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PERISPHINCTES. 307
B.—VIRGATOSPHINCTES, nov. subgenus.

The forms united under the above name are characterized by the “ virgatoto-
mous ” branching of their ribs. In its simplest form this peculiar mode of
ramification consists in the separation of a branch rib at half the height of the
volution or somewhat lower down, followed by two shorter ones somewhat higher
up. This type of ornamentation is first developed on the body-chamber or on the

penultimate volution. The inner whorls only bear dichotomous ribs which may
alternate with simple ones. )

The gradual evolution of this ornamentation proceeds first by the occasional
intercalation of trichotomous bundles, in the midst of the bifurcate ribs; as growth
proceeds their relative number increases though not to the complete exclusion of
the bifurcate ribs. This stage is the final one in certain species such as Perisph-
inctes indistinctus and Perisph. contiguus; in others the dichotomous ribs are
completely replaced on the body-chamber by trichotomous or even more complex
rib-bundles. The latter appear usually first on the middle part of the body-chamber.
The number of ribs constituting such a rib-bundle may increase to five or six or
even to ten to twelve by repeated division or by intercalation; the common stalks
are of considerable thickness and widely spaced; between them the shell is strongly
excavated, as for instance in Perisph. frequens, multifasciatus, raja, minusculus
exornatus and others.

The ribs appear prominent and sharp, especially in the case of specimens with
the shell preserved. They are rather strongly deflected forward and so densely
crowded as to allow very little divergence of the branch-ribs. They are not
interrupted or reduced across the external margin which they cross normally.
The shell is usually discoidal though one never meets with extremely flattened
forms no more than with strongly inflated ones. The external margin is always
rounded. The umbilical wall is rounded and declivous. The flanks are sometimes
slightly rounded, sometimes flattened.

In the majority of species the .léngth of the body-chamber corresponds approxi-
mately with one volution. The bnly notable exceptions are Virgafosphinctes
discoides n. sp. in which the body-chamber only occupies about two-thirds of the
last volution and perhaps also Perisphinctes rotundidoma. The final oral aperture
is known partly at least in several species from the Spiti Shales. It is somewhat
expanded and accompanied by a broad and shallow constriction. The apertural
edge is produced into a rounded lateral lappet with an expanded base forming a
broad “ear.” In the Alpine Perisph. contiguus the apertural edge according to
Zittel,' forms ears which in immature specimens have an elongated stalk, while at
a later stage they become broadly sessile. Nevertheless, if the shells, whether
small or large, cannot develop “ears ” unless full-grown, the specimens alluded to
by Zittel cannot have belonged to one and the same species. Whether this form of
mouth with long lateral lappets is the only one occurring in Virgatosphinctes or
whether other forms are also developed cannot at present be decided. Constric-

1 Aeltere Tithonbildungen, p. 229,
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't ons numbering one to three per whorl are frequently noticeable. They are often
more pronounced on the inner whorl than on the two last volutions. “ Parabolas”
have never been observed.

The suture scarcely possesses any characteristic feature, and it is of very little
value especially as a specific character. The external lobe is always of about the
same length as the first lateral, while the second lateral lobe is always much
shorter. The auxiliary lobes, four in number, are always obliquely disposed and
in some species, such' as Perisphinctes intermedius, Per. rotundidoma do not
extend lower than the apex of the first lateral lobe, the amount of deflection
being still less in some others.

The most pronounced differences observed in the suture are principally varia-
tions in breadth of the saddles, the higher or lower level of the first lateral saddle
and especially the configuration of the second lateral lobe.

In many species the second lateral lobe 1s so closely hemmead in by the inner
lateral branch of the first lateral lobe and by the first auxiliary lobe, that its
growth 1s very much impeded and it is reduced almost to the rank of an auxiliary
lobe. In other species, however, the growth of the second lateral lobe is not inter-
fered with by the adjacent inflections, so that it is able to develop freely. In
the former case the downward deflection of the line of auxiliary lobes is relatively
more pronounced, while it is less so when the second lateral lobe is freely developed.

The Spiti Shales contain numerous species belonging to the subgenus
Virgatosphinctes, some of which are amongst the commonest fossils of that forma-
tion. In no other group is the variability so great as in the present one; every
character undergoes an almost incredible degree of fluctuation. Hardly a single
specimen resembles another one in every detail. Overwhelming difficulties attend
the delineation of species under such circumstances. Any attempt at defining the
natural limits and mutual relationships of the different species would ke hopeless
without much more abundant material than is at present available. The
difficulties are intensified by the poor state of*preservation of the specimens. As
in various other Ammonite-groups one nctices that the earlier volutions of closely
allied species are almost or even quite identical, and the specific characters become
appreciable only on the body-chamber.

In attempting to give a general outline of the subgenus we shall distinguish
here two main groups : one in which the ribs are fine and crowded, and another in
which they are wider-spaced, coarser, prominent and sharp. The two groups are,
however, not sharply divided from each other.

The first group includes—

Perisphinctes (Virgatosphinctes) denseplicatus Waag,
' sy raja n. SP.
. ' minusculus n. sp.
) ' rotundidoma n. sp.
., . intermedius n. sp.
’ ' Pompeckji n. sp.
' vy similis n. 8p.
. ' serpentinug n. 8p.
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Perisphinctes (Uirgatosphinctes) Holdhausi n., Sp.
» » sp. ind. aff. denseplicatus Waag.

The species of the second group are—

Perisphinctes (Virgatosphinctes) frequens Oppel.
’ ” subfrequens n. sp.

kutianus n. sp.
himalayanus n. sp.

Burckhardti n. sp.
multifasciatus n. sp.
” ’ Haydeni n. sp.

’ vy Krafftt n. sp.
Broiliv n. sp.
discoides n. sp.
indistinctus n. sp.

n. sp. ind.
subquadratus n. sp.
contiguus (Cat.) Zitt.

’ ’y
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Finally we must add here three species whose rounded whorls recall the
Torquatus group of the subgenus Awulacosphinctes, but which, owing to the absence
of a marginal furrow on the innermost volutions, must provisionally at least be
classified with Virgatosphinctes. They are :—

Perisphinctes (Virgatosphinctes) incertus n. sp.
Lemoiner n. sp.
sp. aff. euplocus Waag.

2 b

bR 2

The Indian Jurassics of Kachh also contain several species belonging to this

group, namely :—

Perisphinctes (Virgatosphinctes) frequens Waagen (non Oppel)=subfrequens

n. sp., Umia Stage.

denseplicatus Waagen Umia Stage.
Pottingeri (Sow.) Waag. Katrol Sandstone.
euplocus Waagen Katrol Sandstone.
katrolensis Waagen Katrol Stage.
pagrt Waagen Kuntkot Sandstone.

b b4
) 2
7 "
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Whether the two last species really belong to this grocup is questionable.
Per. Pottingeri has been reported by Futterer from East Africa, Per. frequens
occurs in Madagascar.

As far as Europe is concerned, the subgenus Virgatosphinctes has a wide
distribution especially in the Mediterranean province where it abounds in the zone
of 4mm. acanthicus, and especially in the Tithonian. The following European

forms belong to this group :—

Perisphinctes (Virgatosphinctes) contiguus (auctorum).

., ' exornatus Catullo.

., . Fontance ’
, ., oryplewrus Herbich.,
tantalus .

" "

polyplocus Neumayr (non auctorum).

”" ’
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Perisphinctes (1 irgatosphinctes) selectus Neumayr.?

” ’ metamorphus Neumayr.
" ’s Chalmasi Kilian,

» ’ Ernesti (Lor.) Canavari.
’ ' n. f. aff. Ernest: ,,

» ” geron Zittel.

» o ’ sp. ind. Uhlig.?

”” ’» planulatus siliceus Quenst.
” ’ ulmensis Oppel.

’» ys Basilice E. Favre.

” » sp. ind. E. Favre.

» ’ suprajurensis d’Orbigny.
” ’ danubiensis Schlosser.

” ys danubiensis Loriol.

' ’s diceratinus Schlosser.

To this same group probably belong Per. Vandelli Choffat, Per. abadiensis
Choffat, Per. unicomptus Choffat (non Font.), Per. pseudolictor Choffat, and Per.
Ribeirot Choffat from the marls of Abadia (Portugal) and various other forms.

Lastly, in South America, this group is represented by Perisphinctes aff.
pseudolictor (Choff.) Burckhardt.

In the Indian Jurassics and more especially in the Spiti Shales the subgenus
Virgatosphinctes constitutes a well-defined and well-circumscribed group. This
15 much less the case in Europe where we are acquainted with numerous forms
whese characters, taken as a whole, are more or less related to Virgatosphinctes
but whose position in this subgenus is a matter of doubt. The reason of this
difference probably resides in the fact that the Oxfcrdian of the Spiti Shales is
not rich in fossils, in consequence of which Virgatosphinctes makes its appearance
abruptly whilst the Oxfordian and Kimeridgian of Europe contain numerous
precursors of this subgenus. It naturally follows that these precursors together
with the allied branches, which possibly may have developed along parallel lines,
are sometimes difficult to discriminate from the genuine members of the Virga-
tosphinctes group. The difficulties of the case are moreover intensified by the
deficient preservation of many of the species, and still more so by the antiquated
mode of treatment that they received in the hands of most paleontologists.

