of the left valve. The next rib m arginally follow ing the one just des­
cribed is obliterated along the zone of in flection in the same way that characterises 
the le ft valve. The anterior branch of this rib approaches within about 1 mm, of 
the deflected portion of the preceding rib and disappears there ; at about 5 mm. 
before reaching the place where it ( disappears, it exhibits a very slight downward 
deflection. The posterior section o f this rib fades away in  a ventral direction with­
out reaching the point of in flection, and remains rectilinear up to the place where 
it disappears. The anterior section of the next follow ing rib also exhibits an e x ­
tremely slight and local downward deflection at 7 mm. from  its point o f interrup­
tion ; the point where it disappears is scarcely deeper than the point o f inflection 
of the last of the uninterrupted ribs and is situated at 6 mm. from  it.

In  a dorsal direction the flank-ribs in  the post-umbonal part of the shell extend 
as far as a very shallow almpst rectilinear sub-marginal furrow w hich trends some­
what obliquely backwards from  the umbo ; at 30 mm. from  the umbo this furrow 
is 5 mm. distant from  the upper m argin of the shell and has a breadth of 1*8 mm, 
Proxim ally it  gradually contracts and almost disappears at 5 mm. from  the umbo.. 
The furrow  is succeeded in a median direction by an elongated swelling which bears 
„an irregular tuberculated ornam entation. A t the proxim al end of the swelling, up 
to a distance o f 18 mm. from  the umbo, the very flat tubercles are disposed along 
the continuation of the flank ribs ; distally there are only a few  very shallow pro­
tuberances which no longer correspond with the ribs.

The striations of growth are distinctly visible only in the lower portion of the 
shell which still bears many remnants of the shelly layer. In  the pre-umbonal part of 
.the shell the lines o f growth extend backwards and downwards w ith a gentle curve 
and reach the deepest point o f their curvature before reaching the line of in flection-
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The disposition of the striations of growth indicates that the shell was conspicuously 
elongated in  an anal direction, and exhibited somewhat the same elongated shape as 
Gon. constricht A g.

The peculiar ornamentation o f Gon. Uhligi gives it a very isolated position 
amongst all other species of the genus.

The specimen is labelled: “  Geode in black shales below  W erfen beds; doubt­
fu l on account o f fossil— N . W . ELimplong, S. W . N iti Pass.”  The characteristic 
mode of preservation establishes beyond doubt that it  belongs to the Spiti shales.

Genus : p h o l a d o m y a , Sowerby.

Pholadomya ? phobi/EMatica, nov. sp. PI. X O Y H I, fig. 16.

This remarkable fossil is represented by a solitary very im perfect cast which is 
shown in  full-size in  the above-mentioned illustrations. I t  was obtained between 
Choi a H oti and Ting Jung La in Huudes.

It seems equivalve, somewhat inequilateral, on ly slightly deflected obliquely in  
its posterior portion, strongly inflated, extraordinarily compressed in an oro-anal 
direction. The margins are broken with the exception o f a short very feebly 
curvilinear fragm ent o f the posterior margin. The umbo is also broken. In  a 
dorso-ventral direction the shell is strongly and fairly regularly convex. In  an 
oro-anal direction it is extraordinarily strongly convex, a considerable portion of the? 
anterior and posterior regions of the shell is nearly flat and disposed almost 
perpendicularly to the median plane of the mussel. The crest zone is very convex 
and the crest-line is situated a great deal to the oral side of the deepest point o f the 
lines of growth.

The original shell was extremely thin. I t  is observable at a few  places where 
the cast is still partly embedded in  the original m atrix. The cast is ornamented 
with delicate, somewhat irregular inconspicuous lines of growth. They are rather 
too pronounced as shown in fig. 16a. with a suitable incidence of the rays of 
illum ination, one may just distinguish, w ith the unaided eye, along the crest zone, 
traces of delicate, crowded very shallow radial striations w hich disappear near the 
umbo and towards the lower margin.

The generic attribution o f this remarkable form  is uncertain, yet it most 
probably does belong to the genus Pholadomya. I  am not acquainted with any 
Jurassic forms resembling this fossil.

Genus: I ndex.

The follow ing illustration represents an internal cast w hich cannot be gene- 
rically determined. The solitary specimen bears the la b e l: “  Upper Spiti shales,* 
Stage I I I , Loohambelkichak E . G .”



The shell is very slightly though distinctly oblique. Since this oblique elonga­
tion, in the great majority o f inequilateral bivalves, affects the posterior side of the 
shell, the present specimen probably represents a right valve.

Its dimensions are shown in the full-size illustration. The shell is rather 
strongly inflated, and strongly and regularly convex. Its margins are not quite 
intact. The ventral margin combines with the oral and anal margins to constitute 
a continuous curve approximating in shape to three quarters pf a circle. The dorsal 
margin is imperfectly preserved and not completely exposed. It does not show any 
trace of cardinal teeth or of an external ligament. There are no ears.

