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

BY
Dr. KARL HOLDHATUS:

(Transltated from the original Geriman by E. W, Vredenbury, Superintendent, Geological Survey of India.)

INTRODUCTION.

THE materials for the present study of the Bivalves and Gastropods of the Spiti

shales were entrusted to me by Professor Uhlig. I must offer my heartiest
thanks to Professor Uhlig for this favour, as well as for the constant help which
he proffered me throughout the whole duration of the work.!

Great care has been bestowed upon the diagnoses in the descriptive portion of
the work. If thereby many of the deseriptions appoear to have become inordinately
long, it seems to me that such a copious treatment is justified by the highly interest-.
ing nature of the material, and the difficulty of obtaining access to the gréater part
of the collection, preserved as it is in the Calcutta Museum.

It is unfortunately far too common in Pal:eontological literature to find new
species of bivalves established without any exhaustive or correct diagnosis, and only
a few trivial sentences to comment upon the iilustrations. A correct description
is not superfluous even with the best illustrations. The difficulty of studying the
Paleeontological literature referring to hivalves is greatly enhanced by the inacecur-
acy of many of the descriptions.?

With respect to the illustrations of the following work, a few remarks are
needed. The illustrations in Plates XCVII to C were very carefully drawn by.
Mr. Fleischmann and arein every way correct. The execution of Plates XCIV to
XCVI was entrusted to a somewhat less accomplished artist. Although I have spent
much time and trouble over the correction of these plates, there still remain in:
some qf the figures, a few inaccuracies which, in every case, are alluded to in the
daseriptive diagnoses.

GENERAL RESULTS.

I. Stratigraphical Results.—For several reasons the Bivalves do not possess
from a stratigraphical point of view the same importance as many other groups of
animals, the ammonites for instance. .Consequently all the stratigraphical informa-

t The sad news of the death of Professor Uhlig was received shortly after this paper had been sent to
? 1 caunot avoid alluding here to Kitchin’s admirable method of diaguosis as a standard worthy of imitation.
His masterly monograph on* the Trigonia from Kachh is one of the leading examples of systematic description.
B
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tion that we can derive drom a study «f the Bivalyes from the 8piti shales does
rothing¥ore than cpffivin the concligions aﬁ‘endy arrived at from the Ammonites
iy thist same formaglbn, A few of the occurrences point to an Upper Jurassic age,
b most proMble one for the Spitl shales: for instance, certain species of
AaBe 51-’!*.-01%63 nearest allior are the Eummpean forins A Bronai avdl 4. Pallasi,
and g6 a Trigonia 2losely related to several species from the Jurassic of Kachh
(Y?]‘nm.*'f croup).  Thaother Bivalvos fzom the Spiti shales do not afford any precise
trdiications of the age o the rocks, -

I'he Spiti shales include two stratigraphical sub-djvisions sasily recognised. from
their lithological characters, ThE lower suh¥division, kncwn as the Belefmite beds,
gousists of grey friable shales eroyded with Delemnites, whild the upper sub-division
constituting the Spiti snal roper consists of the well-krown black cowpact
wlicitied rocks whose appeance is v\'tm*in‘ari]y chagafteristic. O the Bivalves
d coonidsedading the fx\ilf)sv'ixxg pages, the on'y ones ’I)elungéﬁ_g t the Belemnite beds arve
Lime -neltuncholica and Lgggpeticula, { nocemgm&g. and proiably also Inoceranius
cont. swlarem Bochm.!  All the viber epecimens exhibit the lithological character
and typicygnsode of prosétvation of the Sprii shales proper. Of the three
:alsm:~crmf,zc specics, glesithiun sp., must be from the Belemnite beds, while the
" other two are froii'the Spiti shales proper.

T1. Pal@ofuuristic resalis.~-In view of “onr very fragoentary knowledge of
the Bivalve fauvha of the Jwrassie; the results yielded by a study of the Spiti shales
tauna c2n only be of a provisional nagure. A further difficulty arises from the
civeumnstance that variogs gencra of Bivalves differ considerably in their fannistic
value  Sids by side with fgrms, such as Triyonia, Arca, Gonicmya, Aucella, en-
od with exceptionally plasiic specific features which render them of the ‘greatest
Priance from the point of view of stratigraphy and zoogeography, we find other
genern whaose vepresentatives, in widely -separate geological formations and in
vegions situated far apart fron one auother, often exhibit a deceptive outfard simi-
inrity which does not correspond with any irue relationship.* .

A:znovgst the forms reproggmted in the Spiti shales, this is especially the case
Wil the gnnera nglla, ~A8turte, PledPomya, and, td a certain egient also, such
fumas as Laoceram usgfmc:, etc. It seews that, for the present at. least, there is
nerfdve searcely to ! ne with these uncharacteristic genera, hui to leave {he»:
oaf of soccunt in all our faunistic and stratigghphical djgeussions. :

Ta ne all dae comsideration to.the difiiculties vesulting trom ‘hese varions”
aauscs, we nay state our conelusions regarding the Spiti shales fauna somewhat - as

&
A

t -
ofiows - .

Ehc goenadte huds aleo Cunlain seme vers badly preserved remaing of a Bivalve wlich ficaits size and shape
sbnows o earde L DN s et ! .
T We vy rewsonably prosthi. chat the sponfio distinetions althongh fmpess.vie fodetect amonget the eheracters
nroan e by Soasdisnilon criofal v P ond w slowr 2EPression s aliatotmieal ~harictera. A ver -';Onsp’uznuﬁx peculiaritr
oo aboagical gronps, suei as the Jrpeots i the manner in which errtuin geneva the representatives of whick exhibit
- "('UL{J‘.‘LA’IN‘.‘ ezt ral vimileriry o crt) s Sliplay sﬁ:;x marked specific distiueton T 7 7 saalomy, while in
e gotoia with vevy plastie exter oo characters, tihearat 31 ded: e exhibii seaccely any “lifforeece. In the sawe
Panme o gre (oot udbing spedBe Tietmetions cxinesid B e asatowy of many iocent Gastronads and Bivalved,’
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1. The Bivalve fauna of the 8piti 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 Adstarte which may be identical with some Kachh
fossils. * Some of the Spiti shales Bivalves are very peculiar and characteristic
without any known representatives in other aveas. 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 Ukligi whose
peculiar ornamentation isolates it completely from all the other species of its genus,
and also ducella formosa and Adrca Egertoniana. The last named species seems.
indeced to have been observed in Somaliland, and latterly also in Arabia.! With the
exception of Cosmomya, all the Bivalves of the Spiti shales belong to wide-spread
genera.

2. Regarding the faunistic relations of 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 might be inferred from the rich develop-
ment of Aucelle whose nearest relatives are the Russian forins Awue. Bronni and
Auec. Pallasi. At the same time one of the nearest allies of Awe. 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
Aucells. 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, Pleuro--
mya, Homomya, with some of the Jurassic fossils of Europe.

The already mentioned occurrence of Arce Egertoniane in Somaliland and
Arabia indicates a connection with the Jurassic fauna of Africa.

It would be very interesting to elucidate the relationship between the fauna of
the Spiti shales and that of the Jurassicof Kachh. Unfortunately the rich Bivalve-
fauna of the Kachh Jurassics is, as yet, very imperfectly known, though certain
circumstances seem to suggest a close connection with that of the Spiti shales.
Trigonin spitiensis from the Spiti shales is closcly velated to several forms from the
Chari group of Kachh, and several species of Astarie of the Spiti shales appear to he
either identical with certain Kachh fossils, or very closely related.

The TUpper Jurassic fauna from the Sula Islands investigated by Boehm
Palicontographica, Supplement 1V, ist part, 1904 and 1907) has yielded very few
Bivalves. These include the genera Inoceramus, Nucula, Anopea (?), Mytilus and
Lima. The gencra Mytilus and Anopea 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 specics of Inoceramus from the Spiti shales,
unfortunately in a very imperfect state of preservation, resembles 1. sularum

1 R.B.Newton ard G, C. Crick.  Ann. and Mag. Nat. Hist., ser. YI11, Vol. 11, 1908, pp. 1-29
B2
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Boehm from the Sula Islands, though it is not possible to say with cerfainty that
the two forms are closely related. All the other Inoceramsi of the Spiti shales
differ considerably from those of the Sula Islands.

THE BIVALVES.

The collections that have been placed at my disposal include 37 species of
Bivalves distributed generically as follows: Adwvicwla, 1 species ; Psetsdomonotis, 2
species ; ducella, 3 distinet species and one doubtful one: Znoceramus, 5 species;
Lima, 4 species; Pecten, 2 species ; Nucule, 5 species; Ledo, 2 species; Area, 1
species ; T'rigonia, 1 species; Asfarte, i species ; Pleuromyas, Cosmomye, Homomya,
Goniomya, Pholadomya and one undeterminable genus, each represented. by one
species *

Balter and Strachey’s Palwontology of Niti includes descriptions of a certain -
number of Bivalves. said to have becn obtained from the Jurassic beds of Niti, but
not represented amongst the Spiti coilections sent to me. Tt is uncertain whether
these species were obtained from the Spiti shales or from some older horizon. The
collections are presexrved in the British Museum and unfortunately I have been
unable to gain access to them. Ae however it is still quite possible that all these
forms, or atleast some of them, muy belong to the Spiti shales fauna, I append a list
of their specific names :

Ostrea flabebloides Desh.—Salter,
s  aowmetaio Sow.~—Salter,
Avsoula snaquivaivis Sow.—~—Salter,
Peeten comatns Miunster.—Salter.
Ostrea b1frons Salter.
> rsomelifer Salter.
s sabal Salter
s lens Sow.=-Salter,
Lima acuta Stopp.?—Salter.
Hodiola sp.
Nucula sp.
Cardium truncatur Sow.—Salter.
Astarte ov Myacites 7
Cucullea leionota Salter.
Anatina vaginnla Salt:x,

Genus : Avicyra, Klein.

Avicura spITIENsIs, Oppel. Piate XCVIL fig. 1.

Advicula spitiensis Oppel, Pal. Mitt., 1, 1863, p. 297, P1. 88, fig. 5, @, 5.
This species is represented only by two poorly preserved internal casts of the
Ieft valve, one of which ig Oppel’s original type from the Schlagintweit collection,
adhering to a specimen of Himolayites Seideli Opp., while the other, about twice

* The fossil deswibed and figured below as Ostren sp. probably does not Lelong to the Spiti shales.
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the size of the type-specimen, but unfortunately in a very imperfect state of
preservation, bears the label : Loshambelkichak E.G,, 19th July 1892,

The outline of the shell cannot be made out from either specimen. There are
no distinet lines of growth. The oblique deflectior 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 8 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, bub its termination
is unfortunately concealed in both specimens. The anferior ear is not preserved,
In a dorso-ventral and oro-anai 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 fype-specimen), or
be'less prominent 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 o
distance of about 7 millimetres from the umbo. The original type-specimen still
carries a few remnants of the shell in the neighbourhood of the umbo, giving one the
impression that, on the outer surface of the shell, the rihs reached still further in that .
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 eonstitute pronounced ridges distributed at approximately equal distances, the
interval between two consecutive primary ribs being about 1-8 to 2 mm. at a distance
of 12 mm. from the umbo. Mid-way between two consecutive primary ribs, there
oceurs a secondary rib which is not conspicuously, though always quite distincily,
less developed thah the primary ones, and again in all the interstices between the
primary and secondary vibs, there are tertiary ribs, exfremely narrow and delicate
and only just perceptible to the 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 of the ear carries a few
shell-fragments which show a number of fine radial ridges following one another
at intervals of 05 mm., and all equally developed.

Horizon.— Upper Tithonian to Neocomian.

Genus : PspupomMoNotis, Beyrich.

PSEUDOMONOTIS INORNATA, n, sp. Pl XOVII, figs, 2, 3.

This species is vepresented only by four specimens embedded in the usual
aatrix of the Spiti shales, The shell-substance has entirely disappeared with the-
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exception of some insignificant remnants of the inner prismatic layer. In every
specimen the margins of the shell have been almost entirely destroyed...The lines.
of growth which are visible on an isolated specimen of 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 of 17 millimetres
corresponds with a breadth of about 16 mm. The left valve appears considerably
inflated and regularly vounded. The ears of the left valve are not preserved on
any specimen. The umbo of 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 of the umbo. is very strikingly curved downwards - (Pig. 24 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 Chidamu 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 umho has the appearance of
an equilateral triangle. The size of the umbo varies.

There is only one imperfect fragment of a right valve—from Chidanmu.
Its ventral and anal vregions are A.-uﬁforf\unately broken. ~The lines of
growth are not visihle.. Thé dorso-oral region assumes an exceptionally broad
deyelopment, sg 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 of about 9 millimetres from
the umbo. Apart from insignificant inequalities, the right valve is absolutely flat,
and it is only in the meighbourhood of the umbo that a very shallow convexity
can be seen. Looked at directly from above, the inner cast of the small umbo of
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 mmbo
are almost-flat and slope steeply ventrally. The posterior marginal edge of the umbo -
runs obliquely in 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 maintainsits distinct angular character
for a greater distance than the posterior one, from which it diverges at an angle of
about 45°. Along the continuation of its course it becomes more rounded and
gradually bends round in an open and wuniform curve till it lies horizon-
tally. Up to its termination (at 4'4 mm. from the umbo), it remains parallel to the
upper margin of the shell from which it is separated by a shallow furrow about
0*5 mm. wide. ’

The byssal region of the right valve is expesed. The internal cast exhibits a
remarkably broad concave byssal notch whose dorsal limit is constituted by the
rectilinear longitudinal notch of the byssal wing extending forward in a somewhat
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-oblique direction. The byssal ear can be followed up to a distance of 25 mm.
from the apex of the umbo. The byssal notch which shows a slight and gradual
increase of width in an cral direction is 2'2 mm. broad in its foremost portion.

The sculpture of the internal cast can only be made out in the two left valves
of the Schlagintweit collection. The available specimens from Chidamu are

-obscured by an unevenly distributed incrustation résulting from the process of
fossilisation, which conceals the sculpturing of the cast. Of the two internal casts
of the Schlagintweit collection, the one seems almost smooth, while the other bears.
a very inconspicuous concentric ornamentation consisting of very- slightly raised
narrow folds of somewhat variable breadth, distributed at irregular intervals and
totally absent from certain portions of the cast.. The same internal cast exhibits
local indications of very faint crowded radial lines, but it is uncertain whether these
-are to be regarded as merely accidental, or represent the remnants of a radial orna-
mentation. Moreover, there appears to be no trace of any ornamentation on the
outer surface of the extremely thin shell; only in the umbonal region and. the
winged appendage does this attain any considerable thickness.

This form, when full-grown, attained truly remarkable dimensions : for instance,
in one of the left valves in the Schlagintweit collection of which the ventral margin
is unfortunately entirely missing, the lowermost preserved portion of the shell,
which does not by any means constitute its lower margin, is 34 millimetres distant
from the umbo.