A closely allied group which developed along parallel lines have long been
known in Europe where they constitute the group of the Polyploct, corresponding
with Fontanne’s genus 4 faxioceras. In this genus the fasciculated-rib ornamenta-
tion is already assumed at an early stage, parabolar tubercles are frequently
developed and the formis further characterized by a greatly expanded collar-shaped
oral aperture (“Kragenplanulaten” of Quenstedt) with long, stalked, spoon-
shaped lateral lappets. The lobes are feebly ramified and the line of auxiliary
Iobes is slightly hanging, a fact to which attention has already been drawn by

! Whether Per. subpunctatus Neum, and Per. Jasciferus Neum, should nlso be classified here is not quite certain

sithomgh probtmble,
7 Prom the Lower “ Teschener Schiefer,” Denkachr. k. Akademie vol, 72, p. 16,
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1.. v. Sutner and M. Neumayr. There is no difficulty in discriminating the typical
forms of Atawxioceras, such as A. Lothari Opp., 4. hypselocyclus Font.,, A.
¢ ffrenatus Font., 4. inconditus Font., 4. Ribeiroi Kil. et Guebh., 4. planulatus
parabolis Quenst., 4. polyplocus breviceps, nudiceps and rugiceps Quenst.,
polyplocus parabolis Quenst., 4. Balnearius Lor., A. Guntheri Oppel. In other
cases the correct attribution of certain forms gives rise to considerable hesitation,
as in the case of Amm. planulatus nodosus Quenst., A mm. triplex Quenst., Amm.
triplicatus albus Quenst., Perisphinctes lictor Font., Per. Achilles d'Orb., Per.
Castrot Choff., Per. Ernesti Loriol, Per. unicomptus Font. and various others.

The inner whorls of the subgenus Virgatosphinctes possess, as has already been
mentioned, a striking plicate sculpture. This type of ornamentation predominates
1n the biplez-group which has such a wide distribution in the Oxfordian' and which
exhibits a suture-line similar to that of Virgatosphinctes. We cannot therefore
be far wrong in supposing that the biplex-group and Virgatosphinctes were
derived from common ancestors and belong to the same stock of the genus Peris-
phinctes. Other groups, among which is 4 tazioceras, branched off from this same
stock, and, owing to the slight extent to which they diverge, it is, of course, difficult
to distinguish these branches sharply from each other. The number of these
diverging branches is possibly greater than is generally admitted. Only a detailed
monographic treatment of the European material will lead tc a complete elucida-
tion of this problem. We may, however, expect that in Eurcpe also the subgenus
Virgatosphinctes will finally prove to be a well-defined branch of the richly deve-
loped Perisphinctes stock.

The “ virgatotomous ” sculpture of the group here described recalls the fasci-
culated ribs of the Russo-boreal genus Virgatites® Pavl. Certain authors have been
misled thereby into the belief that certain representatives of the subgenus Virga-
tosphinctes belong to the Russian genus Virgatites® In reality the two are
separated from each other by a considerable gap. According to Michalski the inner
whorls of Virgatites are beset with densely crowded fine sharp ribs which may be
either partly biplicate and bidichotomous, or partly virgatotomous and partly
dichotomous, or else entirely virgatotomous; on the body-chamber or on the last
volution the sculpture becomes simplified and the anterior part of the body-chamber
exhibits nothing but stout bifurcate ribs or even simple ribs. Virgatosphinctes,
on the other hand, follows exactly the opposite course of development : in this
subgenus the shell first passes through a stage of dichotomous sculpture and it is
only later, on the body-chamber that the virgatotomous ornamentation makes its

! Note the species Per. Warta Buk., Per. promiscuus Buk., Per. biplex (Sow.) Healey, Per, Healeys Neumann
(= plicatilis Anct.), Per. chlorooliticus Gumb., Per. plicatilis Sow., Per. variocostatus Sow., Per. Kilians de Riaz,
Psr. H-l"nv de Riaz, Per. D:lgadoi Choft., Per. Tiziani Opp., Per. Tizianiformis Choff., Per, psendoplicatilis Siem.,
Per. stenscyeloidss Siem., Per. Jslakii Siem., Per. gyrus Neumann, Per. rota Waag., Per. subrota Choft., Per. Kschregs
Choll, Per. Martslli Opp., Per, orizala’is Siem., Per. Bocconii Noum,, Per. lucingensis Favre, Per. Links Choff.,, Per.
mogasrnsis Chofl. and others,

3 A. Michalski, Die Ammoniten der unteren Wolgnstufe. Mem. Com. Géol. St. Petershourg, Vol. VIIT, No. 2. A
Peviow @ (). Lamplagh, Argiles de Bpeeton, Bull. Soc. Imp. Natur, d. Moscow 1892, p. 113, ‘ o

3 Up ts the present the Alpine Province has ylelded only one form whose developiuent recalls

that of I%vrgater
008 quide idewticnl.  This i Ammonites sernposns Zitt., which H. V treatitee althowgh

etter has made the type of hie sbgenus Prrederreatites



312 HIMALAYAN FOSSILS.

appearance. Within the form-circle of Perisphinctes, in the wider sense of t?ns
term, it would be difficult to give an instance of stronger contrast than that W?‘wh
exists between the body-chamber of V irgatosphinctes with 1ts copllous.ly ramlf"led,
rib-fascicles and that of Virgatites with its biplicate or even simple ribs.
Although the various developmental stages of sculpture may pot be. SO c.learly
pronounced in all species of Virgatites as they are in V. scythicus V1schn1ak9w
or V. virgatus Buch., the whole group exhibits a course of development which
cannot be confounded with that of Virgatosphinctes.

To this we should add that on the external margin of Virgatites the ribs are
often somewhat convex anteriorly and reduced along the median zone, that there
exists a tendency towards the formation of external edges and finally that the
suture has a radically different character as compared with that of Virgatos-
phinctes, being less ramified, with broader saddles, a more obliquely
disposed second lateral lobe, which is never hemmed in by the neighbouring
inflections; the auxiliary lobes are only feebly developed and their situation
is very slightly oblique so that their disposition is scarcely appreciably
retrograde. The first lateral saddle of Virgatites often occupies a higher
situation than the external saddle and the disposition of the suture-line
is partly radial, partly anteriorly deflected, whilst in the case of Virgatosphinctes
there is a pronounced backward deflection corresponding with the disposition of
the hanging umbilical lobe. The divergence as regards the totality of the
characters and the ontogenetic development, between Virgatites on the one
hand, and the biplex-group and Virgatosphinctes on the other hand, is so
great, that we are compelled to assume a separate origin for the two
stocks. The virgatotomy of the ribs evidently constitutes a character
which Is not restricted to one single offshoot of Perisphinctes, and the external
resemblance of varlous derivative groups, resulting from their ornamentation,
must be regarded as a case of convergence. When placing the genus Virgatites
in the neighbourhood of Holcostephanus, A. Pavlow evidently had in mind the
strong divergence which differentiates the species of Perisphinctes characterising
Western and Central Europe from the Russo-Boreal Virgatites as well as the
relationship of Virgatites itself to certain members of the genus Holcostephanus
(namely Polyptychites).

The compariscn between the.typical forms of Virgatosphinctes and Virgatites
is a far e-asier task than the e1.u01dati.on of the relationships of certain forms from
the Cordillera of the Argentine, allied both to Virgatites and Virgatosphinctes,
which Karl Burckhardt' has described under the following names :

Per. aff. ps-e.’udolicfor Choff., Per. contiguus Zittel, Virgatites dorsoplanus
Vischn., Virgatites off. Quenstedti Rouill. Virgatites qustralis Burckhardt
Perisphinctes cf.. Nikitini Michalskl, Per. choisensis Burckhardt, Virgatrige;
scythicus Vischn., Virg. aff. apertus Vischn. We might distribute these form;
into three groups. The first consists only of Per. aff. pseudolictor )
characters of Virgatosphinctes. The second group includes V

! Jura-und Kreideformation der Cordillere, Palaco»tog,.ap kica, Vo

or and possesses the
irgatites aff. Quens-
L 50.
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tedti and perhaps also Perisphinctes choicensis; the third group includes all the
remaining species. The second group is certainly the one exhibiting the closest
similarity with Virgatites especially in the case of Virg. aff. Quenstedti; but the
third group also approaches the Russian Virgatites in two directions : the lobes
are scantily ramified, the auxiliary lobes are only indistinctly hanging, and the
sculpture appears to experience the same simplification as in the Russian species.

The total habit, however, deviates somewhat from that of the Russian forms,
and it is not impossible that we may have to deal here with a separate branch of
Perisphinctes which is not identical with Virgatites, although strongly converging
towards it. The material at present available is too scanty and isolated to decide
this question. The discovery of new fossil faunas from the Central and Northern
parts of the American Cordillera may lead to a final elucidation of these points.
For the present the question remains an open one.

As already mentioned, the limits of the group under discussion cannot be
circumscribed as sharply as might be desired. Nevertheless their separation as a
subgenus will help to evolve some sort of order out of the multitude of forms
belonging to the extensive genus Perisphinctes. A. Hyatt proposed the subgeneric
name of Lytacoceras for one of the species which probably belongs to our subgenus.
We have not adopted this name, being unaware of the limits which Hyatt intended
to assign to his subgenus and of the characters upon which it is supposed to have
been established.