GeDus inclet. Natural size.

The umbo is situated somewhat anteri orly to the middle of the total length. It 
is very small, and strongly compressed dorso-ventrally. Its terminal part is not 
visible; it  does not seem involute. W hen the shell is viewed anteriorly, the dorsal 
surface of the umbo appears to slope medially at a shallow angle and with a shallow 
curvature for a distance of 5 mm.

The ornamentation o f the cast is restricted to some inconspicuous, somewhat 
irregular lines of growth. The shell seems to have been excessively thin. The 
muscular scars and pallial line are not visible.

GASTROPODA.
The Gastropod fauna of the Spiti shales includes only three badly preserved 

species of which CeritMum sp. belongs to the Belemnite Beds, while the two other 
forms were obtained from the Spiti shales proper.



G enus: PnExmoTOMAMA, Defrance.

Pieuhotomasia spitiensis, nov. sp. PL X C IV , figs. 5-8.

Plew rotom aria, sp ? H* F* Blanliord, J ou rn * As* Soo*9 B en g a l, XXXII, 1S6S, p. 134, PL IV, figs. 3, 3a.
P leu rotom a ria  sp. Stoliczka, Mem* Q eoh Sut'V. Jnd*y Vol. V , 1866, p. 93.

* This form  is represented by a number o f specimens which I  have united into 
one species in  spite o f certain differences which they exhibit. The specimens are 
either entirely in  the condition of casts, or else they present only feeble remains o f 
the shell Some o f the specimens are .from Kibber (fig. 6), others from  Gieumal 
(fig. 8) ;  others are without any record of their origin (figs. 5, 7).

The cast has a tall conical shape including about three volutions, in the case of 
well-preserved specimens. The volutions increase rapidly and regularly in size, and 
are separated from  one another by deeply impressed sutures. The volutions are 
transversely strongly convex and, with the exception o f the apical whorl, carry a 
pronounced rounded spiral edge whose position approxim ately corresponds with that 
of the sinus-band. On the last whorl of the cast, this sinus-edge is situated very 
distinctly higher than the middle of the w horl: on the penultimate whorl it lies at 
about the middle of the visible portion. On the last whorl of the cast, the 
sinus-edge is always very pronounced: it exhibits the form of an obtuse edge 
truncated by a curvature only at its extreme crest. A s the edge is followed towards 
the apex o f the spire, it becomes gradually more rounded and loses indistinctness, 
until all trace o f it is lost in the apical volution whose surface is regularly convex. 
In  the case of the largest specimen which is represented in fig. 6, the sinus-edge, 
in the neighbourhood of the mouth of the shell, is 12*5 mm. distant from  the suture 
o f the last whorl. The portion o f the whorl situated posteriorly to the sinus-eige 
exhibits transversely an excessive ly depressed and regular convexity, or else it is quite 
fiat, or even, in one specimen (fig. 7). it distinctly exhibits a very shallow concavity. 
This same portion of the shell, that is the zone between the sinus-edge and the 
posteriorly situated suture, carries on the last whorl of one specimen, a very shallow 
rounded edge v/hich already ceases to be perceptible on the penultimate volu tion .. 
There is no trace of this subsidiary edge on any other specimen.

The well-preserved casts invariably carry another very blunt spiral edge 
.situated anteriorly to the sinus-edge and at some distance from  it. In  several 
specimens (fig. 7 a, c) this swelling is very conspicuous on the final whorl, but loses 
in  distinctness on the penultimate one. In  other casts (fig. 5, for instance) it  is 
much less distinct ov almost missing, and can be made out only under a suitable 
illumination. The zone intervening between this swelling and the sinus-edge is 
almost fiat. In  this manner a very indistinct lateral band is produced which is gra­
dually lost in  the apical portion of the cast. In  the case o f the largest available 
specimen (fig. 6), this lateral band, in  the neighbourhood of the mouth, attains a 
breadth of 7'2 mm. In  the last whorl of the specimen represented . in fig. 7, the 
width o f the lateral band is 5*5 mm. On the penultimate whorl, the anterior



margin of tlie lateral band is situated quite close to the sntnre. On the cast the 
lateral hand slopes fairly distinctly towards the axis of the shell.

The base, anteriorly to the lateral band of the last whorl, is usually moderately 
and regularly conyex, and quite smooth. In the solitary case of the specimen 
illustrated in fig. 7, the cast exhibits anteriorly to the anterior margin*)! the lateral 
band, three more very blunt edges distributed at fairly wide intervals. A  fourth 
ridge is also faintly indicated. This portion of the shell is always concealed on the 
penultimate whorl.