Amongst the material to which I have had access, Pseudomonotis inornate is
represented by two specimens both preserved in the same piece of rock bearing the

label : * Chidamu E.G.” Two more specimens occur in the Schlagintweit collec-
tion. Figure 2, Pl XCVII represents one of the specimens from Chidamu, figure
3, one of those from the Schlagintweit collection.

It is not possible to form any clear notion regarding the relation of this fossil to
other known Jurassic species ; the apparent complete absence of any kind of orna-
mentation gives it a very isolated position amidst the representatives of the genus,
most of .which are decorated with strong radial ribs; this peculiarity connects it
with Pseudomonotis inops Stoliczka. (Cretaceous Fauna of Southern India, Vol.
IIL, p. 408, PL. XXX VITL, figs. 7, 8) from the Arialur-group of Southern India,
which also lacks radial ornamentation.

PSEUDOMONOTIS AM®NA, nov. sp. Fl. XCVII, fig. 4.

This species is represented only by two internal casts, showing both valves
united, but unfortunately very badly preserved, with their margins completely
broken. They are labelled : ¢ Middle Spiti shales, Chidamu, 17, VIII”, This form
diffexs from Ps. inornata only in the feebler inflation of the .left valve and the
smaller size and different dispesition of the umbo. The species evidently beara
close genetic relation to one another.
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The left valve is very noticeably less convex than that of Ps. inornata. The
umbo of the left valve is distinctly more delicate and smaller than in the case of
Ps. inornnis, Asin the latter species, it is generally compressed in a dorso-
ventral - divection and turned inwards, but the ventral outline of the umbo
in its terminal region, instead of being excavated in a medio-lateral direction
as in the case of Ps, imornata, is perfectly straight and horizontal, so that the
apex of the umbo is not curved downwards but is turned horizontally inwards (see-
fig. 4 ¢) The dorsal and ventral outlines of the umbo meet in theapex atan
angle of about 25°, the edge connecting the dorsal and ventral surfaces being
bluntly angular. When seen directly from above, the outlines of the oral and
anal sides of the umbo appear approximately vectilinear just as in the case of
DPs, inornata, and converge towards the apex at an angle of 50° to 60°.

The right valve agrees in all essential points with that of Ps. inornaete : the
cast of the wmbo 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
distinet in the case of one of the casts of a right valve: ifs base has the
shape of a shallow curve, and it expands graduvally in an orai direction, so that at
its anterior portion it reaches a width of 2 millimetres. The longitudinal noteh of
the byssal ear can be detected up to a distance of about 24 mm. from the umbo, it
appears quite straight and is disposed obliquely in a dorso-oral direction.

In every other chaxacter Ps. amene seems to agree with Ds. inornata. No
traces of ornmamentation can be discerned in either of the specimens ; indeed the
casts are coated with a film which is locally silicified. Both specimens are only of
moderate size.

Genus: AUCELLA, Keyserling?

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

The available material is easily sorted out into four perfectly distinct species,
of which Aduc. leguminoss Btol. and Aue. spitiensis Holdh. are related to dwe.
Brouni Rouill, from which however they are perfectly distinet, while duc. Blan~
Jordiana 8tol. is closely related to Auc. Pollagi Keys. Whether Aucella formoso

1 See partionlarly : J. Lahusen, Ueber die russischen Ancellen, Mém. Com. G'éol. 8%. Petersboury, 8, 1888, No, 1..

J. F. Pompackj, Ueber Auncellen im frinkischen Jura, N, Jakrd. 7, Min. 1901, Vol I, p. 18,

J. B. Powpeck], Ueber Ancellen und Aucelien-ahuliche Formen, N. Jakrbuck f. Min., Suppl Vol. X1V, p. 818

D. Sokolow, Aucellen vom Timan und vom Spitzlergen, Mém, Com. Géol. 8¢ Petersboury, Ncuv. ser. live. 36.
{1808).
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Holdh. really belongs to this genus is somewhat uncertain. We have, unfortunately,
no information regarding the vertical distribution of the several species throughout
the Spiti shales. Judging from the analogy of the Russian occurrences, where a
-ponsiderable vertical interval separates duc. Brommi from its derivative Auwe.
Pallasi, we may reasonably conjecture that due. leguminoss, spitiensis and Blan-
SJordiana dp not occur associated in the Spiti shales but are separated by vertical
intervals. Aue. leguminosa and duc. Blanfordiana probably represent respectively
the oldest and newest term of a series of mutations, whose developmental tendencies
exhibit the closest analogy with those expressing derivation of Awec. Paliasi
from A4we. Bronmni (obliteration of the radial ornamentation, concentric
rippling of the shelly layer, involution of the umbo in the left valve, flattening of
the right valve), The direct genetic relationship between Auwe. leguminoss, Aue.
. 8piliensis and Auc. Blanfordiana is perfectly plausible, though fthe material so far
available does not include any passage forms between the three sepazate types. . The
fact that in every instance the available specimens of Awe. spitiensis and Awo.
Blanfordiona were obtained from different localities strongly favours the nofion
that they belong to separate stratigraphical zones.

The study of the Spiti fauna has not furnished any fresh data to
elucidate the problem of the origin of the genus Awecellc.. Apart from its occur-
rence in Burope and in the northern regions, and in the Himalaya, the genus has
already been met with in California, in Mexico (numerous species), in Brazil and
in New Zealand! In theface of such a wide-spread distribusion, it does not seem
admissible to regard Awcello as an essentially northern element, nor is it possible
to discuss the original foeus of diffusion of the genus. With regard to its represen~
tatives in thé Spitishales, we must expressly emphasize the fact that they are not
identical with the species of any other Jurassic region.

The abundance of individuals of Awucells in the Spiti shales and the varied
specific development of the genus itself indicate that these organisms must have
constitutad an important element in the fauna of the Spiti ocean.

The materials for the study of dwucello so far obtained from the Spiti shales
must be regarded as totally insufficient. The collection of fresh material with an
exact record of the vertical distribution of the various forms is greatly to be

desired.

AUCELLA LEGUMINOSA, Stoliczka, Pl XCOVII, fig. 5.

Aycella leguminosa Stoliczka. Mem. Geol. Surv. Ind., Vol. V, 1866, p 88, '), VI, fig. 8.

Stoliczka’s original specimen of Awucells leguminosa differs in many particulars
from all the other Aucellee of the Spit-i shales and must be taken as the type of a
Auocells plicate Fitt, Reise der csterreich. Fregatte Novara um dio Brde, Geolog.  Theil, 1 Bd, 2, abteil, p. 32.

Taf. VIII, fig. 4. This species, of which Yhave seen the types, is a true ducella, very closely allied to due.
PLallasi and Aue. Blanfordiana.



406 FAUNA OF THE SPITI SHALES

separate species. The shell i8 considerably elongated in an oro-anal direction, its
Jength being 40 mm. while the maximum breadth is only 19 mm. It isalso ex-
ceptionally oblique, even more so than Awe. Bronni Rouil. In lateral outline
the left valve appears approximnately rectangular, bwing to the truncated appear-
ance of the anterior part of the shell which throughout its entire breadth is rounded
in a transverse direction. The dorsosanal margin, which, unfortunately, is only
partly preserved, appears almost straight, its curvature, as in the case of due.

Bronni, being probably very feeble. At its posterior extremity itis connected

by a gradual curve with the terminal margin exhibiting a strong regular ton-
vexity, and curving gradually into the ventral margin, a considerable portion
of which runs parallel to the dorso-anal margin. The ears of the left valve ave
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 of the valve, an exfremely
shallow broad depression which is directed somewhat obliquely from the margin
towards the umbo, but ceases to be perceptible before reaching the crest line.! The
umbo is of moderate size, short, r rly conical, poinied, the apex bluntly
rounded. It is deflected inwards and when examined from above exhibits only a
very slight degree of anterior obliquity. Tis ventral surface is practically horizontal .
at the terminal portion of the umbo, so that the nmbo even at its apex does not show
any trace of involution.

The right valve fits into the margin of the left valve and appears broadly
expanded in its dorsal region. Theterminal 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
runving into the base of the byssal fold. The right valve appears very strongly
inflated in a transverse direction, especially in the proximal part of the shell. The
situation of this zome of greatest convexity in the proximal part of the shell
strongly differentiates ducelle leguminose from all the other species of the Spiti
shales and from Aducelle Bronni and its Buropean 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 of the wnbo itself is situated therefore on the almost plane dorsally
sloping declivity of 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 extremely delicate, slightly wavy
concentric lines, very slightly though very sbharply raised, following one another
at very close though somewhat variable intervals. The maximum distance

! Adcording to Sokolow, thisisdefined as an imagivary Lue drawn alongthe lateral surface of the valve, sud

mte:lsectmg each successive line of growth at the pomt wheve it is farthest distant from the sagittal plane of the
she]
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observed between two successive concentric lines is 0*9 mm., the avérage in the

middle of the left valve being about 0'5 mm.; there are, however, some parts of

the shell where the lines become much more crowded, followed by regions where
they gradually die out, or become blended together. The shell substance has not

been preserved in the inxmediate neighbourhood of the wmbo, so that the coneentric

lines are first observed at 11 min. from the apex, and are already distributed at the

same intervals as in the distal portion of the shell TIn addition fo the councenttic

ornamentation one can distinguish upon both valves a system of exceedingly

delicate radial lines separated by narrow intervals, and causing an undulation of the

concentric lines at their points of intersection. In places where the radial orna-

mentation ceases, the concentric lines still exhibit locally a slightly eontorted,
disposition, but only in a very irregular manner. In the leff 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 gmbo;
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 disfal direction, while at a distance of 30 nym. from the

umbo they completely disappear. The ventro-oral half of the shell scarcely shows any

traces of radial ornamentation. The right valve was probably ornamented in the

same way as the left one. Feeble 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 cast : at one place where the shell has been completely removed it
is observed in the shape of perfectly distinct, extremely shallow radial stripes of
feeble width (4 or b stripes to an interval of 17 mm.), while the coucenfric orna-

mentation, 2t 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, the 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
of the shell at a moderate distance from the wumbo 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 (18 to 3'5 mm.).

The solitary specimen is from Kibber.

ducella leguminosa differs from Awuc. Bronni, owing to the still more pronounc-
ed obliguity and distinctly more slender build of its shell, the graater convexity and
differently constituted umbonal portion of the left valve, the differently distributed
convexity of the right valve, the distinctly finer concenfric ornamentation, and the
conspicuous development of broad concentfric depressions in the ventro-oral region.
From Awe. spitiensis and duc. Blanfordions it differs principally by its greater

02
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obliquity, tke development of a radial ornamentation, and the differently distributed
convexity of the right valve.

The form deseribed by Sokolow as .dwe. Brommi var. leguminoss (Sokolow,
Aucellen von Timan vnd von Spitzbergen, Mém. Com. Géol. St. Pétersbourg, Nouv.
sér., live. 36, pp. 8 and 27, Pl I, fig, 4) is fotally different from the true Awe.
leguminosa as may readily be verified by comparing the illustrations.

ATUCBLLA SPITIENSIS, nov. sp. .PL X€VII, figs. 7-13,

Under this name I have included a whole series of specimens which in many
respects are intermediate between Awe. leguminosa and Auc. Blanfordiana. They
are distinguished from Aue. leguminose owing to their larger size, feebler obliguity,
different shape and convexily especially in the right valve, and a fotally different
ornamentation. From Awe. Blanfordians they differ by their distinetly greater
obliquity, the different shape of the umbo'in the left valve, the occurrence of broad
concentric depressions in both valves, and perbaps certain differences in the orna-
mentation.

Aucella spitiensis when full grown, attains a considerable size : the largest
available specimen is 70 mm. long, with a maximum estimated breadth of about
85 mm., while other specimens are nearly as large. The obliquity of the shell is
approximately the same as in the case of duc. Bronni Rouill. As in the case of
Auc. Bronut 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
{o the very feebly convex dorso-anal margin. The {erminal 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 extremity 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 mmbo is usually short, massive, broadly rounded
ab its extremity ; it is horizontally directed somewhat obliquely inwards and
forward, its ventral surface reaching the apex in an approximately horizontal direc-
tion.  The umbo is of variable size. Of special interest is the constitution of the
umbo in an immature specimen from Chidamu (fig. 11) ; the inner cast of the
umbo is much comprassed in a dorso-ventral direction, and, when viewed sideways,
it exhibits the éha,pe of a very sharp point in which the dorsal and ventral outlines
of the umbo meet at an angle of about 30°, When viewed directly from above, the
ambo of this speeimen exhibits the shape of an obtuse triangle the apex of which is
bluntly rounded. .Nevertheless, this abnormal appearance of the numbo is. fo bhe
regarded only as an individual variation. Most of the available specimens of the
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left valve.exhibit a very shallow, broad, {ransversal depression, with ill-defined
boundaxies, situated in the anterior part of the ventro-oral half of the shell ; it com-
mences at the anterior third, or nearer the middle of the reetilinear portion of the
ventro-oral margin and extends towards the umbe along the lower part of the shell.
It is completely absent from the variety. duc. spitiensis superba in consequence of
the exceptional shape of the shell, but it is at least discernible in all other forms of
the species. In those specimens of Awe. spitiensis £, typ., which exhibit an excep-
tionally distinet development of this feature, for instance in the specimen from Jandu,
Sherik river, illustrated, in fig. 10, the depression reaches, with a gradual attenuation,
as faras the “crest-line” ; in.other instanges it ceases to be perceptibie before reach-
ing the “crest-line’’, or may even'be restricted to the marginal portion of the shell.

The right valve is represented only by a small number of casts. It 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 which it is distinetly and irregularly convex both in a
longitudinal and transverse direction ave those which I have selected as types of
the varieties 4ue. spitiensis extensa and Aue. spitiensis superba. In contradistine-
tion to what is observed in the case of Aus. leguminosa, the zone of greatest con-
vexity actually corresponds with the longitudinal axis passing through the umbo.
The umbo of the right valve has been preserved as an internal cast only in one
single specimen'; it has the shape of a shallow, feeble projection with a blunt,
rounded termination, its apex being situated very slightly, though distinctly lower
than the portion of the upper shell margin situated behind the umbo. The same
specimen exhibits the byssal noteh and the longitudinal slit of the byssal ear- (fig. 9)
and théreby closely recalls the cast of a right valve from Novaya Zemlya illustrated
by Pompeck], in N, Johrd. f. Min., Suppl. Vol. X1V, p. 326.

Almost all the available specimens are in the condition of internal casts and
do not show any trace of radial sculpture, but only concentric ornaments, which in
most specimens assume the shape of extremely flat, rounded or slightly roof-shaped
folds, separated from one another by intervals of varying width, The average
interval between suceessive folds along the “crest-line” of the shell is about 2 mm.,
and is apt to increase towards the distal part of the shell. Near the umbo, the folds
are not closer together, but rather wider-spaced than in the distally immediately
following part of the shell. In one specimen of a left valve in the Schlagintweit
collection at Munich, also in fhe condition of an internal cast, the coucentric folds
assume the character of very slightly raised lines, which, in the ventro-oral part of
the shell, at a distance of 80°mm. from the umbo, follow one another at intervals of
08 to 1 6 mm. Close to the wmbo they give place to folds of normal character. In
exceptional cases the ornamentation of the cast becomes reduced to & few indistinet
concentric folds, and there are more or less extensive portions of the surface of the
cast devoid of all ornamentation.