The relation between Virgatosphinctes and the subgenus 4 ulacosphinctes will
be discussed when dealing with the latter. Two specimens belonging to Peris-
phinctes (Virgatosphinctes) frequens and Per. denseplicatus (Plate LVI, fig. 1,
and Pl. LXXYV, fig. 1) exhibit, on certain parts of the whorls, what appear to be
remnants of a thick shell consisting of two coarsely crystalline layers. The most
curious feature about them is that the sutures are just as visible on this apparently
shelly substance as on the internal cast. It would seem as if the septa extended
right through this crystalline covering layer. Unfortunately the available
material is too scanty to offer opportunities for a more exact study of so remark-
able a structure; we earnestly hope for the discovery of similarly preserved
fragments which it would be possible to sacrifice so as to elucidate the mode of
arowth of these Perisphinctes shells.

PERISPHINCTES (VIRGATOSPHINCTES) DENSEPLICATUS, Waagen.

(Plate LITII, fig. 3 a—d; Plate LIV, fig. 1 a—rc; Plate LV, figs. 1 a—d, 2 a—d,
3 a—d; Plate LVI, fig. 1 a—c.)

Periaphinctes denseplicatus W. Waagen, Jurnssic Cephalopodn of Kutch, Pal@ontologia Indica, I, Calcutta 18
p. 201, pl. XLVI, fig. 3 ; pl. LV, fig. 1. » O

Dimensions :—
Plate LV, Plate L1V, Plate LVI, Plate L.V
fig. 2 fig. 1 fig. 1 fig. 1. !
Diametar ..« . . . 182 mm. 98 mm. 925 mm. 92 mm.
Width of opmbilicus . . . . 312 ,, 30 " 32 " 39 .
Valntion Mlﬂht . . . m ’" 33'2 e M e 31

fatimnm thirkness (approximately) 22 . 3o, %5 . 30
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Under the expressive title of Perisphinctes denseplicatus W. Waagen has
described a densely ribbed species from the Umia Stage of Kachh which at the ﬁrst
glance is so strikingly similar to a species from the Spiti Shales that, notw1.t-ll-
standing certain divergences, we are unable to avoid admitting its specific
identity.

The shell of the present species is rather flat, the flanks arc slightly arched and
somewhat sharply marked off from the steeply sloping umbilical wall. '];he
maximum thickness corresponds with the lower part of the flanks, the cross-section
being generally oval. Immature specimens have comparatively broader and lower
volutions than full-grown ones (see pl. LIII, fig. 3 and pl. LV, fig. 3).

The ribs are exceedingly densely crowded and somewhat deflected anteriorly;
they are nearly filiform and, on the internal cast, rounded. On the actual shell
they may, however have been very sharp, as already remarked by Waagen. On the
chambered nucleus simple ribs alternate with forked ones; the relative number of
simple ribs decreases with increasing size. On the penultimate whorl of the
chambered nucleus there are as many as 70 to 80 long ribs. Trichotomous ribs
occur only on the foremost portion of the chambered nucleus and even here only at
isolated intervals. It is only on the body-chamber that the ribs begin to recede
somewhat further from each other and break up at their upper end into bundles of
three or more branches. The anterior part of the body-chamber and the oral
margin are unknown. The inner volutions carry rather numerous and deep con-
strictions. Behind each constriction two ribs unite with one another on the umbili-
cal suture, splitting up into branch-ribs higher up so that a bundle of four or five
ribs is thereby produced (see plate LV, fig. 3).

In Waagen’s specimen the number of uncleft ribs in all stages of growth 1is
somewhat greater than in the specimens from the Spiti Shales; moreover the shape
of the cross-section is different.

These differences, however, do not possess any deep significance; for the Spiti
shales specimens themselves, although unquestionably belonging to a single species,
are subject to considerable variations. The size of the umbilicus fluctuates between
rather wide limits in conjunction with the ratio of thickness to height of volution.
The specimen with the widest umbilicus (pl. LV, fig. 1) has the relatively lowest
volutions, whilst the specimens with the smallest-sized umbilicus possesses the
relatively highest whorls. The specimen represented in pl. LV, fig. 2, occupies a
somewhat intermediate position since it combines a fairly narrow umbilicus with
comparatively low volutions. The ornamentation of the chambered nuclei is
fairly constant but there are noteworthy discrepancies in the sutures. In the form
with low whorls, which, as a matter of course, offers the least amount of space for
the development of the sutural inflections, the second lateral lobe is the shortest and
is hemmed in by the first auxiliary lobe and the inner main lateral branch of the
first lateral lobe. It is not however, in the specimens with the tallest aperture
(pl. LVI, fig. 1), that the second lateral lobe exhibits its least atrophied and least
deflected condition, but in a specimen which, as regards the height of volution,
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occuples an intermediate position (pl. LIV, fig. 1). There \ \hoygygr"ind”t much
difference in the relative volution-height of the two specimens. “Moréover, in the
specimen represented in pl. LIV, fig. 1, the lobes exhibit somewhat narrower trunks,

and the first lateral lobe has shorter side-branches and a longer terminal branch
than usual.

If the differences in the structure of the lobes and the form of the shell were
distributed according to a definite law, it might be possible to distinguish two
species; but failing this condition together with the fact that the most pronounced
differences affect precisely specimens all derived from one locality (Shalshal), we
are evidently justified in uniting these various forms into one species.

According to Waagen Perisphinctes denseplicatus is the commonest species
of the Umia Stage. In the Spiti Shales Per. denseplicatus is also one of the
commonest species. The A4 canthicus Zone of Europe contains a very closely allied
species, Perisphinctes metamorphus Neumayr'; it differs from the Indian species
by its narrower umbilicus, relatively higher volutions, and somewhat coarser, more
strongly curved, but less numerous ribs. A second closely allied species is probably
Perisph. Chalmast Kilian® from the Tithonian of Andalusia. In Per. Chalmast
the ribs are more deeply cleft, and the anterior portion of the body-chamber carries
umbilical tubercles arising from the main-ribs, which are not known to occur in
Per. denseplicatus; finally, the volutions are comparatively somewhat higher and
the shell somewhat larger than in the Indian species. Perisphinctes geron Zittel has
a narrower umbilicus, much taller and narrower volutions, while the trichotomous
ribs are much fewer in number. According to Zittel the sculpture of the body-
chamber is identical with that of the chambered nucleus; ccnsequently it does not
pass through the same series ot developmental changes which are so characteristic
of Perisphinctes denseplicatus. Probably also Perisphinctes oxypleurus Herbich®
from the Terebratula janitor strata of Transylvania is closely related to Per.
denseplicatus; since, however, only the immature stage of the Transylvanian
species is known, it is not possible for the present to determine with sufficient
precision its degree of relationship to Perisphinctes denseplicatus.

A problem of considerable difficulty is offered by Perisphinctes ulmensis
Oppel* from the Lithographic Slates and the zone of Pteroceras Oceani and
Ezxogyra virgula of Wurtemberg. Owing to the courtesy of Prof. Dr. Rothplez
I have been able to examine the two original type-specimens of this species, and a
closer study of these fossils reveals the fact that they belong to two different
species of which one (pl. 74, fig. 1 of Oppel’s work) is ornamented with densely
crowded and fine ribs, whilst the other (fig. 2 of the same plate) has fewer and
coarser ribs. The former is closely related to Perisph. denseplicatus, but is distin-
guished by the stronger curvature and anterior deflection of its ribs. The speci-
men, however, is entirely distorted by compression and it is impossible directly to

1 Fauna der Acanthicns-Schichten, 4b4. geol. Reschsanstalt Wien, V, p. 176, pl. XXXIV, fig. 1 ; pl. XXXIII. fig. 7.
1 Mission 4’ Andalousie, XXVUI, fig. 1, p. 652,

3 Szeklerland, pl. IX, fig. 1, p. 164.

& Paloontol. Mitteil., pl. 74, figs. 1, 2, p. 261.
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ascertain the original shape of the cross-section. Associated with the second speci-
men of Perisph. ulmensis (pl. 74, fig. 2), is a well preserved aptychus whose outlinés
conclusively establish that this specimen, although now completely flattened out,
must have possessed a very convex shell. The same may have been the case with
the closely costate form of Per. ulmensis. But so long as better preserved speci-
mens of the latter form are not available, it is impossible to express any opinion
concerning its relationship to Per. denseplicatus. |

Lastly, Perisphinctes denseplicatus is also related to Perisphinctes planulatus
suliceus Quenstedt; since, however, in the latter species the trichotomous type ot
ornamentation is assumed at a very early stage of growth, and since the main-ribs
do not become thickened on the body-chamber, the specific discrimination of the
two species gives rise to no hesitation.

Locality—Shalshal, Middle Stage (4 specimens); Sirkia, Laptal, Middle
Spiti Shales; North of Ting Jung La, Spiti, Chidamu, Chojan (Middle Spiti
Shales).

PERISPHINCTES (VIRGATOSPHINCTES) RAJA, 1. SP.

(Plate L, fig. 1 ¢—d)

Dimensions :—
Diameter . . . . . . . . . . . . . . 143 mm.
Width of umbilicus . . . . . . . . . 583 ,,
Height of volution . . . . . . . . . . 49 »
Maximum thickness between the 11bs . . . . . . . 54 ’s
Maximum thickness measured over the ribs . . . . . Y

2y

In this beautiful species the volutions overlap by about half their height,
their breadth is greater than their height and the maximum thickness coincides
with the transition from the flanks into the rounded umbilical wall. The flanks
merge gradually into the rounded external region.