Beyond the above described edges, the casts do not show any other ornament- 
Only fragmentary remnants of the thick shell subsists on a few specimens (figs. 6. 
8), and they do not-convey any information regarding the ornamentation of the 
outer surface. The sinus-ridge appears to have been very pronounced.

Plewrotomaria, spitiensis is very variable in size. The largest specimen is repre­
sented full-size in fig. 6. The smallest specimen is scarcely half as tall, though it 
also consists of about three volutions.

Genus : Cebithium, Biuguibre.

Cebithitjm sp, PL XCIV, fig." 10.
#

This form is represented only by the figured specimen, the shell of which is pre­
served. I t  bears the following label “ Lower Spiti shales, KutL33 (Coll. E. H. Smith).

The condition of the specimen is very unsatisfactory. Ihe ornamentation o f 
the surface is very poorly preserved. The few observable characters are shown on 
the illustration.

Heeetebmieakle bobm. Pl. XC IV , fig. 9.

This is a very badly preserved cast from Jandu in Hundes. The few visible 
characters are shown in the illustration. The external impression of the shell surface- 
does not show any ornaments.



Pig. 1. Homomya Tibetica, Stoliczka.
„ 2. Goxiomya Uhligi, n. sp.
„ 3. Cos mom y a E g reg ia , nov. gen., n. sp.
„ 4. Pleuromya Si*ltiessis, n. sp.

Figs. 5-8. Pleurotomaria Spitiensis, n. sp.
Pig. 9. Undeterminable form.

„ 10. Cb r it i i iu m  sp.

All the figures are drawn in natural size.
The original specimens are in the Calcutta Museum.
The localities oiLtJae specimens, so far as is known, are mentioned in tjie descriptive text.
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figs . 1-10. Arca Egertoniana, Stoliczka.
„  11-18. N ocdla Spitikssis, n. sp.
„  14-17. „ Hyomorpha, n. sp.

Figs. 1 d, Zd, 2d, Sc, 66, 9 and 10 are enlarged. All the others are drawn in natural size. 
The original specimens are in the Calcutta Museum.
The localities of the specimens, so far .is known, are mentioned in the descriptive text.
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Figs. 1, 2. L ima Spitiensis, n. sp.
fig . 8. »» Hoberti, Oppel.
JJ 4. » M elanceoi.tca, n. sp,

5. >> Tristicuea, n. sp. .
a 6. Pecte.n sp.
» 7. IHERTULES, U. sp.
)) 8. 'O strea,, sp.

Figs. 35 and 5 are enlarged. All the others are drawn in natural size. The original 
of fig. 3 is in the Museum at Munich. All the others are in the Calcutta Museum.

The localities of the specimens, so far as is known, are mentioned in the descriptive text. 
The figured species ofOstrea probably does uot belong to the Sniti shales/ -
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Pig. 1. A vicula Spitiensis, Oppel,
Figs. 2, 3. Pseudoiionotis I nornata, n. sp.
Fig. 4. „ Amcena, n. sp.

5. A ucella L bguminosa, Stoliczka.
6. „  ? Formosa, n. sp.
i . )} Spitiensis Grandis, nov. form.

n. sp., form. typ. 
Extensa, nov. form. 
Superba, nov. form.

j)
>)

Figs. 8-1L 
1 2 , 

13.
Fig. 12.

»
))
>> )>

Figs. %ld and are slightly enlarged. All the others are drawn in natural size.
The original specimens of figs. 1, 3, and 8 are in the Museum at Munich. Fig. J 8 is frc 

a plaster east of a specimen in the British Museum. All the other specimens are in theCalou 
Museum.

The localities of the specimens, so far as is known, are mentioned in the descriptive text.
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Figs. 1-9. A ucella Blanfordiana, Stoliozka,
» 10-11. Inoceramus Stoliczkai, n. sp.

12-14. „  E veresti, Oppel.
Fig. 15. „  Gracilis, n, sp.

>1 16. Pholadomya? Problematica, n. sp,
All the figures are drawn in natural size.
The original specimens are in the Calcutta Museum.
The localities of the specimens, so far as is known, are mentioned in the descriptive text.
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1. N tjcula K IB BERT ANA, n. Sp.
2. sp. (cast).
3. 99 Dienert, n. sp.
4. LEDA 8p.
5-6. Trigonia Spitiensis, n. sp.
7-11,14. Astarte Hf.rmannj, Oppel.
12,13,15. Astarte Sowerbyana, nom. nov.

All the figures are drawn in natural size.
The original specimens are in the Calcutta Museum.
The localities of the specimens, so far as is known, are mentioned in the descriptive text;
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Fig. 1. Astarte SoVTERBYANA, nom. nov.
Fig8. 2-3. „  S cytalis, n. sp.

„ 4-8. „  Spitien sis , S to liczka .
All the figures are drawn in natural size.
The original specimens are in the Calcutta Museum.
The localities o£ the specimens, so far as is known, are mentioned in the descriptive text.
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