1 This xight valve 0:curs in the same piece of rock as the left valve with an exceptionally small and pointed
umbo that has already been slluded to (fig. 11).



In order to form some idea of the appearance of the outer surface of the shelk
we can dispose of only very scanty material, as thesc arve very few specimens in
which any trace of the sheily 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,
' he concentric lines never show any trace.of the waviness that characterises Aue.
legusninosa.

A particularly characteristic feature of Auc. spitiensis is the occurrence of
shallow concentric depreéssions of varying breadth (the maximum breadth reaching
$ to 7 mm.), which become especially distinct as they recede from the umbo. Qn
the right valve these concentric depressions are usually less pronounced or totally
absent. The left valve usually exhibits only one depression of this kind ; 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 of the left valve.

Within the limits of Aducello spitiensis thete are a number of forms which
can be distinguished from one another by various peculiarities in their outward
appearance, and which are not connected by intermediate gradations. They might
just as well, therefore, have been regarded as separate species, and, if I have inclu-
ded them all under the collective appellation of Awe. spitiensis it is to conform
myself to the broad conception of species which, after the example of Lahusen
and Pompeckj, it is usval to adopt in the case of the  genus Awucel’la. Moreover,
it seems to me most probable that in spite of differences in their outward shape,
all the forms here united under the name of Aucella spifiensis really represent
sygchronous variations of a single species.

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

AvcELLA SPITIENSIS form. typ, Pl. XCVII, figs. 8-11.

The majority of the specimens belong to this form, the full-grown specimens
of which are characterised by the slender or moderately broad, elongate shape of
the shell, its relatively small size, and also the feeble development of the umbo
in the left valve and the feehle, regular convexity of the right valve. The largest
of the specinens 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
80 mm. Other specimens are decidedly smaller, The left umbo is aiways feebly
developed, and in one specimen from Chidamu (fig. 11), its east is produced into
a sharp point. The right valveis transversely very feebly and regularly arched,
longitudinally almost flat. '

The specimens are from the following localities ; Chidamu, Jandu E. G.
Hundes.
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ATUCELLA SPITIENSIS EXTENSA, nov. form. Pl XOVII, fig. 12,

One of the rock fragments from Chidamu contains two separate valves appar-
ently belonging to one individual, and .differing from the typical form of Aue-
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 ovigin at the anterior margin of the shell up to its termination in the dorsal
margin. The feeble umbo of 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 of a blunt rounded edge with a steep and.
almost rectilinear marginal zone. The flat median portion has a length of 80 .mm.
and a mazimum 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 fthe 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 declivons marginal
zone.

This form is distingnished from duwe. spifiensis £. typ. owing to its elongated
shape, the remarkable shortening of the umbo in both valves, and especially the aber-
rant distribution of relief in the right valve. Nevertheless it should be regarded, in
all probability, as merely an individual freak.

ATCELLA SPITIENSIS GRANDIS, nov. form. Pl. XCVII, fig. 7.

A large fragment of rock from Chidamu includes a number of speciniens 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 mna. -
The umbo is bluntly rounded at its extremity and is noticeably larger and thicker
than in the casc of Auc. spitiensis, and is strongly drawn inward. The concentric
depressions are feebly developed and are distinct only in the ventro-oral section of
their course. - We do not possess any well-preserved specimens of the right valve.
The unusual size and the powerful umbo distinguish Awe. spitiensis grandis from
both the foregoing varieties.

ATCELLA SPITIENSIS SUPERBA, nov. form. Pl XCVII, fig. 18.

Monotis concentrica Salter in Strachey’s Pal. of Niti, p. 91, P1. 22, fig. 4; nor H. F. Bla.nfom, Journ,
As. Soc. Bengal, Vol. 82, 1868, p. 136, P1. IV, figs. 6, 7.

This remarkable fossil which diverges widely from the typical form of Aue.
-spitiensis is represented by a single specimen from Niti which is preserved in the
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British Museum, and which Salter described and figured as Monotis concentrics
Blanf. This form is allied to Auc. spifiensis by the absence of involution in the
wmbo, the occurrence of deep concentric depressions in both valves, the distribution
of relief in the right valve, which latter character discloses a close analogy to Aue.
spitiensis extensa, from which it differs, however, as it does from every other form
of Auc. spitiensis owing to its exceptional breadth (32 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 duc. Blanfordiana.
Close to the umbo, in the right valve, one observes an almost flat vegion, 23 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 due. Bronni lcita Trautsch.

The above description is from a plaster cast from which the illustrations,
fig. 13, have also been drawn. '

AvucELLA BLANFORDIANA, Stoliczka. Pl XOVIII, figs. 1-9.

Monotis concentrica H. ¥. Blanford, Journ. ds. Soc. Bengal. Vol. 32, 1863, p. 136, PL IV, figs. 6,7 ; nor
Salter, Strachey, Pul. £ Nifi, p. 91, Pl. 22, fig. 4; nec ducellas ooncentrica Fisch., Keys. Reis

Petschora-Land, p. 300. .
ABucella Plar fordizna Stolicaka, Mem, Geol. Surv. Ind., Vol. V, 1866, p. 88.

Aucella Blanfordiana is distinguished from Aduwcelia spitiensis owing to its much
less pronounced obliquity, ihe difference in shape and reiief of itsleft valve, the con-
stant involution of 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 of about 60 mm. All the other specimens are much smallor.

The shell displays about the same degree of obliquity as ir the case of Awecelly
Pallasi Keys. The left valve exhibits a rather wide range of variation in its shape
and relief. When the shell is viewed laterally, the anterior truncation instead of
being irrvegularly and feebly convex and approximately transverse as in the case of
Aue. 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 lett valve is strongly convex bothin a longiiudinal and especially in a
transverse direction, becoming more flattened out towards the terminal region.
Hiven in the umbonal region the convexity remains almost always régular 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
Ulustrated in fig. 5. The umbo is always large. It is strongly deflected inwards.
I's ventral surface always appears deenly excavated when viewed in a medio-lateral
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direction so that the apex of the umbo appears greatly curved downwards. Usually
the shape of the umbo is relatively slender, though it may occasionaliy appear shext ..
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

-flat. 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 of the specimens show it in a
satisfactory state of 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 wnbo. Its upper margin is
limited by a low coil-shaped fillet, corresponding to the byssal ear and gradually
disappearing towsrds the umbo. .

'The ornamentation of the internal casts consists exclusively of concentric
ornaments in the form of very shallow folds of varying relief either roof-shaped or
more or less rounded, distributed at variable intervals. These folds are sometimes
disposed at’regular intervals in series of 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 07 to 28 mm.;
they are more crowded near the umbo. than at the posterior part of the shell. In
certain specimens where the folds are remarkably equal in size, and where they follow
one another at very regular intervals of about 2 muw., the type of ornamentation
becomes very similar to that of dwe. Pallasi Lah. Sometimes the concentric orna-
mentation of the casts becomes so scanty that they become almost smooth or only
bear the merest traces of comesatric decoration. Radial ornamentation is always
wanting. The ornamentation of the shelly layer comsists of prominent slender
lamells, 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 the left valve. There is a complete absence of concentric depressions such as
characterise dwc. leguminose and Awuc. spitiensis : the only exception is in the case
of an unusually large specimen from Jandu, Sherik river, illustrated in fig. 8, with
a broad umbo which seems but slightly involute suggesting a tendency towards 4ue.
spitiensis.

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

One rock fragment from Jandu, Sherik river, contains a whole breod of young
individuals of Aucelle Blanfordiana'; one of these small specimens is illustrated in
fig. 2.

I have identified Aue, Blamfordiane amongst specimens from the following
localities : Jandu, Sherik River (fig. 6) ; Kibber (fig. 1); Sirkia, south Hundes

1 This same rock fragment cont.iins specimens of Oppelia (Streblites) pugmaa Uhlig.
D
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{figs. 5, 7) ; Niti Pass, N, Kumaon (fig. 9). A few specimens (figs. 4, 8) are of un-
known origin.

Amongst species of ducello from the Jurassic of Europe, the one mast closely
related to dvo. Blanfordiana is duc. Pallasi Keys.; both species agree in all essen-
tial characters, such as the'involution of the left wmbo, the degree of obhqmty 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.
Aduc. Blanfordiena is ot closely related to any of the descendants of due. Pallasi
such as duc. mosquensis Buch., irigonoides Lah., Fischerions d'Orh., wolgensis
Lah,, ete., and other later species.

Avcerra P ForMmosa, nov. sp. Pl XCOVII, fig. 6.

This problematic species is represented by two isolated valves preserved as
internal casts in a fragment of rock bearing the label,: “Upper Spiti-shales (Btage
IIT) Lochambelkichak B G:; 19th July 1892.” The rock containing the two
specimens is one of the characteristic concretions from the upper Spiti shales,
The isolated left valve is of small dimensions, 18 mm. in length by 9 mm. maximwn
breadth ; its obliquity is about that of Aduc. Pallasi. The convexity near the umbo
is only moderately prononnced both longitudinally and fransversely, and the shell
flattens out completely towards its margins. The crest of the convexity follows a
line extending obliquely from ¢he ambo fo about the middle of the terminal margin
with a slight convexity turned towards the oral margin. The umbo whose state of
preservation is unfortunately not perfect is of very small size: its breadth at the
level of the posterior ear is 2'2 mm., and it projects beyond the wupper margin of the
posterior ear by 0°% mm. only. In the first third of ifs course, counting from the dorsal
side, the oro-ventral margin exhibits a pronounced and regular convexity which
gradually becomes lost towards the terminal part of its course where it becomes almost
rectilinear. Itis 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 mazimum breadth of 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 of a strongly developed
posterior ear almost flat 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 of a very depressed oblique triangle, at the apex
of which the short, nearly rectilinear and almost horizontal upper margin connects
with the equally rectilinear posterior margin of the shell at an angle of about 140°.
The almost rectilinear re-entering edge which bounds the ear along the convex part
of the shell, can be followed in a ventral direetion up to a distance of about 5 mm.
from the dpex, when it coalesccs with the posterior margin of the ear at a very
sharp angle. -
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The successive accretions are very delicately indicated on the cast where they
give rise to a succession of exceelingly shallow concentric furrows of varying width.
With a suitable illumination one can also detect in the anterior and central portions
of the cast, a radial ornamentation consisting of excessively delicate, extremaly
shallow linear grooves.

The right valve is represented Ly oue specimen of an internal cast of an imma-
ture individual. TUnfortunately 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 away with in-
creasing distance from the umbo. The cast exhibits no otler 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 genﬁs Awucella, to which I am nevertheless inclined
to refer it. TUnfortunately it is impossible to obtain certainty on this point because
the byssal region of the right valve is not visible.

Genus: INoCERAMUS, Sowerby.

The genus Inoceramus is represented in the Spiti shales by five species, Three
of these, In. Bveresti Opp., In. gracilis Holdh., and In. Stoliczke; 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 fnoceramus sp. and In. conf. sularum Boehm, are
very badly preserved, The last-named closely recalls the fossil from the Upper
Jurassic (Oxfordian) of Taliabu island, described by Boehm as I#. swlarum, but
considering its bad state of preservation, we are not justified in drawing any rigor-
ous conclusions from its general appearance of similarity.. The three forms from
the true Spiti shales, In. Breresti, 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, Beirrage zur Geologie von Niederlandisch-I dien, pt. 1, pp. 67 {.)

Inoceramus EvErEestI, Oppel. Pl XCVIII, figs. 12-14.

Inoceramus sp. Bverest, As. Researeh., Vol. XVIII, pt. 2, PL 11, fig. 29, 1863.
Inoceramus Bveresti Oppel, Pal. Mitt., Vol. I, 1862, p. 298.

P Inoceramus Hookeri Salt. 1865, in Strach. Pal. of Niti, p. 95, Pl. 28, fig. 1.

? Inoceramus Hookersi var. erenatulinus Salt. 1. e. p. 96, Pl 23, fig. 3.
Inoceramus Hookeri Stoliczka, Mem. Geol. Surv. Ind. Vol. V, p. 89, 1865,

This species is represented by a number of specimens exclusively in the condi-
tion of 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
D2
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or less regular shallow convexity and passes gradually, without any clear line of
demaication, 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
reciilinear 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 unal 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 -
whose total height is 85 mm., the upper margin extends up to 15 mm. from the
umbo. A jarge 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 wmbo is unfortunately badly preserved. It'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 of the umbo, it comes very
close to the anterior margin, especially in the dorsal région ; ventrally the distance
between the * crest-line*” aund the anterior margin gradually widens so that in full-
grown specimens the ° cresi-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 of the crest-line” the dorsal part of the
shell slopes inward with a continuous curvature of increasing steepness so that ifs
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 vengfral 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 of the shell
with a slight concavity. This zone of concave excavation extends obliguely from
the umbonal portion of the ligamental margin towards the ventro-anal margin and
diverges from the ligamental margin at an angle of about 30°.

The internal casts are ornamented with prominent concentric ridges, generally
more or less rounded at their sammit, or, more rarely acutely roof-shaped. Near the
umbo the ridges are delicite and crowded; with increasing distance they become
more prominent and wider-spaced. Moreover, the spacing of the ribs varies toa 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 distinetly developed along the region of the ¢ crest-line ”’, when followed in
a dorsal direction, either dwindle away o coalesce with other ribs. Both in their
dorso-oral and dorso-anal portions, all the ribs undergo gradually a considerable dimi-
nution in thickness and relief, the intervals between them being reduced at the same
time. The point of greatest umbonal distance, that is the point at which the ribs
bend round from a ventro-anal to a dorso-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.

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

Amongst the species from the Jurassic of Europe, we may mention In. obliquus
Morr. and Lye. (Pal, Soc., VI, Great Ool. Moll.,, p. 24, Pl VI, fig. 12) as pre-
senting a certain degree of resemblance with In. Fveresti.

In. Bveresti has been obtained from the following localities: Middle Spiti
shales, Shalshal, 22. VIII; Chidamu, 11. VII; Spiti shales, Hundes, Coll.
T. L. Walker; Upper Spiti shales (Etage III), Lochambelkichak E. G. (figs. 12,

" 14) ; Camp Laptel, 26th August 1873; Upper and Middle Spiti shales, Kuti (fig. 18).

One more specimen, unfortunately in a very incomplete state of preservation,
and which perhaps must also be included within this species, bears the following
label : “ Geode in black shales below Werfen beds. Doubiful on account of fossil,
but no Spiti shales are found on the south slope of Niti Pass. N. W. Kimplung,
S. W. Niti Pass”. The specimen certainly does show the characteristic type of

. fossi}isati’()n of the Spiti shales. ’

. 7 Whether In. Hookeri Salt. and crenatulinus Salt. really correspond with In.
Bveresti Opp. could not be decided without a reference to the original specimens
“which I have not been able to examine.