The ornamentation exhibits great variations. The inner volution is orna-
mented with very numerous, probably dichotomous, filiform ribs. The posterior
part of the body-chamber shows an alternation of trichotomous, dichotomous, and
bidichotomous ribs, while trichotomous ribs predominate on the middle portion of
the body-chamber. On the anterior portion of the body-chamber the main ribs
recede from each other, assume the shape of slightly curved strong folds and
break up into ten or eleven or even twelve secondary ribs. The splitting up into
secondary ribs takes place chiefly at about half the height of the flanks or some-
what lower down; it is only at the commencement of the body-chamber that the
lower branching-point of the bidichotomous ribs sometimes become shifted to the
Jlower part of the flanks.

Constrictions exist, but they are not conspicuous. The suture line is some-
what deflected forward between the external saddle and the apex of the first
lateral saddle, beond which it is strongly retrograde up to the umbilicus. The
first lateral lobe has a rather broad trunk and reaches nearly as deep down as
the external lnbe. The second lateral lobe is considerably shorter and disposed
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somewhat obliquely. The auxiliary lobes are very well developed and reach down
to the same level as the terminal branch of the first lateral lobe. The external
saddle is moderately broad. The suture is copiously ramified.

Although the oral margin is missing, the preserved portion of the body-
whorl includes the greatest part of the last volution. Its length therefore must
have been equal to one whole volution.

The present species is very easily distinguished from Perisphinctes densepli-
catus owing to its thick volutions and the striking peculiarities of its body-
chamber.  Trom Perisphinctes rotundidome it is distinguished by the shape of
its cross-scction and the relatively greater thickness of its whorls, its somewhat
narrower umbilicus and certain rather important differences in the structure of
the body-chamber. The relations to Perisph. minusculus are discussed under the
heading of the latter species.

Perisphinctes raja is representec by a single specimen from Chidamu (Coll.
Dicner).

PERISPHINCTES (VIRGATOSPHINCTES) MINUSCULUS, D. Sp.

(Plate LVI, fig. 2 « —c.)

Ditmengions :

Diameter . . . . . . . 108 mm.
Width of umbilicus . . . . 47 .
Height of volution . . . . . . . . 32 o
Maximum thickness between the ribs . . 347
Maximum thickness at the ribs . . . 36 '

The present species represents, as it were. a miniature replica of Perisphinctes
raje. \s in the latter species the anterior part of the body-chamber carries fold-
like widely-spaced main-ribs showing a faint sigmoidal curvature, a decided
torwarded deflection. and breaking up, on the upper part of the flanks into numer-
ous. denscly crowded secondary ribs. The number of secondary ribs produced
by cach main-rib is 9 or 10 in the case of Perisphinctes minusculus, and 10 or 11
i the case of Perisph. raja. Trichotomous ribs are developed on the posterior
portion of the body-chamber just as in Per. raja their branching-points coming
very close to each other. Dichotomous ribs prevail at the commencement of the
hody-chamber. Bidichotomous ribs seem to be entirely wanting. Both the
chambered nucleus and body-chamber exhibit constrictions which are more
strongly developed than on the one available Perisphinctes raja. The number of
long ribs on the inner volutions is greater in the present species than in Perisph.
raje and the ribs are more densely crowded. The penultimate volution bears no
less than 81 long ribs, and the preceding whorl has 54, while in the case of
Perisph. raja the penultimate whorl carries only 60 ribs.

These differences in sculpture would perhaps be insufficient for a specific-
separation of the two forms, were it not for the considerable difference in size
and certain differences in the shape and suture. Perisph. minusculus has a some-

ce
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what wider umbilicus; its dimensions increase at a slower rate, and the volutions
are not quite so thick.

The suture-line, which, unfortunately, is only partly known, is less copiously
ramified, and the second lateral lobe is less hemmed in by the first auxiliary lobe and
the inner lateral branch of the first lateral lobe than in the case of Per. raja.

The oral margin is missing and the exact position of the last suture cannot
be ascertained, yet so much can be made out that the last volution belongs entirely
to the body-chamber.

There is no escaping the fact that the differences between Perisphinctes raja
and Perisphinctes minusculus are very trifling. Many paleontologists will prefer
uniting both forms, while others may look upon the difference in size as a sexual
difference. The question cannot be considered as definitely settled, but for my
part, I look upon specific difference as the more probable expianation, and have

therefore named the smaller form separately, although richer finds might ultimately
lead us to alter our opinion.

Loca{ity.—Spiti (Coll. Gerard).

PERISPHINCTES (VIRGATOSPHINCTES) ROTUNDIDOMA, N. SP.

/

/ (Plate LII, fig. 1 a—c; Plate LIII, fig. 1.)
Dimensions :—
Diameter . . . . . . . . . 121 mm.
Width of umbilicus . . . . . . 556 ,,
Height of volution . . . . . . 368
Maximum thickness . . . . . . 40

2

The above-named species is readily distinguished from Perisphinctes dense-
plicatus owing to its uniformly rounded low volutions and its wide umbilicus.
The differences in the ornamentation are much less obvious especially on the
chambered nucleus. The last chambered whorl of Perisphinctes rotundidoma
carries 78 forked ribs, the previous one 46. On the inner whorls the bifurcation
of the ribs takes place above the middle of the volution, whilst on the last volution
of the chambered nucleus the branching-point is shifted lower down.
volutions are diversified by deep constrictions.

The sculpture of the chambered nucleus is, therefore, almost identical with
that of Perisph. denseplicatus. There are noticeable differences, however, on the
body-chamber. In the case of Perisph. denseplicatus, the main-ribs on the body-
whorl become wider-spaced and break up into rib-bundles, while in that of Perisph.
rotundidoma they remain fairly densely crowded and continue ramifying mostly
into no more than two branches, rarely into three.

Perisphinctes rotundidoma is also closely allied to Perisph. intermedius.
The volutions of Perisph. rotundidoma are somewhat thicker and lower; the cross-
section is somewhat less distinctly bevelled externally; the umbilicus is wider, the
senlpture is finer and more crowded. The distinction from Peri

The inner

Sph. raja is still
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more obvious. Even when the characteristically ornamented body-chamber of
Perisph. raja is missing, this species cannot be confounded with P. rotundidoma,
because it is considerably thicker and more narrowly umbilicated, with a lower
cross-section and somewhat coarser ribs.

The suture of P. rotundidoma vividly recalls the form sometimes assumed
by that of P. denseplicatus such as figured on plate LIV, fig. 1 ¢. The position of
the second lateral lobe is scarcely or not at all oblique and it is not hemmed in by
the inner lateral branch of the first lateral lobe and by the first auxiliary lobe.
The line of auxiliary lobes is scarcely deflected and they stand on about the same
level as the inner lateral main-branch of the first lateral lobe. The first lateral
lobe of P. rotundidoma is shorter, broader and thicker than that of P. densepli-
catus.

In the large figured specimen of P. rotundidoma the body-chamber shows a
slight, rounded expansion on both sides of its anterior end suggesting the broad
base of a lateral lappet. Shortly behind this the sculpture shows certain
irregularities and two long ribs become fused close to the external margin into a
single rib.

If the anterior edge has been correctly interpreted as the margin of the oral
aperture, P. rotundidoma must be characterized by a very short body-chamber
occupying very little more than half a volution. A similar feature, though not
quite so pronounced also characterises Perisph. discoides. Nevertheless, the state
of preservation of the above-mentioned specimen of Per. rotundidoma is not
sufficiently perfect to allow a definite conclusion to be arrived at in this matter,
and, should our interpretation turn out to be incorrect, it would appear that the
anterior portion of the body-chamber must have been ornamented with rather
swollen ribs anteriorly convex at about half the height of the volutions.

The figured specimen of Perisphinctes rotundidoma is from the Middle Spiti
Shales of Chidamu; there is also a smaller specimen from the Middle Spiti Shales
of Shalshal.

Among the specimens which Stoliczka referred to 4 mmonites Braikenridget
d’Orb. there is a small fragment closely related to Perisph. rotundidoma. It
has somewhat coarser ribs and thicker volutions and possibly represents a distinct

species. We designate it provisionally as Perisphinctes aff. rotundidoma Uhlig.
It is from Spiti.

/ PERISPHINCTES (VIRGATOSPHINCTES) INTERMEDIUS, N. SP.
;T (Plate LXVI, fig. 1 a—d.)
Dimensions :—
Diameter . . . . . . . . . . 115 mm.
Width of umbilicus . . . . ) . . ) )
Height of volution . . . . . . . . . 355
Maximum thickness . . . . . . . . . 325

’

The species described under the above name occupies in certain respects an
intermediate position between Perisphinctes denseplicatus and Perisphinctes
rotundidoma, though it cannot be specifically united with either. Tt differs from
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both by its somewhat less crowded and rather more massive ornamentation. The
number of ribs on the last volution is 74, whilst on the penultimate whorl they
are much fewer. Most of the ribs bifurcate just as in the two species previously
described; it is only on the portion of the last volution situated just behind the-
most anterior part that one notices a few trichotomous ribs.

It is chiefly the cuneate form of the cross-section and the characters of the-
body-chamber that entitle the present form to rank as an independent species.
P. intermedius is not so thick as P. rotundidoma and its cross-section is somewhat
taller and more distinctly bevelled externally. Compared with P. denseplicatus,
the section though more distinctly bevelled externally, is at the same time some-
what lower.

The suture of P. intermedius agrees in its character with some of the forms
assumed by that of P. denseplicatus such as that depicted in plate LVI, fig. 1.
The first lateral lobe is nearly as long as the external lobe;' the first lateral saddle
rises somewhat higher than the external saddle: the second lateral lobe is rather
hemmed in and is disposed obliquely.

The ornamentation of the posterior portion of the body-chamber is not essen-
tially different from that of the chambered nucleus. But on the anterior portion
of the body-chamber the ribs abruptly recede from each other, they are strongly
deflected forward and separated from each other by deep constrictions. A short
distance behind the place where this change ccecurs, one notices a fusion of two ribs
on the external margin resulting from an irregularity in the development of the
rib-system. The sudden increase in the distance between the ribs on the front
portion of the body-chamber indicates for that systematically important part of
the shell a developmental phase which cannot be brought into harmony with the
characters of the body-chamber of either P. denseplicatus or P. rotundidoma.
Had the body-chamber of these various species been completely preserved, it is
probable that the differences observed, would have heen far greater than is observ-
able under the present circumstances. These reasons speak strongly in favour of
the correctness of our conclusions with regard to the separation of the present
species. Another specimen of the same species preserved in the Schlagintweit
collection has the ribs somewhat stronger and less numerous than in the figured
form.

Localities—Chidamu, Sirkia, South Hundes, Shangra and Laptal in Ngari
Khorsum, Tibet.

\
\,
~

~.  PERISPHINCTES (VIRGATOSPHINCTES) PoMmPECKII, n. sSp.

(Plate LXV, fig. 1 a—c.)

Dimenstons :—
Diameter . . . . . . . . . . . . . . . 123 mm
Width of umbilicus . . . . . . . . . . . . . 50 )
Height .f v.lution . . . . . . . . . . . . . 42
Maximum thickness . . . . . . . . . . . . . 365

yy

1 The artist has drawn the first lateral lobe muel too short.
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Perisphinctes Pompeckyi is a species perhaps entirely devoid of trichotomous
ribs. No trichotomous ribs can be seen in the figured specimen although the
anterior portion of the last volution of the rather Jarge shell already belongs to
the body-chamber. Consequently, it is only on the foremost missing portion of
the body-chamber that trichotomous ribs could have been.-developed. In any case
they cannot but have played a very subordinate part. Nevertheless the present
species cannot be disconnected from the group of Perisphinctes denseplicatus,
rotundidoma, and intermedius, for it closely resembles the members of this group.

The last volution carries 81 ribs, the penultimate one 71; they are forked and
shghtly deflected forward. They bifurcate above the middle of the volutions on
the inner whorls, whilst on the last whorl the apex of the fork is shifted down-
wards to about the middle of the volution-height.

The flanks are greatly flattened and clearly marked off both from the flatly
arched external region and from the steeply sloping rounded umbilical wall. The
maximum thickness occurs at the junction of the flanks and umbilical wall. As
the flanks converge only very slightly upwards, the thickness of the volutions
measured in their upper part is very little less than lower down, and the cross-
section has consequently an oblong form with rounded corners. The height of
the whorls is considerably greater than their thickness and they overlap by two-
fifths of their height.

The first lateral lobe has a rather broad trunk and is somewhat shorter than
the external lobe.! The second lateral lobe is moderately developed; its apex
comes closer to the inner lateral branch of the first lateral lobe than to the first
auxiliary lobe. The auxiliary lobes stand at about the same level as the apex of
the first lateral lobe. The first lateral saddle is somewhat higher than the
external saddle.

Perisphinctes Pompeckji is distinguished fromy the allied species by the
absence of trichotomous ribs. Evea if it should be found that trichotomous
ribs do occur on the foremost portion of the body-chamber, their scarcity
combined with the decided flattening of the flanks and the remarkable shape of
the cross-section would still afford ample means for discrimination. In P. inter-
medius the volutions are lower and more wedge-shaped externally; P. denseplicatus
has a more convex external face, and less complanate flanks which are not so
clearly marked off from the external margin as in P. Pompeckji. In the case of
P. rotundidoma the cross-section is relatively much lower and has more rounded
outlines; the external margin and umbilical wall are more strongly convex and

much less distinctly marked off from the flanks than in the case of P. Pompeckji.
Locality —North of Jandu, Sherik river, Hundes.

1 On plate LXYV, fig. 1c, the first lateral lobe has however been drawn too short.



313 HIMALAYAN FOSSILS.

N\

/

' PERISPHINCTES (VIRGATOSPHINCTES) SIMILIS, . Sp.
i _ (Plate LIV, fig. 2 a—d.)

Dimensions :—

Diameter . . ) . . ] . . . . . . . . 693 mm.
Width of umblhcus . . . . . . . . . . . . . 2617 ,,
Height of volution . . P R
Maximum thickness of last volutxon . . . . . . . . . 28

The present species is very closely related to Perisphinctes rotundidoma.
Both forms have a subcircular cross-section the thickness of which slightly exceeds
the height, the only difference in this respect being that P. similis has the flanks
more convex. Both forms are similarly ornamented. In both instances the ribs
are relatively widespaced and very sharp on the inner whorls, while they
become fine and densely crowded on the outermost volution. The ribs of the inner
whorls are however somewhat fewer, more prominent, and thicker in P. similis
than in P. rotundidoma. The fact that in P. similis the ribs are almost exclu-
sively dichotomous whilst 1n P. rotundidoma trichotomous ribs often make their
appearance on the anterior portion of the shell can hardly be regarded as a distinc-
tive character, as it is connected with the small size of the figured specimen of
P.similis. P. stmilis increases in size at a much more rapid rate and has a much
narrower umbilicus than P. rotundidoma.

The suture of P. similis has narrower saddles and is more finely and more
deeply ramified than that of P. rotundidoma. Although the figured suture of
P. similis corresponds to a diameter of only 67 mm., while that of P. rotundidoma
corresponds to a diameter of about 84 mm., yet the external and first lateral lobes
of P. similis are much longer than those of P. rotundidoma. Moreover, the line
of auxiliary lobes of P. similis is much more retrograde and the first auxiliary
lobe projects obliquely to such an extent towards the first lateral lobe that the
second lateral lobe is almost crowded out, while in P. rotundidoma the first auxi-
liary and first lateral lobe are widely separated from each other and do not inter-
fere with the free development of the second lateral lobe. The differences in the
details of the suture and in the width of the umbilicus seem sufficiently considerable
to justify the separation of P. similis and P. rotundidoma. P. similis differs
from P. intermedius owing to its greater umbilical width, its greater thickness,
its more rounded flanks and the finer costation of the outer volution.

P. similis is represented by a single specimen from Spiti (Coll. Gerard).

The specimen is labelled with the same number (H. 47/448) as Perisphinctes
minusculus.

1,

/ PERISPHINCTES (VIRGATOSPHINCTES) SERPENTINUS, N. SP.

/

/ .
/ (Plate LII, fig. 2 a—d.)
Dimensions :—
Diameter . . . . . . . . . . . 76 mm.
Width of umbllxcml . . . . . . . . . . . 318 .
Height of volntion . e

Maximuam thickness
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‘I‘ l“* present species has subcylindrical volutions overlapping by abo ff'/‘mﬁ
h-lf. 7T  thickness of t" e whorls is only very slightly greater than their %

,The ribs are donsely -~ eq, on'y sight” inclined forwar and DQamy
s?ralght. On the last volution they number 68. Their point of bifurcationN
mtuatejd at half the height of the volutions or even a little lower. They are almost
exclusively dichotomous; even on the body-chamber trichotomous ribs are only
occasionally developed, and then only in conjunction with shallow constrictions.
A few ribs remain undivided. There are three constrictions on the last whorl.

The remarkably high position of the first lateral saddle constitutes a
characteristic feature of the suture. The trunk of the first lateral lobe is rather
narrow; the first auxiliary lobe converges strongly towards the first lateral one.
The apex of the first lateral lobe reaches down to a somewhat lower level than the
auxiliary lobes.

Perisphinctes serpentinus is closely allied to Perisphinctes simnlis and
Perisphinctes rotundidoma. From P. similis it differs by the much greater
numkber, denser crowding, and finer construction of the ribs on the inner volutions,
its somewhat more rounded flanks and a slower rate of increase. The body-
chamber of P. similis is unfortunately not known so that a comparison in this
respect is impossible. The crowding of the ribs on the inner whorls is a character
common both to P. serpentinus and P. rotundidoma; but on the body-chamber of
Per. serpentinus the ribs are sharper and less numerous. Moreover P. serpen-
tinus increases more rapidly in breadth and thickness, its cross-section is more
nearly circular and it shows considerable deviations in the disposition of the
suture.

Perisphinctes serpentinus is represented by four specimens all of which still
preserve portions of the body-chamber. In every case the body-chamber is of the
same size as the figured specimen and exhibits the same primitive type of sculp-
ture. We may therefore assume that the latter represents the final fullgrown
stage.

The figured specimen was designated 4 mm. biplexz by H. F. Blanford (Journal
Asiatic Soc., XXXII, p. 129), and A mmonites annulatus by Sowerby.

Localities —Spiti valley, Shangra, Laptal.

~ /
N4 PrrisPHINCTES (VIRGATOSPHINCTES) HOLDHAUSI, n. sp.

FA
;N

/- (Plate LXIV, fig. 2 a—¢.)