INOCERAMUS GRAGI};ISJ, nov. sp. Pl XCVIII, fig. 15.

8

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 iis
‘much more slender shape, the different distribution of relief, especially as regards
the far more pronounced oro-anal convexity, and by the much more oblique trend
of the ligament-margin which is accompanied by a distinct marginal zone.

Both the ventral region and the umbo are unfortunately missing. The dorso-
veritral 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-
mental 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 andﬁreg'ularly convex, so that inthe dorsal por-
tion of the shell the convex marginal portion is turned inwards, and therefore is
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visible only from inside (fig.. 15¢). The ligamental and anal margins converge 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 avex. Instead of the
slightly concave excavation observed in the dorso-anal portion of In. Fweresti, we
find, in the case of In. gracilis, a noticeably deeper and narrower chamber, which
follows the uppermost part of the anal margin 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 of ornamentation.

A small fragment 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 of the umbo which is unfortunately broken must have projected
considerably beyond the uppermost portion of the ligament margin.

As in the case of In. Bveresti, the ornamentation consists of concentric ribs
which, in the neighbourhood of umbo, constitute very shallow narrow folds, while
in & ventral direction they gradually acquire a considerable relief, their crest always
remaining very narrowly rounded. In the umbonal pertion of the shell, the region
of maximum distance from the umbo does not correspond with the « crest-line”, but
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 maximum’ relief
of the shell surface. Justasinthe case of In. Ereresti, some of the ribs are devel-
oped only in the middle of the valve, their prolongations gradually dwindling away
in & dorsal or anal direction, or else coalescing with adjacent ribs. The intervals
between successive ribs are very variable, the maximwum 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 Niti Pass in North Kumaon.

IxocERAMUS SroriczEarl, nov. sp. PI. XCOVIII, 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 localily of which is unknown.
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It is preserved only as an ‘nternal cast. The shell is only very slightly obligue
and must have exhibited a very broad, rcunded outline. The dorso-ventral and oro-
anal convexities arve both feebly developed. Tte inner cast of the small umbo has
the shape of a miedio-laterally compressed cone, moderately 1all and only slightly
rounded off at its apex. The lateral surface of the wmbo exhibits dorso-ventrally a
continuous curve ; it slopes ventro-laterally at an angle of about 45° in the terminal
region of the umbo, while the median surface exhibits a very steep inward slope af
the apex. The steep portion of the median surface of the umbo measures 14 mm.
in height, and, with a curved bend, passes over mediaily to a horizontal course.
When the valve is viewed directly on the flaf, the umbo exhibits an angle of about
100°, its oral outline appears slightly concave and assmnes an approximately hori-
zontal direction on reaching a distance of 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 alveady reaches the level of 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 of
the shell by means of a curvilinear bend. The width of this zone, as measured on
thecast, is 6 mm. In the umbonal region this marginal zone exhibits a moderately
steep curve in a dorso-anal direction and it extends obliguely backwards and up-
wards, finally paseing on the inner side of the umbo where it merges into the posi-
utnbounal marginal zone at an angle of about 100° without scarcely any curvature at
the point of jurction. The post-umbonal part of the npper margin is also accom-
panied by a medio-laterally disposed marginal zone, the anterior part of which is
only 3 mm. broad as measured on the cast. The post-umbonal portion of the dorsal
margin carries the ligament. 'the most anterior ligament pit 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. 108), the casts of the pits exhibiting the shape
of 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 1'3 mm., their height about 17 mm. At about one-third of
their total extent, measured from the ventral side, the rounded lateral borders of
the successive ligament 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 06 to 09 mm. In every direction
the boundaries of the casts of the ligament pits appear as sharply incised lines.

The ornamentation of the intcrnal cast consists of concentric ribs which are
broadly rounded at their summit. Their dimensions and spacing increase greatly in
a ventral direction, the intervals amounting to 6 mm. in the ventro-rarginal por-
tion of the shell. The succession of the ribs is essentially irregular: some of the
ribs are developed only in the middle of the shell, gradually dwindling orally and
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anally, or else coalescing with ofther ribs. The position of greatest distance from
the umbo lies somewhat -owards 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). It bears the
following label : “ Middle Spiii Shales, Shalshal, 22, VIIL” It is 40 mm. in length

vtk an estimated height of 30 mm. It is very feebly obligue. 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. Dorso-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 véry
irregular succession. _

Just as in the previonsly described specimen, the pre-unabonal marginal portion
i= drawn inwards, so that it is disposed medio-laterally ; yet the turned-in marginal
zone 1s connected with the flanks of the shell by meaps of a distinctly shallowec
convexity ; it attains a conside-able breadth near thé umbo, becomes gradually
contracted in'an oral dircction and disappears entirely in the foremost part of the
npper margin. The ligament margin is sitvated high up, and can be recognived
for a distance of 17 mm. On the inside of the umbo, it connects at an obtuse angle
with the pre-umbonal margin which exhibits a dorso-anally directed curve in the
umbonal region, Ouly in the neighbourhood of the umbo is the ligament margin
accompanied by a distinctly developed medio-laterally disposed marginal zone which
gradually disappears in an anal direction with increasing steepuess. 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.

IvocerAaMUS conf. SvnaRUM, Boehm.

The following.illustration represents a specimen of unknown origin, though
probably obtained from the Belemnite beds, It is an Inoceramus whose ornamen-
tation and feeble convexity recall somewhat 7w sulorum G. Boehm (Paleonto-
graphica, Suppl. IV, p. 70, PL XI, fig. 1). Owing to the poor state of preserva-
tion of the solitary specimen it is mot 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 counsists of
very shallow concentric xibs with broadly truncated crests, succeeding one another
at considerable intervals. In the upper part of the shell the distance between
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consecutive ribs is 7 or 8 mm., while the two lowest preserved ones are separated
by a maximum interval of about 16 mm.

Inoceramns conf. snlarum Béhm, natural size

INoORRAMUS 8D,

The Belemnite-beds contain numerous impressions of a species of Inoceramus
which, owing to their poor state of preservation can be neither identified mnor des-
cribed. The species attained very large dimensions, the estimated height of the
largest available specimen being at least 130 mm. The ornamentation consists of
wide-spaced shallow concentric ribs.

The Jocality and horizon of the specimens are: Chidamu, Tower Spiti shales.

Genus: Lima, Bruguiére.

LimMa MELANCEBOLICA, nov. sp. Plate XCOVI, fig. 4.

The figured specimen has the shell substinee pres.rved and is embedded in o
grey friable shale. The only other specimen is & badly preserved cast. Both speci-
mens are from Chidamu.

As will be seen from the figure, the shell is of small size, somewhat oblique,
greatly elongatod 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
E



=== FAUNA OF THE SPITI SHALES

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
portion of the umbo is not exposed.

The outer surface of the shell is diversified both with concentric and radial
ornaments. The conecentric sculpture consists of a small number of distinctly visible
lines of growth, besides which, in some of the best preserved portions of the shell,. a
strong lens reveals the presence of another set of lines of growth very close-set, sharp
and of extreme delicacy. The radial sculpture eonsists of 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. At 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 distinetly visibie ribbing in the
anterior part of the shell cn 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 nunber of distinet ribs on the flanks of the shell is 12.

The radial sculpture is somewhat different in the second badly preserved specl-
men mention of which has alr-e*dy been made and which I have nevertheless also
refersed to Lima melancholica. In size it approximately corresponds with the figur-
ed type. In the dorsal portion.of the. cdst 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'sha]loﬁ ribs. This costation disappears in
the neighbourhood of the anterior maigin. The number of distinetly visible ribs is
about 20,

Lima TRISTICULA, nov. sp. PL XCVI, fig. 5.

This species is represented by a number of specimens, several of which have the
shell preserved. They occur in the same shaly rock as Lime melancholices They
are from Chidamu. d

The shell is of small size. The specimen represented slightly enlarged in
PL XCVI, fig. 5, which is probably immature, has a height of 17°6 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 of 245 mm. witha 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 recilinear and stretches obliquely forward
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and downward, and connects with the anterior margin by means of a very obtuse
rounded-off angle. The apex of 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 aud very slightly convex and are connected by a
moderately strong convexity with the fairly flat bow-shaped lower margin.

With 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 of the
shell exhibits an extremely shallow broad concavity reaching obliquely from the
umbo to the upper third of 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 of the posterior third of
the upper margin. Its dorsal surface exfends 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 concentrie ornaments,
The only concentric ornaments visible to the naked eye in the dorsal part of the
shell are a few feeble lines of growth, but with the help of a strong lens one can
distinguish another set of extremely delicate lines of growth, very fine and very
crowded. In the lowermost part of the shell there are some lines of growth visible
to the naked eye, following one another at intervals of about 0-56 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 sheil, have an average breadth of 0:25 to 0'8 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 vibs observable in that part of the shell
are not nearly so distinet as has been expressed by the artist in PL. XCV], 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 tristicule is noi unlike Lima melanckolica, but is undoubtedly and con-
stantly distinguished by its somewhat smaller size, a swmaller degree of obliquity, a
somewhat shallower convexity, a different outline and its much finer radial orana-
mentation which shows absolutely no traces on the internal cast.

LA RoserTI, Oppel. PL XCVI, {ig. 8.

Limes Roberti Oppel, Pulwont, Mittei:., I, 1863, 1p. 273, 298, Pl 88, fig. 4.
Lima sp. Stoliczka, Mem Geol. Surv. Ind., Vol.V, 1368, 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 Munich,
’ E 2
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and another specimen of unknown origin in a very fragmentary state of preserva-
iion. belonging to the Calcutta Museum.

Both specimens are only in the condition of internal casts and display the
characteristic a ppearance of the 8piti shales.

The shell is of considerable size, only slightly inflated, somewhat strongly
oblique and produced in a ventro-oral direction. In the available specimens the
margins are all brokcn 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
the shell was approximately equal to the width measured oro-anally. The anterior
margin is connected with the ventral margin by means of a moderately strong
convexity. The ventral and posterior margins combine to constitute a continuous,
regular and fairly strongly convex curve.

The convexity both oro-anally and doiso-venirally is regular and moderate.
the uwmbo 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
appeaxs slightly excavated on the internal cast and becomss almost vertical towards
the terminal poriion of the umbo. It extends ventrally in an oblique direction with
a gradual curvature. ‘

The lunula is moderately broad; in the case of the fragimentary 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 17'56 mib. It is
separated from the flanks by a vidge. When the shell is viewed anteriorly the ridge
bordering the lunula seems to have a very feeble convexiiy and disappears in the
immediate neighbourhood of the umbo. The greatest breadth of the lunula is
situated at about one-third or one-fourth of its length measured from the dorsal
side. In the neighbourhood of the umbo, the floor of the lunula is exceedingly
flatly excavated in a transversal direction, In the ventral half of the lunula, the
floor seems almost flat.

The ornamentation consists of radial ribs which are very flat and feeble in the
neighbourhood of the wmbo, 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. I¥n the specimen illustrated on PI. XCVI, 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 of the shell, the radial ornamentation
becomes much less distinct. The ribs seem to be much more delicate and, at the
same time much more crowded than along the flanks. (In the'illustration the ribs
as shown in this part of the shell are far too strong and distinet). Along the
flanks of the shell, the ribs are fairly regularly distributed. About the middle of
the shell at a distance of 60 mm. from the umbo, the interval between two suc-
cessive ribs amounts to about 47 mm. The ornamentation is particularly well
presexved in the case of the inner cast belonging to the Calcutta Mﬁselim ; in this
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specimen, the ribs, throughout the greater portion of their course, have a sharp roof-
shape, with an angular crest which becomes rounded off only near their ventral
termination. In the figured specimen, however, the ribs, throughout their entire
oourse, have their crest flattened and truncated in rounded fashion, perhaps as an
effect of weathering. Exceedingly fine and very regular radial striations occupy
the floor of the intervals between successive main-ribs, The number of these very
fine striations in eath interval is 13 to 14. In the anterior portion of fhe shell,
however, the number of these fine striations becomes exactly double because another
set of still more delicate striations are alternately interpolated beiween the normal
sef of fine ones, In the cast from the Schlagintweit collection, the lunula appears
quite smooth. In the other cast, ‘the lateral half of its floor in the right valve
carries four very feeble, low, linear radial ribs at intervals of about 1 mm. With
the aid of a lens, some excessively delicate longitudinal striations can be detected
between these ribs. Traces of these exceedingly fine strize are also visible with 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 lines of
growth. The other specimen exhibits crowded striations of growth which are very
close-set, but at the saine time very feeble and indistinct,

Livas SPITIENSIS, nov. sp. PL XOVI, figs. 1, 2.

This form is represented only by two interral casts with scanty remains of the
shelly layer of both which I have referred to the same species though they differ in
size and certain other characters. The larger specimen is from Kuling, the other
from Kibber,

The shell is very large, rather strongly inflated, unsymmetrical, very oblique
and elongated in a ventro-oral direction. Tho flanks are continuously convex, the
specimen from Kuling being by far the more convex of the two. A considerable
portion of the margins is missing in both specimens. In the larger specimen, the
anterior margin remains almost rectilinear up to a distance of 80 mm. from
the umbo. Beyond this distance, a strongly convex inflection connects it with the
ventral margin which assumes the ghapé of a broad curve. At its dorsal extremity,
the anterior margin converges with the short pre-oral cardinal margin at a very
obtuse angle, whereby the 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 of the laxge umbo, when viewed dorsally, terminates in the
shape of a very obtuse triangle, the extreme apex of which exhibits a rounded trunca-
tion. When the shell is viewed from the antferior side, the umbo seems only
feebly deflected inwards, with an angular apex ; for a considerable distance on the
larger specimen, and only a short distance on the smaller one, the dorsal surface of
the umbo slopes obliquely inward at a shallow angle with a gentle curvature. The
medially directed slope of the umbo is excavated with a fairly pronounced and
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regular concavity ; its upper portion is overhanging. In the 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 of about 80 rom. from the umbo in the case of
the large specimen, while in the smaller specimen the estimated distance is
65 mm. Theridge bordering the lunula is more pronounced on the smaller specimen
than on the larger one. When the shell is viewed from its anterior aspect the mar-
ginal ridge of the Iunula exhibits a moderately convex shape. The maximum breadth
of thelunula is situated at two-fifths of its total length, counting from the umbonal
extremity. At that place, the width, measured across both valves, amounts to
40 mm. in the case of the Kuling specimen and 26 mm, in the case of the one from
Kibber. The floor of the lunula slopes rather steeply from its marginal ridge towards
a median direction. The small elevated anterior ear is bounded latera.lly by a broad
shallow concavity, almost parallel to the anterior margin of the shell ; it becomes
gradually shallower in & ventro-oral direction and can be followed all along the
anterior margin to beyond the middle of the lunula.