The only available specimen of this species is incomplete. The maximum
thickness at the anterior end is 36-6 mm., to a volution height of 30-5 mm. The
flanks are slightly flattened and strongly convergent externally. The umbilical
wall is rather high, very steep and clearly marked off from the flanks. The
external margin is narrow and convex. The maximum thickness coincides with
the junction of the flanks and umbilical wall; the cross-section is broadly ovate

D
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with a rn‘umlml-truncate base. The volutions appear to overlap by more than
ole I}ul!. ' consequence of which the umbilicus is comparatively narrows

Fhe ornamentation consists of crowded, sharp and deeply cleft ribs which
are deflected backwards on the umbilical wall and lower part, of the flanks, whilst

on the outer part of the flanks they are rather strongly deflected forward.

Although the greater portion of the last volution belongs to the body-chamber,
there 1s a total absence of trichotomous ribs.

The suture is not preserved.

Perisphinctes Holdhausi is connected with the group of P. denseplicatus on
account of its densely crowded costation, but is clearly distinguished from all the
other species of the same group on account of its remarkable rounded-triangular
cross-section and its deeply cleft, slightly curved ribs. The form of the cross-
section and the course of the ribs forcibly recall Perisphinctes Lemoinei. But this
form has a wider umbilicus, and much coarser and frequently trichotomous ribs,
so that 1t cannot be confounded with Perisphinctes Holdhausi. -

The species is represented by a single specimen from Laptal, Hundes (Coll.
Griesbach).

PERISPHINCTES (VIRGATOSPHINCTES), sp. ind., aff. DENSEPLICATUS Waagen.

(Plate LXYV, fig. 2 a—d.)

Ammmonites hiplex H. F. Blanford, On Gerard’s Collection of Spiti fossils.

Journ. .dsiat. Society, Calcutta, 1863,
vol. 32, p. 129, pl. III, figs. 4 a—c¢, 5.

The specimen here alluded to, which has already been figured by H. F.
Blanford, is distinguished from the closely allied Perisphinctes denseplicatus by its
considerably narrower umbilicus and the somewhat taller and externally less
rounded volutions. The cross-section recalls that of Perisphinctes Pompeckji
. Sp.

This form probably differs specifically both from Perisphinctes denseplicatus
and P. Pompeckji, but as the body-chamber is not preserved, the species cannot
be completely characterized. All we can do therefore is to draw attention to the
existence of this narrow-umbilicated form and trust to future discoveries for
defining it more precisely.

The present form deserves special attention, because amongst all the Indian
species it is the one closest related to the two European fossils Perisphinctes
metamorphus Neumayr and Perisphinctes ardescicus Fontannes. In the case of
P. metamorphus, however, the umbilicus is still narrower, the volutions are
comparatively taller, and considerably narrower and the ribs are less curved. P.
ardescicus differs by its remarkably straight ribs.

This species is represented by three specimens. The figured specimen is
from Spiti. the other two from Jandu and Chidamu.
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b
PERISPHINCTES (VIRGATOSPHINCTES) FREQUENS, Oppel sp.

] | ol RV
(Plate LXIII, figs. 1 a—c¢, 2, 3 a-—c; Plate LXXYV, fig. 1 a—c; Plate LXXV \ﬂi\ﬁg-
1 a—c.)

Ammonites frequens Oppel, 1885. Paliontolog. Mitteil., PL. 87, p. 295.

Perisphinctes frequens Siemiradzki, Monographie der Gattung Perisphinctes, Palaeontographica, 1898, Vol. 45, p-
237.

Plate LXXVA. Plate LXXV. Plate LXIII, Oppel’s Plate LXITI,

fig. 2. Specimen, fig. 3.
Diameter . . . . 179 mm. 161 mm. 122 mm. 99 mm. 79'5 mm.
Width of umbilicus . . 69 64 49 375 ,, 26
Height of volution . . 62 56'5 ,, 433 |, 355 ,, 31 »
Maximum thickness . . 53 ,, 59 .o 44 ' 34 2

On the inner whorls the ornamentation of Perisphinctes frequens consists of
fine, and at the same time sharp, dichotomous ribs which are anteriorly deflected,
and the branches of which diverge only very little owing to the dense crowding of
the costation. When the diameter is between 55 and 80 mm., there occur isolated
trichotomous ribs in which the anterior branch-rib originates below the middle of
the height of the volutions, whilst the next one branches off at about half the
height of the whorl. At a later stage of development, these trichotomous ribs
become somewhat wider-spaced, their lower portions becoming more massive.
Somewhere near the commencement of the body-chamber, when the diameter has
increased to between 110 and 150 mm., the ribs split up into four to five branches;
moreover short intercalary ribs become inserted in the external region in conse-
quence of which there are as many as eight or nine short ribs to every long rib on
the anterior part of the body-chamber. At the same time the longer ribs recede
still further from one another, and become considerably thickened in their lower
part. The ribs traverse the external margin without being interrupted or
reduced; they are slightly deflected backward on the umbilical wall, slightly
deflected forward near the middle of the flanks, and more radially disposed on the
upper part of the flanks. Certain specimens exhibit distinct though shallow
constrictions, the number of which is two or three per whorl even at the full-grown
stage; in other specimens the constrictions are entirely absent from the middle
and subsequent stages of growth, or else they are few in number and indistinct.

The whorls overlap one another by about one half or somewhat more, and
their cross-section is oval or roundish-trapezodial. The umbilical wall is rounded
and has a moderate, or rarely a steep slope towards the umbilicus. The maximum
thickness is at the umbilical wall. The feebly arched flanks converge towards
the comparatively narrow and strongly convex external margin.

The first lateral lobe of the copiously ramified suture reaches as far down-
wards as the external lobe; it consists of a long, narrow trunk and subsymme-
trically disposed lateral branches. The second latfera,l lobe is much’ shorter,
rather oblique and restricted to the space that remams. free between the closely
approaching apices of the first auxiliary lobe and of .the inner lateral main-branch
of the first lateral lobe. The auxiliary lobes are obliquely disposed and the point.

D 2



324 HIMALAYAN TFOSSILS,

of the last one nour]y reaches down to the level of the apex of the first lutcral
lobe. In well preserved specimens onc observes as many as five auxiliary lobes.

The body-chamber is probably one whole volution in length. In the largest
specimen (pl. LXXV A) four-fifths of the last volution belong to the body-
chamber.  The oral margin is not preserved.

Perisphinctes frequens is very variable. Of the ten available specimens
scarcely one completely agrees with any of the others. The number of ribs as well
as the shape of the cross-section, the size, and the umbilical width are all liable to
vary.

In Oppel’s original type,' the last volution which belongs to the middle
stages of growth, carries no less than 75 ribs on the lower portion of the flanks,
whilst in other specimens the number of ribs at this same stage is about 67. The
specimen represented on pl. LXXV closely resembles the original type. In this
specimen, the number of long ribs on the last volution is 59, and on the penultimate
whorl 72.  The cross-section differs owing to the more pronounced curvature of
the flanks and umbilical wall. The specimen illustrated in fig. 2, pl. LXIII, is of
considerable thickness. In the case of the specimen shown in fig. 1 of the same
plate the ribs are less numerous and begin receding from each other at an earlier
stage. In the case of the specimen illustrated in fig. 3, pl. LXIII, the number
of ribs is only 63 on the last whorl, the external margin of the shell is somewhat
thicker, the umbilicus much narrower, and the second lateral lobe somewhat
shorter than in all the other specimens. This narrow-umbilicated type, which
might perhaps be raised to the rank of an independent species, may be designated
as variatio angustumbilicata.

The large-sized specimen figured on pl. LXXV A belongs to the densely
costate types. On the last volution, the greater part of which belongs to the
body-chamber, there are 46 long ribs, while on the penultimate whorl their number
amounts to 88. The process of “virgatotomy ” is particularly beautifully illus-
trated by this specimen. The umbilical wall is steeper and the volution-height
areater than in the remaining forms so that the question arises as to whether it
would not be preferable to make this specimen the type of a distinct species. But,
as far at least as the nature of the umbilical wall is concerned, a large specimen
from Chidamu constitutes an intermediate link between this specimen and the
remainder, and I have therefore, after some hesitation, decided to unite the
present specimen also with Perisphinctes frequens.

The above statements illustrate the wide limits within which Per. frequens
varies. It is impossible to circumscribe species more narrowly, unless we make
up our mind to apply separate names to forms which pass into each other by

1 Oppel’s original illustration shows only 62 ribs on the last volution where the diameter measures 99 mm., while in
reality there are 75. P. frequens is therefore much more densely ribbed than would appear from the original illustration.
1t wn.s probably by reason of this inaccuracy in the original figure that W. Waagen was led to identify with P. Srequens Oppel
a form from Kachh whose ribs nre less crowded and which we have rcf.erred to ?Jcre (page 327) as Perisphinctes sthfre-
qgem' nohis. Morcover, Oppel’s illustration indicates for the type spfacnnen a diameter of 117 mm., whilst in reality the
diameter is only 99 mm. Either the anterior portion of the last volution has been broken off and mislaid since the publication

of the drawing or else the figure has been restored,



PERISPHINCTES. 327

termediate gradations.  Moreover, there are certain characters common to all
@ specimens of this species, however much they may vary in other respects,
amely : the comparatively rapid increase in the dimensions of the whorls, the
.ceedingly close crowding and large number of the ribs, and the fact that the
.anch-ribs reach down to the middle of the flanks or even lower.

The present species has however been restricted within narrower limits than
as done by Oppel who referred no less than 36 specimens of the Schlagintweit
Jllection to Perisphinctes frequens. Siemiradzki has already pointed out that a
reat many of these specimens do not belong to P. frequens.

The characters differentiating P. frequens from other allied species are
iscussed when dealing with these other forms.

The ten specimens which I have referred to P. frequens are from the following
icalities : Chidamu, Spiti valley, between Ting Jung La and Chhota Hoti, Laptal,
hangra, Kuling.

/ PERISPHINCTES (VIRGATOSPHINCTES) SUBFREQUENS, N. SP.

(Plate XLIX, fig. 1 a—d; Plate LXI, fig. 1 a—d.)

Perisphinctes frequens W. Waagen (non Oppel), Jurassic Cephalopoda from Kutch, Paleontologia Indica,
ser. IX, vol. I, pl. XLIV, figs. 2, 3, p. 200, Calcutta, 1875.

Dimensions :—
Diameter . . . . .‘ . . . 116 mm. 955 mm.
Width of umbilicus . . . . . 43 v 41 ’s
Height of volution . . . . . 408 ,, 32 v
Maximum thickness . . . ) . 37 ’e 297 ,,

In this species the flanks are slightly arched and merge gradually into the
trongly convex external region. The umbilical wall is rounded and slopes
bliquely. The maximum thickness occurs at the junction of the flanks and
imbilical wall. The cross-section is rounded-trapezoidal to oval.

In the figured specimens the last volution carries 63 to 64 long ribs breaking
1p externally into 3 to 4 secondary ribs. In the case of the smaller specimen,
)l. LXT, fig. 1, there are still a few bifurcate ribs occurring here and there on the
ast volution which is chambered up to its anterior extremity, while on the last
whorl of the larger specimen which belongs to the body-chamber, all the ribs
ramify into three or four branches.

The “ virgatotomous ” type of branching is beautifully illustrated in this
;pecies; amongst the secondary ribs, the one originating lowest is usually the ante-
rior one, more rarely the posterior one. There occur constrictions which, although
not very sharply defined, are nevertheless quite recognisable; in one specimen the
last volution exhibits three of these constrictions; they are less numerous in another
specimen. The body-chamber subsists in one of the specimens (pl. XLIX, fig.
1) where it occupies a complete volution. The change in the sculpture even on the
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Mlh‘ll‘iur portion of the body-chamber is not very pronounced, and consists only 1n
& Shgl}t obscuring of the virgatotomy and in the occurrence of a broad shallow
constriction,

The oral margin is unfortunately not preserved. The body-chamber speci-
men exhibits a somewhat asymmetrical build probably due to a slight injury to
the umbilical wall of the left half of the shell at the commencement of the body-
chamber,

The configuration of the suture is similar to that of Perisphinctes frequens.

We may readily assume that Perisphinctes subfrequens is specifically iden-
tical with a species from the Umia group of Kachh which Waagen described
under the name of Perisphinctes frequens Oppel. As has already been remarked
by Siemiradzki, the ribs are much fewer in Waagen'’s species than in Oppel’s type..
In the illustration of the Kachh species the cross-section seems thicker at the
umbilical wall than in the Himalayan specimens, but it has been already stated by
Waagen that this particular feature has not been represented with strict accu-
racy. In the case of the specimen represented in pl. XLIX, fig. 1, the umbilicus
is somewhat narrower than in Waagen'’s specimen, while in the other specimen
(pl. LXI, fig. 1c) it is perhaps a little wider; but small differences of this kind
cannot be of much importance, considering the great variability of the Peris-
phinctes forms of the Perisphinctes frequens group.

Perisphinctes subfrequens is closely related to Perisphinctes frequens Oppel
from which it differs owing to its somewhat wider umbilicus, its slower rate of
increase, and especially its much more numerous main-ribs and the character of the
body-chamber. Even at its anterior end the body-chamkber of Perisph. subfrequens
has densely crowded main-ribs, not greatly thickened, each corresponding with
three or at most four secondary ribs; the body-chamber of Perisphinctes frequens,
on the other hand, is characterised by its greatly thickened and wider-spaced main-
ribs and very numerous branch-ribs.

Perisphinctes subfrequens differs from Perisphinctes discoides n. sp. espe-
cially in the shape of its cross-section and the greater length of its body-chamber;
from P. Kraffti it is distinguished by its much larger size, the later appearance
of trichotomous ribs, proportionately taller volutions, and the shape of the cross-
sectlon.

Allied European forms are frequently mentioned under the collective name-
of Perisphinctes contiguus Catullo. Of this species there exist eleven illustra-
tions, of which Catullo, Pavlow, Toucas, Roman, Sohle, E. Favre and Vetters
have respectively published one each, while Zittel and Burckhardt are each
responsible for two; they probably refer to five or even six distinct species. The:
one that comes nearest to the above-described Indian species is one of the two
forms figured by Zittel (Aelteres Tithon, pl. 35, fig. 2, non fig. 1), but the Indian
fossil is distinguished by the greater number of ribs and the less frequent occur-
rence of bifurcate ribs. We have however reserved the name of Perisphinctes
contiguus for another Indian fossil still more closely related to the form illus-
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trated by Zittel, and established a new name for the onc just described. CO“:
sidering the state of confusion that prevails with regard to the synonymy of
Perisphinctes contiguus, and which calls for a complete revision, the procedure

here adopted appears to us to afford the easiest way out of our difficulties.
Localities —Sirkia (South Hundes), Chidamu.

</

/ PERISPHINCTES (VIRGATOSPHINCTES) KUTIANUS, n. SP.

(Plate LX, fig. 2 a—d; Plate LXXVI, fig. 1 a—c.)

Dimensions -——
Diameter . . . yfz mm. /3
Width of umbilicus | . 5
Height of volution . . . 4
Maximum thickness . . 40

The volutions overlap by about half their height. The section is wedge-
shaped. The maximum thickness occurs at the junction of the complanate flanks
with the rounded, obliquely sloping, comparatively tall umbilical wall. The
flanks merge fairly gradually into the rounded external margin.

On the umbilical wall the ribs are rather decidedly deflected backwards, on
the lower portion of the flanks they are strongly inclined forward, while on the
outer part of the flanks they are radially disposed or even slightly deflected back-
wards. In the larger of the two figured specimens, the last volution, three-fourths
of which belong to the body-chamber, carries 47 stout main-ribs, the number on
the penultimate whorl being about 62.

On the innermost volutions, the ribs are also very densely crowded, contrast-
ing strongly by their delicacy, with the coarse costation of the body-chamber.
The ribs of the inner volutions are dichotomous; trichotomous ribs first set in at
the commencement of the body-chamber, an intercalary rib being added a little
further on. The points of bifurcation are situated higher than the middle of the
volutions. |

The suture exhibits characteristic peculiarities. The external saddle is
broad, but the trunk of the first lateral lobe is very narrow and rather short. The
second lateral lobe is comparatively long and not disposed obliquely, while the
line of auxiliary lobes seems rather decidedly retrograde. The body-chamber
probably occupies a whole volution. The oral margin, which subsists in the smaller
of the two figured specimens, bears short rounded lateral lappets with a broad
base. The last rib-bundle, situated behind the oral margin, is very much blurred,
‘and is separated from the preceding by a broad sha.llo.w constriction.

This species is represented by six specimens which exhibit the usual range
of variation. In the small figured fragment of a body-chamber the convexity of
the flanks is so reduced that they are almost flat. In another specimen, the orna-
mentation of which agrees remarkably with t:hat of the ﬁgu-re.d forms, the wedge-
shape of the cross-section is particularly evident, the umbilical wall being very
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tall and the external margin narrow. In a third specimen the main ribs are more
densely crowded but the branch-ribs less numerous. Finally there is a fairly
complete, but unfortunately greatly weathered specimen in which the flanks are
more strongly convex and the ribs more deeply divided.

Perisphinctes kutianus is distinguished from Perisph. frequens owing to the
smaller number of secondary ribs on the body-chamber, the higher position of the
points of ramification and the aberrant suture-line. In P. frequens the long ribs
of the body-chamber are slightly thickened on the lower region of the flanks; at
the middle of the flanks they become reduced, while in P. kutianus they are uni-
formly strengthened. In Perisphinctes subfrequens the main-ribs are somewhat
closer set on the body-chamber, and they are somewhat weaker and less strongly
deflected forward; the constrictions are more frequent and deeper, the volutions
proportionately lower. There are also differences in the suture-line. In Peris-
phinctes multifasciatus the ribs of the body-chamber are wider spaced and breal
up into more numerous secondary ribs than in the case of P. kutianus. Moreover
the cross-section of the body-chamber is more oval, and trichotomous ribs are
restricted to the body-chamber, while in P. kutianus the trichotomous branching
commences at an earlier stage.

Localities —Kuti, Byans, Upper and Middle Spiti Shales (Coll. F. H. Smith
and Krafft); Laptal (Coll. Griesbach); Shalshal, Middle Stage.

PERISPHINCTES (VIRGATOSPHINCTES) HIMALAYANUS, N. Sp.

(- late LXI , fig. 1 a—c.)

Dimensions :(—
Diameter . . . . . . . . . . . . 134 mm. 128 mm.
Width of umbilicus . . . . . . . . . . 58 ,, 5566 ,,
Height of volution . . . . . . . . . . 43 ,, 9
Maximum thickness . . . . . . . . . . 81

bRl

The present species is closely related to Perisphinctes chidamensis, Peris-
phinctes Kraffti and Perisphinctes Burckhardti, and is distinguished by its com-
paratively strongly inflated volutions the maximum thickness of which is situated
at the lower part of the flanks near the umbilical wall. The thickness of the
volutions considerably exceeds their height. The flanks, external margin and
umbilical wall are all rounded. The flanks slope more steeply towards the um-
bilicus than towards the external margin.