The internal cast of the larger specimen exhibits excessively shallow, wide-
spaced striations of growth which require a suitable incidence of the rays of illumin-
ation in order to become distincily 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 with
a suitable illumination. These striations ahmnost disappear in the neighbourhood of
the umbo, they become gradually more distinct when followed ventrally up to about
the middle of the shell and once more fade away towards the ventral third of the
shell. At about half the height of the shell, a distance of 5 mm, measured along one
of the striations of growth includes about 4 radial strize. The lunula, in the Kuling
specimen, does not show any tracc of vadial ornamentation.

The ornamentation of the flanks is somewhat more distingt in the case of the
cast from Kibber where it consists of radial lines of various strengﬁh distributed at some-
what irregular intervals and fading away towards the wmbonal and ventral portions
of the shell. This ornamentation is very well 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 Kibber specimen, the lunula also shows fine crowded
striations which disappear towards the medial third of its breadth.

The only subsisting remnants of the actual shell are observed in the Kuling
specimen where they occupy the region of the posterior ear and the marginal ridge
of the lunula in the left valve. They include remnants of the inner and middle lay-
ers, both of which exhibit delicate crowded lines of growth, the fragment of the bor-

dering ridge along the lunula also exhibiting fine xadial striations which are visible
even 1o the naked eye.

L. spitiensis belongs to the group of L. gigantea Sow. and,in its general appear-
ance, it recalls the European upper Jurassic form L. leeviusenla Sow. (Min. conch
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IV. p. 112, Pl 882 ; Goldfuss, Petref. Germ. II, p. 79, PL 102, fig. 8). Lima utatur-
ensis Stol. from the lower part of the cretaceous of Southern India (Utatur group) also
seems closely related (Pal. Ind., Crutac. Faun. of South. Ind, Vol III, p. 417,
Pl XXIX, fig. 3).

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

Genus : PEcTEN, Klein,

PECTEN INERTULUS, nov. sp. PL XCVI, fig. 7.

Asmusium sp. conf. Pecten Solidus Trautsch. Stolickza ; Wem. Geol. Surv. 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 Kibber.”

It is of small size and almost flab. The umbo and ears are missing. The ven-
tral and lateral margins combine to form a coniinuous eurve 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. At a few
places the cast also exhibits some very indistinet traces of linear radial striations.

ProrEN sp. PL XOVI, fig. 6.

The figwrod specimen, a very fragmentary cast, is the only representative of
this form and it is foo imperfect for an accwrate diagnosis. ‘Thesurface of the cast is
ornamented with eight conspicuous primary radial ribs, separated by intervals each
of which bears from 7 fo 9 much finer secondary ribs. The secondary rib occupying the
middle of each tuterval is somewhat more conspiocuously developed than its fellows.

The specimen is from the Upper and Middle Spiti shales of Kuti.

Genus : OSTREA, Lin.

OsrrEA sp. PL XOVI, fig. 8.

Amongst the material to which I have had access, there occurs one specimen of
an Ostres of which I give a figure. It bears the following label ¢ Spiti Shales,
Gieumal (7). '

That this fossil really comes from the Spiti shales seems unlikely for the charac-
ter of the rock differs widely from that of the Spiti shales. The sheli is embedded
in a reddish-brown pisolitic limestone which {rom its lithological aspect recalls the
Kelloway rock. '
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Genus : Nucurna, Lamarck.

Nvuctrra SPITIENSIS, nov. sp. Pl XCV, figs. 11-18,

DNucula cuneif ornss H. F. Blaford, Jours. As. Soc. Bengal, Vol. XXXT7J, 1863, p. 135 and Stoliczka Mem. Geol-
Sure. Tnd. Vol V, 1866, p. 90 ; non Sowerby, Geol. Trans. Ser. 2, Vol. V. P1 XXT1J, fig. 4.

This species is represented by a large number of specimens all of which have
their shell preserved, but which are generally greatly distorted. They weve obtained
at Kibber, Chikkim and Gieumal

As may be seen from the illustrations, the shell is of moderate size, moderately-
inflated, equivalve, very unsymmetrical, very much truncated posteriorly,' and great-
ly elongated anteriorly towards the oral margin. The dorsal margin remains almost
straight for a considerable distance anteriorly to the umbo; it is only on reaching the
last third of 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 margin is connected with the dorsal margin by means of a short
very convex curve, beyond which it extends very obliquely backwards and down-
wards. The ventral margin remains almost vectilinear in its posterior portion
throughout a distance eqlal to almost half the total length of the shell and is con-
nected at its oral extremity with the anterior margin through a gentle even curve.
When 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 of 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 of 110° to 120°. This
post-umbonal poxtion of 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 hindmwost part of the shell. Tts
apex which comes almost directly in contact with the uppermost point of the hinge-
line is obliquely deflected in a median direction. Tie angular edge limiting the
tunula, and that of 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 of the shell, the dorsal surface of the umbo appears to
slope backward rather obliquely with a gentle curvature for a distance of about
56 mm. When the shell is viewed from its anterior side, the dorsal surface of the
umbo appears strongly and regularly convex, deflected downwards in a median

 {Vithregard to the ovientation of the shells of Nucule there is still a great deal of confusion hoth in palson-
tological and in zoological works, The anatomy of 1he animal jndicates that the longest side of the unsymmetrical
shell is really the pre-umbonal one and the shorter side the post-wmbonal. Crnsequently in Nucula, the umbo & situ-
ated posteriorly to the middle of the sheil, just as in the case of Donaw, Pisidswm, and wany species of Lima, contraxy
to what one observes in most inequilateral shells where it vecupies an antevior sitaation. See : Drew, Some ohservations
on the Habits, Anatomy end Embryo]ogy of Menbers of the Protobranchia, 4.2af. Anzeiger, Jens, Vol. XV {1899), pp.
493-519 (especially fig. (2, p. 497) and Fred. Vidy, Locomotion de la Nucule, Bedl. Soc. Zool. France, Vol XXIX,
pp. 191-196,
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direction for a considerable extent and disposed almost vertically in the immediate
neighbourhood of the umbonal apex. I ‘

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 occu--
pies almost the whole length of the dorsal region. When 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 lunula
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
distinet up to the termination of the lunula. The greatest breadtl of the lunula is
situated at about half its length. DJeasured across both valves it amounts to
13 mm., in the caseof 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 of 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 13, the floor of the lunuls
exhibifs on either side an exceedingly obtuse indistinct swelling, which follows a
curvilinear ‘path diverging radially from the umibo, extends towards the terminal
third or fourth of the total length of the pre-umbonal dorsal margin and dis-
appears just before reaching it. This swelling does not scem 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
fat in the middle, while at the sides it slopes towards the marginal edge.

The ornamentation of the shell consists of striatioas of 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 following one to
Nucula cuneiformis Sow., from Kachh. TUnfortunately 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 spccies can correspond with
N. cuneiformis.” G. Boebm has given a short description of a species from Taliabu .
island in the Sula Archipelago, under the name of Nucule toliabutica (Paléeonto-
graph, Sappl. IV, 1907, p. 52, Pl. VIII, fig. 1). Nwcula spitiensis is distin-
guished from this species by its different outline, much feebler convexity, larger

ambo, the more pronounced marginal rim of the lunula and other differences.
¥
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Nvucura HYOMORPHA, nov. sp. PL XOV, figs. 14-17.

This species is represented by a small number of specimens with the shell
preserved. They are usually distorted, but, instead of being compressed laterally as is
generally the case with Nuculs spitiensis, the compression takes place exclusively
in a dorso-ventral divection.! Most of the specimens are without any record of their
localities. One specimen bears the label * Chikkim *.

Nucula hyomorpha vesembles N, spitiensis in its general appearance ; neverthe-
less a whole series of differences place its specific distinetness beyond any possibility
of a doubt. The following description is restricted principally to a statement of the
differences between the two species.

Nucula hyomorpha is on an average of a somewhat smaller size than
N. spitiensis. It is distinctly more globose. One of the specimens is 26 mm. long,
85 mm. thick, and 17 mm. high. The flanks are distineily more convex than on
N. spitiensis. The most anterior third of the pre-umbonal dorsal margin is
bent only very slightly with a gentle curvature. The anterior margin is distinctly
more convex and less obliquely disposed thanin N. spitiensis. It joins on to
the dorsal margin with a shallow curve. The ventral margin exbibits throughout
its entire length a very feeble curvature, When 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. spifiensis, 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, kyomorpha whose flanks merge into
the medially sloping dorsal region through a perfectly continuous, uninterrupted,
regular convexity. All the well-presexved specimens exhibit a feeble, shallow,
but very distinct obtuse edge, equally developed throughout its entire extent,
sitnated close to the cardinal margin and extending in an orai direction from
the nmbonal 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 V. spitiensis. Its maximum breadth is situated at about
the middle of its course. In one specimen with a total length of 26 mm., the
maximum width of the lunula measnred across both va.ves is 3 mm. In another
specimen 27°5 mm. long, it is 32 mm. The floor of the lunula slopes gently
inward throughount 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 slopesteeply towards the
enclosing rim.

! This constitutes a constant distinctive mark from Nucula spsitiensis, conmmected with the difference in the
cauverity of the shell. During the course of the sedimentation of the enclosing rock, the compression of-the shelt
results from the weight of the superimposed sediment., After the death of the animal, the flat shell of Nueuia
Spitiensis probably rested om its side and was therefore laterally compressed, while the dead shells of the much more
globose Nucule hyomnorpha remained in a vertical position and consequently were dorso-ventrally compressed,
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The concentric ornamentation is on an average somewhat finer and more
regular than in the case of V. spitiensss.

Nucula hysmorpha recalls N. taliabutica Boebm from which it is disbin~
guished by a smaller average size, a less exaggerated convexity, a more depressed
shape and by the presence of a distinet 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. faliabufica figured by Boehm on
Pl, VIII, fig. 1 of kis monograph. ‘

The Buropean Jurassic also contains some species exhibiting a general similarity
to N. hyomorpha.

NUcvLa KIBBERIANA, nov. sp. PL XOIX, fig. 1.

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

Nucula kibberisna is at once distinguished from the two preceding species
owing to its shape which is much less elongated orally. The solifary specimen . is
18 mm. high, 22 mm. long and 13 mm. thick. The pre-umbonal dorsal margin
remains almost rectilinear up to a distance of about 14 mm. from the umbo beyond
which it merges into the anterior margin with a geatle curvature. The anterior
margin shows a somewhat pronounced regular convexity ; its ventral portion com-
bines with the ventral margin to constitute a rather oxtended, nniform, are-shaped
curve. The posterior portion of the shell is distorfed. The uwmbo 1s large, situated
in the posterior part of the shell and similar in shape to that of Nucula spitiensis.

The Iuaula has a length of about 13 mm. with an estimated maximum breadth
of 6 mm. TUnfortunately the shell is somewhat distorted in the region of the Iunula.
The lunula is divided off from the flanks by means of a very indistinct marginal
ridge of 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. fror
the umbo. The area is greatly distorted ; apparsntly it had a slender cordiform
shape.

The ornamentation is similar to that of Nucula hyomor pha.

Nuoura sp. PL XOIX, fig. 2.

The internal cast illustrated in fig. 2, Pl. XOIX, does not seem to agree
with any of the above-described species, The only indication of locality recorded
on the label is ¢ Spiti valley.”

It is of moderate size, very convex, greatly elongated in an anterior direction.
The maximum length measured in a direction parallel with the pre-umbonal dorsal
margin is 17'8 mm. ; the height measured from the middle of the dorsal margin
to the middle of the ventral margin is 12'2 mm. ; the thicknessis 11'8 mm. The

' In the illust ‘ation the height is shown too great by about 1 mm,
T2
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umbones are situated in the hindmost part of the shell. The pre-umbonal portion
of the cardinal margin is rectilinear throughout a considerable extent of its course ;
it bends round af an angle into the much shorter post-umbonal cardinal margin.
The dorsal portion of the anterior margin is broken ; its ventral portion combines
with the 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, with a rounded truncation
only at the extremity of its slender apex. The medially 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 of the umbo is situated about 2:3 mm.
above the deepest part of the ligament impression. Along the laterally directed
slope of the umbo, one notices a very shallow, slender, short radial furrow, break-
ing up, in a ventral direction into two branches avhich 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 umbo; 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 of strong cardinal teeth, the exact number of which cannot be
ascertained. The length of the lunula is about 12 mm.; 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. Theregion thus
enclosed on the posterior portion of the cast comes to resemble an area with a
height of 85 mm. as measured from the apex of the umbo and a maximum breadth
of 62 mm. measured at about half its length.

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

Nucura DisNEerl, nov. sp. Pl XCIX, fig. 8.

Nuenla sp., Stoliczka, Mem. Geol. Surv. Ind., 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 106 mm:, its height 75 mum., and its thickness 55 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. of its
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pre-umbonal and post-mnbonal portions. In aun oral direction the dorsal margin
passes info the anterior margin by means of 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, fairly shallow arc-shaped
curve. From the general aspect of the specimen, the pre-umbonal portion of the
shell seems to have been very little, if at all, more elongated than the post-umbonal
one, thongh distinctly taller.

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

The umbo is small and extends very little beyond the cardinal margin. Itis
directed approximately rmedially and is only very slightly deflected inwardsin a
horizontal direction. When the shellis viewed from the flank, the umbo exhibits
the shape of an obtuse triangle with rounded-off apex. Viewed dorsally, the termi-
nal portion of the umbo seems very obtusely and broadly rounded. When viewed
from the anterior side, the dorsal surface of the wmbo appears almost horizontal for
a certain distance and does not slope medially until quite cloge to the apex.

The surface of the cast is perfectly smooth without any distinet 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
of the cardinal ridge counstitutes a narrow furrow extending for a distance of about
3'2 mm. on the oral side of the umbo, and of about 2'3 mm. on the anal side,
Towards the middle of the cardinal line the impressions of the teeth are rather well
preserved. The pre-umbonal portion of the cardinal margin 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
unablée to observe any teeth in the portion of the cardinal margin situated im-
mediately between the umbonal apices which are not clearly exposed.

Nuoula Dieneri belongs to a group of species which is represented by a whole
series of formsin the Jurassic of Burope. The species described by Borissjak as
Nucule cf. subovaiis Goldf. from the Bajocian of the Donetz appears to me very
stmilar. (Nuculid. der Jura ablag. des europ. Russland, Mém. Com. Géol. St.
Pétersbourg, new series, fase. 11, p. 41, PL II, fig. 18).

Genus: Lepa, Schumard.

Lepa spee. Pl XCIX, fig. 4.

‘This species is represented by a solitary badly preserved mternal cast which was
obtained between Chidamu and the Kiangur Pass.

The illustration gives an idea of the outline of 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
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intact. The shell is feebly and regularly convex. The uwmbo is low and of
moderate size. The cardinal margin is not visible. The ornamentation of the cast
is restricted to a few very shallow unequally developed striations of growth. The.
specimen cannot be more exactly described owing to its poor state of preservation.

Lepa ? sp.

Another solitary cast which is very incompletely preserved probably also:
belongs to the genus Jeds but is ngt in any way identical with the foregoing
species. It bears no record of its original locality. -

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

Genus: Arca, Lamarck.

Arca (Cucvnnza) Eeerroniaws, Stoliczka, Pl XCV, figs. 1-10.

Area sp, Herbert, Glearn. in Se, Vol. III, 1881, p. 272, P1. XV, fiy. 6.

drea sp , Bverest, Asistic Researches, Vol. XVIII, Pt. 2, 1833, p. 114, PL 1, ig. 27.

Cuculiea virgata, H. ¥, Blanford, Journ, 4s Soc. Beng., 1863, p. 138 ; non Sowerby Trans. Geol. Soe.
London, 20d ser., Vol. V, PL XXIJ, 6g. 1.

Macrodon Egertonianem Stoliezka, Mem. Geol. Surv. Ind., Vol.V, 1866, p. 89, PL VII], 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-grown specimens the post-umbonal part of the
shell is often more than three times the length of the part situated in front of the
umbo. The rectilinear hinge margin connects with the anterior margin at a dis-
tinctly acute angle, which in only & few specimens becomes a right angle in
consequence of a truncation affecting only the extreme end of its anterior
extremity. The anverior margin exuibits a shallow curvature and passes gradually
into the lower mavgin without any distinct point of separation. Io 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 lower .margin 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 of 120° to 130° which is truncated by a



-short curvature only at its extreme sumnmit. The degree of convexity does not vary
much: an isolated left valve 48 mm. long has a depth of 18 wmm., while in the case
of another valve 47 mm. long, the depth is 155 mm. When the shell is viewed
from above, the outline of each flank exhibits the shape of a eurve whose maximum
convexity is in the middle, while it flattens out quickly towards the oral and anal
extremities. 'When the shell is immature, its anterior poriion, as seen from above,
is drawn out in the shape of a beak. In full-grown spscimens it is more or less
broadly truncated, the truncation appearing either as a very obtuse angle or quite
flat. The anal termination always appears sharply pointed. The umbo is
moderately involute at its apex ; it is of moderate size and obliquely deflected
forward and inward. S

The ligamental area varies a great deal in breadth; in one specimen of an
isolated right valve with a length of 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 isonly 6 mm. In its middle region the area is quite flat and
horizontal, while, towards its margins in the region of the umbo, it exhibits, in the
case of full-grown specimens, a pronounced slope, so that the apex of the umbo is
raised about 1'5 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 more or less obtuse and after a pro-
longed almost rectilinear course, it is abruptly inflected inwards so that, in full-
grown specimens, the ligamental 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-umbonal margin of the area is
distinctly raised above the floor of the area. The post-umbonal margin of the area
follows an almost rectilinear course almost parallel with the hinge-line up to a dis-
tance of about 21 mm. from the umbo, beyond which it gradually approaches it
and finally converges with it. The angle of convergence, in the case of full-grown
specimens, is 76°.  In the case of full-grown specimens the post-umbonal margin of
the area is distinctly raised above the floor of 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-umbonal marginal edge is sometimes very sharply angular, but in the
majority of cases the angle is more or less truncated. The ornamentation of 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 ligamental stria-
tions do not occupy the entire surface of the area but are separated from its margin
by a zone of varying width which shows nothing but the normal lines of growth.
In the post-umbonal part of the area this marginal zone has a maximum breadth of
17 mn., its inner boundary is quite sharp and runs in equal distance from the outer
marginal rims of the area fairly throughout its whole extent. In the pre-umbonal



part of the area this inner border may either yun parallel with the outer marginal
rim of the area and share in its curvature, (fig. 1d.) 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 marginal zone, characterised by the presence of lines of growth,
instead of forming a continuous border of approximately constant breadth, consti-
tutes a very obtuse triangle (fig. 3¢). With a sufficiently abundant material, both
extremes would be found connected by every possible intermediate gradation. One
of these intermediate types is illustrated in fig. 9.

The structure of the hinge is visible in two isolated leit valves and in the anal
portion of one right valve. In the case of the left valve the anterior portion of the
hinge exhibits two powerful ridge-shaped teeth separated by a furrow which
gradually contracts in an anal direction. The uppermost of these teeth is parallel
with the upper margin of the hinge-nlate and is separated from it by a narrow
furrow, while the lower tooth is somewhat obliquely disposed and converges notice-
ably in an anal direction towards the upper tooth. In the case of one specimen,
which, in the middle part of the hinge, is unfortunately in a poor state of preserva-
tion, the upper tooth can be followed backward almost as far as the umbo, while
the lower tooth disappears much sooner and attains a length of not more than 4°6
to 5 mm. in the case of valves 47 to 48 mm. in length. Both teeth approach with-
in 2 mm, ofthe anterior margin. The lower tooth is best developed at its anterior
extremity and loses gradually in breadth and height when followed backward.
One of the specimens shows indications of a third tooth situated on the ventral
side of the .secon‘d tooth, in the shape of a short very oblique edge-shaped protuber-
ance. The posterior portion of the hinge, in the left valve, also shows two power-
ful 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 anteriorly ; it is
parallel to the upper margin of the hihge—plate and is separated from it by a narrow
and shallow furrow. Below the lower dental ridge there is still a rather narrow
ard shallow dental furrow. The middle portion of the hinge is unfortunately very

much weathered in both specimens. The hinge of the right valve is preserved only
"in its anal portion in the case of one full-grown specimen (fig. 10). It exhibits
two powerful perfectly horizontal parallel dental ridges, of which the upper one can
be followed forwaid for a distance of 14 mm., while the lower one disappears much
sooner. In a specimen whose total length is 55 mm., the groove separating the
dental ridges ceases to be distinct after a distance of 9 mm. When followed to-
wards its afiterior end, gradually contracting in an oral direction. On the ventral
side of the lower horizontal dental ridge; there also occurs one short oblique dental
lédge, extending for a total length of 4°5 mm. and separated from the adjacent
dental ridge by a dental furrow which becomes gradually contracted as it trends in
an oral direction. Yhe flanks of ilie dental ridges in both valves bear fine crowded
transverse wrinkles which are perfectly plainiy visible even with the naked

eye.



LAMELLIBRANCHIATA AND GASTROPODA.

The posterior portion of the shell displays an elongated triangular field slightly
excavated in a fransverse direction and divided off from the flanks of the shell by
means of an edge which -trends very obliguely from the umbo towards the lower
corner 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 of full-grown specimens the anal
portion of the field is almost flat.

. The ornamentation of the shell includes both concentric and radial ribs. The
coneentric costation consists of more or less wide-spaced ribs, which are especially

distinet in the middle of the flanks, while they gradually dwindle in an anterior
and posterior direction. They usually have more or less the shape of 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
which case they succeed one another very regularly and at regular infervals. The
breadth of the congentric ribs varies considerabiy : there is every gradation from

eoils with a breadth of 16 mm. down {o the finest striations of growth. Many

specimens are without any-thstinot concentric ribs and only exhibit delicate strie of

growth. Near the wmbo the concentric ribs are always very fine or totally absent.

The radial ornamentation varies considerably. In all the available specimens
the right valve has its ribs distinetly or considerably finer than the left valve, es-
pecially in the regions furthest removed from the umbo. In the region of the
umbo the ribs ahnost always exhibit the form of a shallow roof. On the left valve
they gradually thicken distally and assume the shape of more or less pronounced
coils which are more raised at their intersections with the concentric ribs than in
the intervening portions. On hoth valves the radial ribs attain their maximum
thickness in the posterior half of the flanks. Towards the oral side of the shell the
intervals between successive ribs become gradually greater, so that the pre-umbonal
portion of the flanks usually carries only 8 or 4 wide-spaced ribs. The number of
flank-ribs varies in the available specimens from 12 fo-16. Alternating with these
main ribs, one ohserves in the case of many of the specimens a set of secondary ribs
which disappear in the umbonal region, and are considerably feebler than the main-
ribs. There are usually two, or rarely only one of these secondary ribs in each
main interval. Occasionally the secondary intervals themselves bear one or two
additional ribs which, are usually still finer than the secondary ribs, though they are
sometimes scarcely feebler. When this happens there may result a system of 5 or
6 fine ribs between every other main rib. This interstitial ornamentation may
occur on’ both valves, yet it is rather exceptional, for the majority of specimens do
not exhibit any indication of intercalary ribs between the main ones.

In the triangular field on the post-umbonal part of the shell besides the strongly
marked growth striations, one observes only three or four radial ribs which are
indeed very feeble and distinctly visible only near the umbo. In an isolated left
valve with exceptionally prominent sculpture, these ribs remain distinet up fo a

distance of 30 mm. from the umbo fowards the anal portion. Another isolated left
B
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valve exhibits feeble though distinct secondary ribs in the two lowest interstices of
Ahe 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 ” (fizs. 3,6). One of the specimens from the Schlagintweit collection
in Munich is labelled * Ki (Spiti).”

Arca Bgertoniana is not closely related to any other known species. In many
characters it recalls Cucuwllea virgata Sowerby from Kachh, (Trans. Geol. Soc.
_London, 2d ser., Vol. V, PL. XXII, fig. 1), and Cucullea Lasti G. Miller (Jura
Kreide D. O. Afrika, p. 20, PL XVII, fig. 1). Nevertheless it is improbable that
there can be any close genetic connection between 4. Egerfoniana and either
of these species. The excessive posterior elongation of the shell, its much feebler
-convexity, the less crowded radial ornamentation, ete. easily distinguish 4. Eper-
- toniana from either of the above-named species,

According to B. Bullen Newton (Geol. Mag., 1896, p. 294) Arca Egertoniana
occurs also in Somaliland. The African specimens are said to agree entirely with the
Indian ones. According to R. B. Newton and G. C. Crick, it occurs also in Arabia,

Genus: TRIGONIA, Bruguiére.

TRIGONIA SPITIENSIS, nov. tp. Pl XCIX, figs. 5, 6.
Drigonia costata Stoliezka, Mem. Geol. Surv. Ind. Vol. V, 1866, p. 90 3 non Sowerby.

The species which belongs to the group of 7'r. 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 mm. ; in the other these dimensions are respect-
ively 29'56 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

'which 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 ornaments ; the width of this space is about
1'3 mm. in the middle portion of the shell. The concentric ribs are almost " parallel
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with the lines of growth which they distinctly infersect only at their anterior ex-

tremity where they trend towards the anterior margin 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 infervals, in the middle of the shell, already amount to 2 mm,
The structure of the posterior termination of the concentric ribs is especially inter-:
esting. Unfortunately it is observable on only ome of the specimens (fig. 6) and

even then is not sufliciently perfect to be quite intelligible. Up to a distanee of

1256 mm. from the umbo, the posterior termination of the ribs seems quite rectili-

near and they appear to become lost into the bare zome without any change of

strucsure. The following rib-termination, at a distance of 145 mm. measured’
along the bare ante~carinal zone, when examined under a suitable illumination al-

ready show traces of a feeble dorsally directed inflection, which, in the following

rib, becomes already much more distinet. The latter becomes gradually reduced

in height and thickness at its extremity, and reaches much further back 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 examina-

tion still reveals traces of the dorsally directed inflection. The following 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 usto. the conclusion that, in all proba-

bility, the anal terminations of the ribs exhibited a curvilinear deflection which

however is not observable in the upper part of the shell where it probably, in fact,.
did not exisf.

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
of very delicate radial ribs bearing slightly raised crowded granulations. These
granulations, and their interspaces, gradually increase slightly in size as they recede
from the umbo ; at half the height of the shell there are 7 granulations to an inter-
val of 5 mm., while in the lowest part of the ares, the same interval includes only
5. In consequence of the very regular spacing of the granulations, they constitute
regular transversal series conforming to the direction of the lines of growth, and
trending obliquely inwards and upwards in the form of a slanting trellis, The
granulated 1ibs are very close-set, diverging gradually and regularly in a distal direc-
tion. At a distance of 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 of growth.
The interval between the outermost granulated ridge and the crest of the cavina 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 of closely related forms represented in

India by Trigonia brevicostate Kitch., distincta Kitch., dhos@nsis Kitch., and nifida
B2
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Kitch., all from the Chari group, and in Australia by T». Moorei Lyc., while the
other Jurassic regions have not yielded, so far, any closely analogous type. From
Trigonia dhosensis Kitch., a species of the Upper Chari beds (Jur. Faun. Cutch,
Gen. Trigonia, Pal. Ind. Ser. IX, Vol. III, Pt. 2, p. 29, PL III, figs, 1, 2), Ligo-
wio spitiensis is distinguished by its somewhat different shape, much feebler
convexity, narrower ante-carinal zone, feebler indentation at the lower margin of
the shell, more crowded ornamentation of the marginal carina, apparently still more
delicate ornamentation of the area. From the similarly closely related T'». drevi-
costata Kitch. (7. ¢, p. 28, Pl II, figs. 4, 5) from the Lower Chari beds, the Spiti
form is distinguished by a somewhat different shape, a much feebler curvature of the
concentrie ribs, a narrower ante-carinal zone with a smaller indentation at the lower
margin of the shell, wider spacing and greater bulk of the tubercles on the marginal
carina, and apparently more delicate ornamentation of the area. As regards the
ornamentation of the marginal carina, Pr. spitiensis ocoupies an intermediate posi-
tion between the two species from Kachh.

Genus.: ASTARTE, Sowerby.

The Spiti shales exhibit a remarkably rich development of the genus Astarie
both as regards individuals and species. All the specimens have their shell
preserved.

The distribution of the rich material into separate species presents certain
difficulties. - It appears to me that there are four species readily distinguishable by,
means of thej# shape and their degree of convexity. Nevertheless there also occar
individuals exhibiting certain intermediate characters.

Two of the species appear to be represented in Kachh by closely.related or
identical forms. These are Astarte Hermanni which is perhaps identical with
A. unilateralis Sow. from Kachh and A4 Sowerbyone which seems very closely
related t0 A. major Sow. (nom Ziet.) also from Kachh. Unfortunately 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 Spitispecies of Astarte are not clearly related to any extra-Indian forms.

AstaArTE HERMANNI, Oppel. Pl XCIX, figs. 7-11, 14.

Astarte Hermanni Oppel, Paleont Mitteil., I, 1863, pp. 273, 2974

Astarte? uwiloteralis J. de C. Sowerby, Trans. Geol. Sve. London, 2vd ser., Vol V, 1840, Pl. XXI,
fig.14.

Astarte unilateralss Salter 2» Strachey'’s Pal of Niti, 1865, p. 97, PL 28, fig. 10, wn Sow.?

Astarte unilateralis Stohczka, Mem. Geol. Surv. Ind., 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 & few are
labelled ¢ Chikkim .

? 'The following references probably alsc apply to this species =—
Unio ? and Trigonia? Rerbert and Bverest, Gleanings 7n Secience, Vol 111, p. 272, P). XV11, fig, 40, 3,
{1831). :
Uiio P-Bverest, Asiat, Research. Vol XVIII, Pt, 2, 1833, p. 114, P1. 1], fig. 26.
Astarte planate Sow. vav. J. de O. Sowerby, Asiat. Research., Vol XVIII, Pt. 2, 1833, P 278.
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Astarte Hermamni is distinguished from all the other species of the Spiti shales
by its relative dimensions which are as follows :—

Length, Height, Thickness,
370 mm, . . . . 28°5 mm, , . ; : « 17°0 mm,
8¢5 ,, . . . . .290 ,, . . . . . 160
406 ,, . . L3815, . . . . L1765,
480 ,, . . L2956 ,, . . L1195
495 ,, . . . . .387°0 ,, . . . . . 235 -,
510 ,, . . . . . 390 ,, . . . . . 240

The shell is greatly elongated in an anal direction, and very convex. The
faithful illustrations give ax 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 less pronounced in all the other 4starte species of
the Spiti shales. The straight ligaméntal margin is connected by means of a very
shallow curvature with the anal margin. The anal margin in its dorsal portion
dlsplays generally a very shallow curvature, while ifs ventral portion is nearly always
much more convex, and unites by means of acontinuous curve with the sha]low\ arc-
shaped trend of the ventral margin. ~ Theanferior margin in its ventral half forms
a fairly prominent convexity, while in ‘the region of the lunula it is excavated by a
shallow concavity. Theumbo is situated in the anterior part of the shell ; it projects
only slightly beyond the cardinal margin. At the apex of 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 oris
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 82’5 mum. and a maximum breadth of 7:5 mm.
In another specimen with a length of 87 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 area 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
of 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 umho the area is
bounded by a sharp edge which gradually becomes truncated as it trends in an anal
direetion, until it becomes very much rounded off. Internally to this marginal rim
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there follows a very narrow marginal zone which slopes inwards at a somewhat
steeper angle than the medially sloping floor of 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 of 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
of full-grown specimens. This feature constantly shows a somewhat different
development in the case of the left valve. The marginal rim in the left valve
constitutes a distinet edge only for a short distance from the umbo ; asit trendsanally-
it becomes much more rounded off than in the right valve. The steep marginal
zone adjacent to the rim is distinetly visible only aldng the proximal half of the:
area in the leff valve of full-grown specimens and becomes completely obliterated
in an anal direction, so thiat the horizontal fioor of the posterior portion of the area
merges directly by means of 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 of the lunula is more or less broadly oval with upper and lower
pointed terminations. Its inner portion appears but slightly concave both in a
dorso-ventral and medio-lateral direction. In the neighhourhood of the umbo the:
lIunula is bordered by a sharp angular edge which ventrally gives place to a shallow
curvature. This marginal rim of 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 asharply
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 of the lunula exhibits a morc or less pronounced and often
somewhat irregular curvature even in its uppermost portion and does not become
distinetly 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 of concentric ribs which, in the umbonal region of
well-preserved specimens, are always sharply angular and keel-shaped and are
disposed at approximately 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 umbo; in certain specimens this.
character subsists only to a distance of 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 growth: this form of ornamentation is also-
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observed in certain specimens of A. spitiensis Stol. (see PL C, fig. 7a)! The
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 umbo where the rim
of the lunula and area assumes the form of an angular edge, the ribs are suddenly
interrupted on reaching the angular margin. Where the rim is rounded instead
of angular, the concentric sculpture oversteps its border and, in the right valve,
reaches medially as far as the indentation formed by the junction of the narrow
steeply sloping marginal zone with the floor of the area. In the left valve the
ornamentation also oversteps the crest of the marginal rim.

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

AsTABTE SOWERBYANA, nov. sp. Pl XOIX, figs. 12, 13, 15; PL. G, fig. 1.

? Astarte major 3. de C. Sowerby, Trans. Geol. Soe. London, 2nd ser.,, Yol. V, 1840, PL 61, fig. 1; non
Ziethen, Verst. Wurttemberg.

P dstarte major H. ¥, Blanford, Journ. ds. Sve. Bengal, XXX1I, 1863, p. 134, an Sow.?

Astarte magjor Stoliczka, Mem. Geol. Surv. Ind., Vol. V, 1866, p. 91, an Sow. P

This form is extraordinarily similar to Astarfe Hermanni from which it is
-distinguished merely by its different degree of convexity and the diiference in shape
of the shell. The convexity of 4. Sowerbyana is feebler, and the shell is much
more elongated anally than in the case of 4. Hermanni. The following dimensions
were measured on various specimens i~

Length. Height. Thickness.
400 mm. . . . . . . . « 300 mm 160 mm.
480 . . . . . . . . 360 , 75
4!8'5 2 . ° . . ) . B . 36'5 a“ ? ”» 2
650 ,, . . . . . . . ¢ 410 210 ,,
676 . . . . . . . . 425 ? P

To most specimens the characteristic feature of the outline is the merging of
the anal margin together with the dorsal and ventral margins into one continuous
strongly convex curve. The wedge-shaped contraction that characterises the
posterior contour of the shell in 4. Hermanni is much less pronounced. In every
other particular the fossil agrees exactly with 4. Hermanni with which it is no
doubt closely related genetically. The specimen represented in fig. 12 is'in many
respects intermediate between both species. The hinge is visible in the case of the
left valve represented in P1. XCIX, fig. 18. 1In all essential characteristics it agrees
with that of 4. spitiensis Stol. described below.

! This disposition is correctly shown only in fig. 7a; figs. 76 and ¢ fail to give so correct an impression of the
appearance of the costation in the umbonal region.
% The specimen is flattened out.



Some of the specimens of Astarte Sowerbyana are from Kibber and Chikkim ;
the remainder are without any record of their occurrence.

ASTARTE SOYTALIS, nov. sp. Pl G, figs. 2, 8.

This species is represented by two specimens without any exact record of their
origin. They are distinguished from A. Sowerbyans owing to their much more
pronounced convexity and at the same time their more elongated shape. From
A. Hermanni with which they agree as regards the degree of convexity, they ave
conspicuously distinguished by their much more elongated shape which gives them
a very distinct appearance. The dimensions of the two specimens are as follows :—

Length. Height. Thickness,
60 mm . . . 0 . . . . 35 mm. 225 mm.
51 ,, . . . . . . . 36 245

The anal margin is either perfectly regularly rounded and connected by a
continuous curve with the dorsal and ventral margins, or else it exhibits an increase
of convexity both in its lower half and at its junction with the dorsal margin. - The
lunula is much more deeply concave than in the foregoing species. In, every other
visible character the fossil agrees exactly with 4. Hermanni and 4. Sowerbyana.

ASTARTE SPITIENSIS, Si:oliczka. PL G, figs. 4-8

Astarte spitiensis Stoliezka, Mem. Geol. 810, .Znal., Vol. V, 1866, p. 91, PL IX, fig. 9.
Astarte hiemalis Stoliczks, I. c., p. 91, Pl IX, figs. 2, 8.

Astarte spitiensis agrees closely with 4. Sowerbyana as regards the convexity
of the shell, but is nevertheless distinguished: frori all the preceding forms owing to
its different outline. The shell appears decidedly “higher than in the case of the
foregoing species, which produces the effect of communicating to it an unusually
rounded outline. The relatively strongly arched ventral margin is connected by a
very regular curvature with the oral margin and with the strongly convex regularly
curved anal margin, the latter passing into the dorsal margin, usually by means of
a shallow curvature, or, rarely, through a somewhat more decided convexity. The
dimensions of a series of specimens are as follows :—

TLength. Height. Thickness,
410 mm. . . . . . . . + 340 mm, 17°6 ram.
44’0 E) . . 0 . . . . . 35'0 1 P 7] 1
570 ,, . . . . . . . . 495 ¢irca 225 1
67'5 ) 2 . . L] . . . e [ 50‘5 » 23'5 %)

1 The specimen is flattened out.
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As regards the sculpturing of the shell, and also the features of the area and
lunula, the form exhibits the same variations as 4. Hermanni.

The structure of the hinge is accessible to observation in several specimens.
The left valve exhihits two large cardinal teeth directed very obliquely hackwards
and enclosing a Jdeep socket in which fits the unusually large posterior cardinal
tooth of the right valve. The small anterior cardinal tooth of the right valve con-
sists of 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, extremely flat, sometimes scarcely appreciable lateral tooth.
Posteriorly the hinge region of the left valve exhibits, immediately below its upper
margin, a relatively shallow uniformly depressed furrow, not reaching nearly so far
back as the area, and terminating, towards the umbo, on a level with the posterior
part of the ligament, into which fits a flat lateral tooth of the right valve. i

I have examined the original type-specimen of Stoliczka’s 4. spitiensis. The
triangular shape which this specimen exhibits, and which Stoliczka considered to be
the most important character of his species, clearly results from the mode of preser-
vation of the specimen, the lower margin of which is damaged by a fracture of
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 of 4. spitiensis.
The type-specimen, which I have had re-figured in P1. 100, fig. 6, is characterised by
very closely packed concentric ridges. The specimen also exhibits the interior of
the shell: the muscular impressions are of 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.

Genus : PLEUROMYA, Ag.

PLEUROMYA SPITIENSIS, nov. sp. Pl, XCIV, fig. 4

The solitary specimen bears the following label: “Upper Spiti shales (Etage
I1T), Lochambelkichak B. G.” It isin the state of an internal cast, a considerable
portion of which still carries the extremely 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 of the umbo appears rather
-3



FAUNA OF THE SPITI SHALES

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

An exceedingly shallow rounded, feebly indicated edge trends obliguely back-
wards and outwards from the umbo, with a very fecble curvature and is lost before
reaching the anterior third of the pdst-umbonal portion of the shell. When the
shell is viewed dorsally, this edge appears to diverge from the ligainent margin at an
angle of 857 to 40°.

The anterior portion of 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-iruncate. The maximum breadth of the lunula is
14’5 mm. . Its ventral portion is unfortunately broken. About the middle of each
of the two halves of the lunula there is an exceedingly shallow, fruncated, rounded,
radial edge, disappearing in the neighbourhood of the umbo, by the infervention of:
which the inner part of the lunula with its gentle medially directed slope, is divided
oft from the almost flat marginal zone which slopes gently outward. At about half
the height of the shell this marginal zone has a breadth of 4 mm.; it contracts
rapidly and regularly towards the umbo. The illustrations do not convey a very
distinet idea of the appearance of the lunula, and in fig. 4a in particular, its laterally
sloping marginal zone appears much too broad.

The ornamentation consists of coarse, irregular striations of growth. With the
help of a strong magnifying 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 of this species recalls the form figured by Miiller as PI. cf. peregrina,
(Jura w. Kreide D. O. Afrikas, p. 14, PL. XVI, figs. 3, 4). It also recalls certain
specimens of P, varions Ag. from the Upper J 1r}rassic of Burope.

Genus: CosMOMYA, nov. gen.

CosMOMYA EGREGIA, nov. sp.  PL XCIV, fig. 8.

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

umbo, and the ornamentation which finds its closest analogy in- the genus Ceromye,
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make it seem most probable that Cosmomya should be included within the. -group of
the Myarians.

Unfortunately the margins of the solitary specimen are broken throughout
their whole extent. The shell is fairly strongly and regularly convex both in a
dorso-ventral and oro-anal direction. The region of greatest convexity is sifuated
along a zone which trends at an angle of about 45° from the umbo towards the
ventro-anal part of the shell, The umbo is short, conically pointed at its extremity,
its point being rounded off only at its extreme end. It is conspicuously fattened in
& dorso-ventral direction ; it trends inwards almost horizontally, It points some-
what obliquely inwards and forwards, and its terminal portion is slightly deflected
downwards. Its ventral suiface, which has the appearance of a vertically situated
hollowed-out groove gradually flattening out in an anal direction, is divided off from
the adjacent portion of the dorsal surface of the umbo by means of a blunt edge
which trends almost horizontally, and which very soon ceases to be distinct in the
pre-umbonal part of the shell, but which can be followed with 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-
whaé in an anal direction, following a flat arched curvilinear course in an oblique
and backward direction. At a distance of 23 mm., from the umbo it gradually
disappears. The ornamented paré of the flanks is divided off by means of this furrow
from a triangular unornamented ares which gradually broadens out in an anal
direction. In the immediate neighbourhood of the umbo this area slopes almost
perpendicularly inwards. With 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 orramentation 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 ave separated by narrow shallow intervals. Throughout the
greater part of the shell these intervals ave much narrower than the adjacent ribs:
on an average they are smaller by about onme-third, The ribs trend obliguely from
anteriorly downwards to posteriorly upwards. Along a line which trends along the
flanks almost vertically down from the umbo (line of inflection) there occurs a
perturbation of their course which, near the umbo takes the shape of a slight
transient ivterruption, but further away appears as a double inflection ; some of 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
8 mm. The ribs situated nearest the umbo are moderately curvilinear and trend
obliquely backwards and upwards almost from their anterior extremlty with

increasing steepness. Those situated further from the umbo exhibit a distinet
w2
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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. Up to a distance of 9"5 mm. measured along the line of inflection, the ribs
nearest the wmbo exhibit, along this line of inflection, a different disposition from
the ventrally succeeding ones : they do not display any distinet inflection, but only
a very slight interruption, so that the branch situated beyond the inflection line
actually follows in the same direction as the pre-umbonal part. The ventrally
succeeding ribs exhibit, along the line of inflection, a pronounced double bend so
that the portion situated behind the inflection is displaced in a ventro-anal direction.
The two branches of the disjointed rib are connected by a short oblique rib directed
backwards and downwards, which is scarcely 1 mm. long at the uppermost part of
the double-inflected ribs ; distally the cohnecting ribs gradually increase in length,
so that the one whose termination is situated at 25 mm. from the umbo already bhas
a length of 3 mm. At the lower pbint of inflection the ribs do not exhibit any
interruption or even weakening ; indeed some of them even display an appreciable
thickening. At the upper point of inflection, on the other hand, the ribs, for a short
distance are interrupted or at least conspicuously depressed, so that the anterior
points of inflection succeed one another in the form of a very narrow shallow groove.
Beyond the zone of inflection the ribs travel upwards with a feeble curvature and at
a very steep angle, until their . thickness, together with 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 arvea. Indeed this regular
disposition of the post-umbonal portion is observed only in the neighbourhood of the
umbo, up to a distance of 11 mm. measured along the marginal furrow. The poste-
riorly succeeding “ribs exhibit quite.a different disposition, At a certain distance
from the marginal furrow, these ribs exhibit a remarkable perturbation .of their
course in the shape of several irregular undulating inflections. At the first of the
ribs affectod by this disturbance, the distorted portion is only of small size and
canses an anally directed shifting of the distal rib portion of about 8 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
of the ribs in that part of the shell and, in soms places, causes an appreciable
broadening of ‘the interspaces. The interspaces following the fourth rib beyond
the commencement of the perturbation exhibit this widening not only along
the zone of disturbance, but also throughout thejr downward course where they
beconie 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 thixd disturbed rib is ex-
tremely weakened at its dorsal termination which is not parallel with that of
the preceding one, but is diverted baokward 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. All the ribs do not extend urninterruptedly from the pre-umbonal to the
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post-umbonal part of the shell : 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 4 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, All 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 Ceromye 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 of
the shell and especially the invariably inflated umbo of Ceromya easily distinguish
it from the Indian genus. i}

The above described specimen bears the following label:  Geode in black
shales below Werfen beds ; fossil doubtful, but there are no Spiti shales south of the
Niti Pass. N. W. Kimplong, 8, W, Niti Pass,” The specimen shows unmistakably
the mode of fossilisation characterising the Spiti shales. Besides this specimen
there is also a small fragment preserved as a cast in the same matrix as a specimen
of Oppelia acuticincta Strach.

Genus: HomoMya, Ag,

HoaoM1A TIBETICA, Stoliczka. Pl. XCIV, fig, 1.

Homomya tibetica Stoliczka, Mem. Geol. Surv, Ind., Vol. V, 1866, p. 92, P1. IX, fig. 4.

This species is represented by a solitary specimen illustrated in the above-
mentioned figure. It 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
rosterior 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 side' the shell margins are
in contact up to a distance of about 24 mm., beyond which they diverge rather

1 The dorsal margin is not quite intact and has been greatly idealised in the picture. The aitist has made the
separation of the margins extend too far forward.
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widely in an anal direction and reach their maximum interval of about 10°5 mm., in
the middle of the anal margin. TUnfortunately the margins in this part of the shell
are not well preserved.

The umbo of the internal cast is broad and depressed, moderately bent inward
in p horizontal direction. In a flank view of the shell the dorsal contour of 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 ligament margin. It ceases to be perceptible at about 16 mm. from the
umbo and is, at that place, distant from the ligament margin by about 52 rm.
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 nmbo, It 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 of the shell has been far too much'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.

With 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 two very shallow, rather
narrow lines of growth. The pallial line is not visible.

The extreme elongation of the shell recalls Homomyso grocilis from the upper,
Jurassic (Oxfordian, Portlandian) of Switzerland (Agassiz, Mon. des Myes, p. 162,
Pl. XX, figs. 1-3, and de Loriol, L'’Oxford. du Jura bernois, p. 66, PL XI, fig. 1),

Genus: GoNIOMYA, Agassiz.
GontoMya Umiler, nov. sp. Pl XCIV, fig, 2.

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

It 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 shapeis fairly strongly
convex, The upper margin is almost rectilinear on the posterior side of the umbo.
The umbo is flat and depressed and only slightly deflected inwards. Theornamentas
tion consists of angular ribs such as characterise the genus Gomiomga. Near the
umbo these ribs are weak and very crowded. They are somewhat better developed
on the right valve than on the left one. With increasing distance from the umbo,:
the intervals between the ribs widen comsiderably and the ribs themselves become
stronger. Owing to the poor state of preservation of the umbonal part of the shell,
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the disposition of the ribs situated nearest the umbo is not clearly recognisable. The
marginally succeeding ribs exhibit a very sharp inflection dividing the ribs into an
anterior and posterior branch. The points of inflection are disposed along an almest

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 posterioy
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, ati 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 of the ribs. Beyond the rib whose point of inflection is

situated at 16 mm. from the umbo, the ribs follow at intervals of 35, 4, 46,

and 5 mm. hetween each other ; in all parts of the flanks the successive intervals

exhibit similar differences in the distribution of their relative breadth. .It 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 grawth. After an extensive concentric course they bend downwards at
s 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 of 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 of
about 85°. Posteriorly to the point of inflection, the ribs of the left valve ascend at
a very steep angle and remain almost rectilinear and parallel to one another for a
considerable distance. At about half the distance between the point of inflection of
each successive rib and the dorsal margin, the posterior branches of the ribs exhibit
& 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 following ribs become more and more
oblique to the upper margin, while on the oral side, the direction becomes lessoblique
and gradually approaches a right angle. The rib whose point of infleciion 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 defail. The one situated next to it more marginally exhibits certain differ-
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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 very indistinet in its pre-umbonal portion ; the lower end of its posterior
branch is at 9'5 mm. from the place where its inflection point ought to have been,
It seems therefore that, in the lower part of the shell, there is a broad zone corres-
ponding with the continuation of the zone of inflection, along which the ornamen-
tation becomes completely obliterated.

The costation of the right valve differs in many 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-umbonal portion is at first almost concentric
with the lines of growth ; it already becomes deflected downwards at 135 nifn_
from the point of inflection at an angle of about 140°. The point of inflection is-
displaced much further downwards than in the left valve. The lower part of the
posterior branch is not quite rectilinear a87in the left valve, but is strongly curved
downwards at its lowermoss extremity so that the junction of the two branches is
situated much deeper than in the left valve and the two branches converge at an
angle of about 45°. TIn the other portions of its course it agrees exactly with the
rib-features of the left valve. The next rib marginally following the one just des-
cribed is obliterated along the zone of inflection in the same way that characterises
the left 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 disdppears, it exhibits a very slight downward
deflection. The posterior stction of this rib fades savay in a ventral direction with-
out reaching the point of inflection, and remains rectilinear up to the place where
it disappears. The anterior section of the next following rib also exhibits an ex-
tremely slight and local downward deflection at 7 mm. from its point of interrup-
tion ; the point where it disappears is scarcely deeper than the point of 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 almost rectilinear sub-marginal furrow which trends some-
what obliquely backwards from the umbo ; at 30 mm. from the umbo this furrow
is 5 mm. distant from the upper margin of the shell and has a breadth of 18 mm.
Proximally 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 ornamentation. At the proximal end of the swelling, up
to a distance of 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 of growth extend backwards and downwards with a gentle curve
and reach the deepest point of their curvature before reaching the line of inflection..
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The disposition of the striations of growth indicates that the shell was conspicuously
elongated in an anal direction, and exhibifted somewhat the same elongated shape as
Gon. constricta Ag.

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

The specimen is labelled : “ Geode in black shales below Werfen beds; doubt-
ful on account of fossil—N. W. Kimplong, 8. W. Niti Pass,” The characteristic
mode of preservation establishes beyond doubt that it belongs to the Spiti shales.

Genus : PHOLADOMYA, Sowerby.

PHOLADOMYA P PROBLEMATICA, nov. sp. Pl XCVIII, fig, 16.

This remarkable fossil is represented by a solitary very imperfect cast which is
shown in full-size in the above-mentioned illustrations. It was obtained between
Chota Hoti and Ting Jung La in Hundes.

It seews equivalve, somewhat inequilateral, only slightly deflected obliquely in
its posterior portion, strongly inflated, extraordinarily compressed in an oro-anal
direction. The margins are broken with the exception of a short very feebly
curvilinear fragment of 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 sitnated a great deal to the oral side of the deepest point of the
lines of growth.

The original shell was extremely thin. It is observable at a few places where
the cast is still partly embedded in the original matrix. The cast is ornamented
with delicate, somewhat irregular inconspicuous lines of growth. They are rather
too pronounced as shown in fig. 16¢. with a suitable incidence of the rays of
illumination, one may just distinguish, with the unaided eye, along the crest zone,
fraces of delicate, crowded very shallow radial striations which disappear near the
umbo and towards the lower margin.

The generic attribution of this remarkable form is wuncertain, yet it wmost
probably does belong to the genus Pholadomya. 1 am not acquainted with any
durassic forms resembling this fossil.

Genus: INDET.

The following illustration represents an internal cast which cannot be gene-
rically determined. The solitary specimen bears the label: * Upper Spiti shales,.
Etage I1I, Lochambelkichak E. G.”?

I
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The shell is very slightly though distinctly oblique. Since this oblique elonga-
tion, in the great majority of 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 of a circle. The dorsal
margin is imperfectly preserved and not completely exposed. It does not show any
frace of cardinal teeth or of an external ligament. There are no ears.

Gepusindet. Natural size.

The wmbo is situated somewhat anteriorly to the middle of the total length. It
is very small, and strongly compressed dorso-ventrally. Its terminal partis not
visthle; it does not seem involute. When theshell is viewed anteriorly, the dorsal
surfaco of the umbo appears to slope medially at a shallow angle and with a shallow
curvature for a distance of 45 mm. '

The ornamentation of 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 Cerithium sp. belongs to the Belemnite Beds, while the two other
forms were obtained from the Spiti shales proper.
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Genus: PreEuvrOTOMARIA, Defrance.

PLEUROTOMARIA SPITIENSIS, nov. sp. Pl. XOIV, figs. 5-8.

Pleyrotomaria sp ? H. . Blanford, Journ, As. Soo, Bengal, XXXII. 1863, p. 134, PL IV, figs. 3, 3a.
Pleurotomaria sp. Stoliczka, Mena. Geol. Sure. Ind., Vol. V, 1866, p. 92.

" This form is represented by a number of specimens which I have united into
one species in spite of certain differences which they exhibit. The specimens are
either entirely in the condition of casts, or else they present only feeble remains of
the shell. Some of 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 scparated from one another by deeply impressed sutures. The volutions are
transversely strongly convex and, with the exception of the apical whorl, carry a
pronounced rounded spiral edge whose position approximately corresponds with that
of the sinus-band. On the last whorl of the cast, this sinus-edge is situated very
distinetly higher than the middle of the whorl: on the penultimate whorl it lies at
about the middle of the visible portion. On the iast whorl of the cast, the
sinus-edge is always very pronounced: it exhibits the form of an obfuse edge
iruncated by a curvature only at its extreme crest. s the edge is followed towards
the apex of the spire, it becomes gradually more rounded and loses indistinctness,
until all trace of 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 125 mm. distant from the suture
of the last whovl. The portion of the whorl situated posteriorly to the sinus-slge
exhibits transversely an excessively depressed and regular convexity, or else it is quite
flat, 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 sitnated suture, carries. on the last whorl of one specimen, a very shaliow
rounded edge which aiready ceases to be perceptible on the penultimate volution..
There is no trace of this subsidiary edge on any other specimen.

The well-preserved -casts invariably carry another very bluut spiral edge
situated anteriorly io the sinus-edge and at some distance from it. In several
specimens (fig. 7 o, ¢) this swelling is very conspicuous on the final whorl, but loses
in distinetness on the penultimate one. Yn other casts (fig. 5, for instance) it is
much less distinet or almost missing, and can be made out only under a suitable
illumination. The zone intervening between this swelling and the sinus-edge is
almost fat. In this manner a very indistinet lateral band is produced which is gra~
dually lost in the apical portion of the cast. In the case of the largest available
specimen (fig. 6), this lateral band, in the neighbourhood of the mouth, attains a
breadth of 72 mm. In the last whorl of the specimen represented .in fig. 7, the
width of the lateral band is 5'5 mm. On the penultimate whorl, the anterior
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margin of the lateral band is situated quite close to the suture. On the cast the
lateral band slopes fairly distinctly towards the axis of the shell.

The base, anteriorly to the lateral band of ihe last whorl, is usually moderately
and regularly convex, and quite smooth. In the solitary case of the specimen
illustrated in fig. 7, the cast exhibits anteriorly to the anterior marginwf 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 crnament-
Only fragmentary remmnants 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 speécimen is scarcely half as tall, though it
also consists of about three volutions.

Genus : CrriTHIUM, Bruguiére.

CeriTHIUM sp. PL XOIV, fig~10.

" This form is represented only by the figured sI;ecimen, the shell of which is pre-

served. 1t bears the following label “Lower Spiti shales, Kuti.”” (Coll. F. H. Smith},

The condition of the specimen is very unsatisfactory. Ihe orvamenfation of

the surface is very poorly preserved. The few observable characters are shown on
the illustration.

UnDETERMINABLE FORM, Pl XCIV, 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.



PLATE XCIV.

Fig.1. Homomya TiBETICS, Stoliczka.

2. . Goxtomnya Usrict, n. sp.

5. 9. CossioMya Ecreers, nov, gen, n. sp.
4. PLEUROMYA SPITIENSI8, n. Sp.

Figs. 5-8. PLEvROTOMARIA SPITIENSIS, n. sp.
Fig. 9. Undeterminable form.

» 10, CERITHIUM sp.

»

»

All the figures are drawn in natural size.
The original specimens arein the Calcutta Museum. _
The localities of.the specimens, so far as is known, are mentioned in the descriptive text.
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PLATE XCV.

Figs. 1-10. Arca EarrroNiana, Stoliczka.
» 11-13. Nocura Sertiexsss, n. sp.
s 14-17. » HyoMoRPHA, n. sP.

Figs. 1d, 2d, 2¢, 3¢, 66, 9 and 10 are enlarged. All the others are drawn in natural size,
"The original specimens are in the Calcutfa Museum.
'The localities of the specimens, so far.as_is known, are mentioned in the descriptivé text.
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PLATE XCVI.

Figs. 1, 2. LiMa SPITIENSS, n. sp.
Fig. 8. »  Roserti, Oppel.

» »  MELANCROLICA, D. sp.
» D »  'TRISTICULA, n. 8p. .
» 6. PECTEN, sp.

7 »  INERTULUS, n. sp.
8. "OsTREA, sp.

»

»

Figs. 35 and 5 are enlarged. All the others are drawn in natural size. The original

of fig. 8 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 of Ostrea probably does uot belong to the Sviti shales. .
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PLATE XCVIL

Fig. 1.  Avictra Spimiensis, Oppel,
Figs. 2, 3. PsEupoMoxoTis INORNATA, n, sp.

Fig. 4. » AMENA, n. sp.

,» 5. AvuceLra LeauiiNosa, Stoliczka.

, 6. » ? Foruosa, n. sp.

y 7 » Spiriexsis GRaNDIS, nov. form.
Figs. 3-11. » n. sp., form. typ.
Fig. 12, ) " ExTENSA, nov. form.
y 13 " » SUPERBA, nov. form,

Figs. 24 and e 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. 18 is frc-

a plaster cast of a specimen in the British Museum. All the other specimens are in the Calou

Museum.
The localities of the specimens, so far as is known, are mentioned in the descriptive text.



(molSurvoTliudia.



PLATE XCVIIL

Figs. 1-9. Avckrra BLANPORDIANA, Stoliczka,
9 10-11. INoCERAMUS STOLICZEAL, n. sp.
- 12-14. ” EvErEsti, Oppel.
Fig. 15. " GraciLis, n. sp.
16. PrornaDOMYA? PROBLEMATICA, n. S,

All the figures are drawn in natural size,

The original specimens are in the Caloutta Masewn,
The localities of the specimeas, so far as is known, are mentioned in the descriptive text.
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PLATE XCIX.

Fig. L Nucura KIBBERTANA, n. sp.
w 2. . sp. (cast).
R R " DieNERT, D, 8p.

» 4 Lepa sp.

Figs. 5-6. Tr1GONIA SPITIENSIS, 1, sp.

»  7-11,14. Asrtarte Hrruansi, Oppel.
»  12,18,15, ASTARTE SOWERBYANA, nom. nov.,
All the figures are drawn in nataral 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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PLATE C.

Fig. 1. AsTARTE SOWERBYANA, nom. nov.
Figs. 2-3. ”» ScyYTALIS, n, sp.
» 48 ” SririEnsts, Stoliczka.

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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