The inner volutions carry crowded dichotomous ribs numbering about 65, on
the lower part of the penultimate whorl. At the beginning of the last volution
more than three-fourths of which belong to the body-chamber the dichotomous ribs
are accompanied by trichotomous ones, while further on trichotomous ribs predo-
minate. At the anterior part of the last volution a short intercalary rib is insert-
ed between successive trichotomous rib-bundles, so that, on the upper part of the
flanks, there are four short ribs to every long one. The type of ramification is
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distinetly virgatotc s the
Y Virgatotomous, though the several branches originate very close to one

i‘;::“t:::il(i(llt} ](‘)‘; 1:3}‘]’:1 gt \;'{hich the ri.bs commence branching is situated higher than
developed L)n thé bodan hs The r1b—s?ems are rather w.ide-space.d and strongly
On the anterior Ort'y-c amber. Their number on th.e last volutlf)n.is ahout 50.

osteriorle & p lo.n.of the. body-chambe-r there exists a constriction bordered
pos rly by an undivided rib, and anteriorly by a very prominent rib, which
unfortunately is not completely preserved. .

| The ﬁrsft lateral lobe is considerably shorter than the external lobe; its stem
13 compar atively broad; the saddles are also broad. The second lateral lobe is a
h.ttle shox:tfer than the first and only slightly oblique. There are only three dis-
tinct auxiliary lobes the last of which stands at about the same level as the apex
of the first lateral lobe. The points of the first auxiliary lobe and of the inner
lateral main-branch of the first lateral lobe are far apart.

l.'he body-cham.ber is not entirely preserved. It probably included about one:
volution. In the vicinity of the last suture and of the penultimate one the right
flank shows traces of some injury to the shell.

. Perisphinctes himalayanus is distinguished from Perisph. Burckhardti by
1ts much greater thickness, its more rounded cross-section, the more numerous.
branch-ribs on the anterior part of the body-chamber and the higher position of
their points of ramification. From P. chidamensis it differs by its larger size,
greater thickness, stronger development of the main-ribs and greater number of
secondary ribs, the much denser costation of the inner volutions and more strongly
developed auxiliary lobes.

Perisphinctes Fontane Catullo sp.' from the Upper Jurassics of Europe is
an allied species which, however, is so thick and so narrowly umbilicated that it
cannot he identified with P. himalayanus. We have, further, to mention here a
form from the Malm of the Katzenberg near Unterammergau, which has been figur-
ed bv U. Sohle* under the name of Perisphinctes contiguus Cat., but which, how-
ever, corresponds neither with the original Perisphinctes contiguus of Catullo, nor-
with any of the other forms to which the name of Perisphinctes contiguus has been
applied, though it probably does belong to the group of Perisphinctes contiguus
taken in its wider sense. It is distinguished from P. himalayanus owing to the
less strongly pronounced virgatotomy of its ribs, a scmewhat wider umbilicus
and apparently also a greater flatness of its volutions. We are unfortunately
unable to form any definite opinion on the subject, as the fossil in question has.
not vet heen figured or described in sufficient detail.

P. himalayanus is represented by two specimens from Chidamu. In the un-
specimen the ribs are somewhat more strongly curved on the lower part of

figured _
A small fragment of a body-chamber possibly belongs to the same-

the volutions.
species.

Mem. Instituto Teneto, vol. V, pl. I1, fig. 1a, b, p. 203.

1 o va clnssificatione delle caleario rosse.
[ntormo ad nna NIOVA « finchen, XI, 1898, pl. XII. p. 186.

1 1*_ 43hle. Das Ainmergebirge, Geognost. Jahreshefte, M
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\. Yt a .
/ PERISPHINCTES (VIRGATOSPHINCTES) BURCKHARDTI, D. SP.
/ .

’
/

(Plate LXII, fig. 3 a—c¢.)
Dimensions ~—

Diameter

‘ . . . 124 mm.
Width of umbilicus 56
\ 1
Height of volution . 37
124
s With a diameter of 113 mm., the width of the umbilicus is 52 mm., the volution height 36 mm., the maximum thickness
355 mm.

In this species the thickness of the volutions is almost as great as their
height. The cross-section is rounded with the maximum breadth situated close
to the rounded and rather steeply sloping umbilical wall. The umbilicus is wide
but not very deep. The volutions overlap by somewhat more than one-third.

The inner volutions are ornamented with densely crowded dichotomous ribs
the exact number of which cannot be ascertained. In the figured specimen there
are 44 dichotomous ribs on the anterior part of the penultimate volution. Tri-
chotomous ribs only make their appearance when the diameter has reached 88 mm.
On the front portion of the last volution a short, fourth intercalary rib is added
to the trichotomous ribs. There is one distinct constriction on the last volution.

Portions of the body-chamber subsist in all the specimens. Owing to its
fragmentary condition, it is not possible to decide whether the specimen with
preserved oral margin from Niti, which H. F. Blanford has described as 4 mm.
triplicatus (Paleontology of Niti, pl. XIII, fig. 1¢ (non 1 @,b) should be classified
with the same species.

The present species approaches Perisph. Krajfti on account of its rounded
volutions, but it is distinguished by the late appearance of the trichotomous ribs
which replace the dichotomous ones at a very early age in Per. Kraffti. From
Perisphinctes kutianus the present species is distinguished by its wider um-
bilicus, its lower, more strongly rounded volutions, more deeply cleft and much
more crowded ribs and the later appearance of the trichotomous ribs. The dis-
tinguishing features of P. himalayanus and P. chedamensis are stated under
their respective headings. S .

Under the name of Perisphinctes danubiensis Schlosser, P. de Loriol’ has
described a closely allied species from the coral reef.of Vajlﬁn. Th%s .form, whi(?h,
however, does not seem to be specifically quite identlfzal v.v1th the original K'elhejlm
type of Perisphinctes danubiensis, differs.fl:om Pemsp'lmnctes Burckhardti owing
to the higher position of the point.s of origin of. the. rib-bundles .atnd.a somewha,t::
greater thickness. The type specimen of Perisphinctes danubiensis Schlosser
is much thinner and has a taller, oval aperture.

1 3ém. Soo. paléontol. Suisse, XIII, 1886, pl. 1, fig. 5.
3 Fauna des Kelheimer Diceraskalkes, pl. I, fig. 3, p. 19.
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Still more closely related perbaps is an Argentinian form which Burckhard
has described under the name of Perisphinctes aff. pseudolictor Choffa

With a slightly more pronounced curvature of the flanks and slightly more distinct
" virgatotomy ” of the ribs the South American fossil could be directly identified
with the Indian species. A more detailed Investigation of both areas may supply
material enabling us to arrive at a more definite opinion regarding the possible
specific identity of some of their fossils. The differences between Perisphinctes
pseudolictor Choffat and the Argentinian form have been stated by Choffat him-
self in Burckhardt’s description; they are essentially the same as between the
Indian and Portuguese species. We agree with Choffat that the Argentinian and
Portuguese forms cannot be specifically united.

One of the specimens is from Tongtak (? label not clearly decipherable), two
others are from Laptal (Coll. Schlagintweit).

PERISPHINCTES (VIRGATOSPHINCTES) MULTIFASCIATUS, D. sp.

(Plate LX, fig. 1 a—c¢.)

Dimensions :—-
Diameter . . . 136 mm. 157 mm. 168 mm.
Width of umbilicus . . 57 ., 64 ' 71 ’
Height of volution . . . 46 ,, 54 - 565 ,,
Maximum thickness . . . 39 .. 465 ,, 52 '

Up to a diameter of 70-75 mm. this species is ornamented with dichotomous
ribs. About half a volution further, rib-bundles make their first appearance on
a portion of the shell which already belongs to the body-chamber. At first every
fascicle consists of three branch-ribs and an intercalary rib. But the number of
secondary ribs increases so rapidly that on the front portion of the body-chamber
each main-rib is accompanied by 5 to 7, or even 8 secondary ribs. The main-ribs
are stout, wide-spaced and rather strongly deflected forward. Between the main-
ribs the shell is deeply sunk especially on the front part of the body-chamber, and
the ribs grow much stouter before breaking up into rib-bundles. The cross-sec-
tion has a regular oval shape; the umbilical wall slopes obliquely towards the
umbilicus and the maximum thickness is situated at the junction of the flanks and
umbilical wall. In the body-whorl, the volution-height exceeds the thickness,
while the reverse is observed in the inner whorls.

The suture is not known. The length of the body-chamber is probably one
complete volution. The figured specimen of this specles is neither ql%ite SO lal.'ge
nor so well preserved as three other specimens of the Schlagintwel.t collection
which, unfortunately, were received from Munich too late for illustration. Oppel

referred these specimens to his Ammonites frequens; on closer inspection it is

1 Profils géologiques transversaux de In Cordillére Argentino.Chilicnne, Anales del Museo da la Plata, 1900, pl. XXIV,

g 4. Peitrige znr Kenntniss der Jurn.und
P W

Kreideformation der Cordillere. - Palacontographica, vol. 6n, pl. IV, figs. 1, 2,

E2
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found impossible to unite p. frequens and P. multifasciatus. P. frequens 18 more

closely involute, and the ribs on the inner whorls are much more densely crowded.
On the body-chamber the ribs do not become so massive, they are more crowded
and the shell is not so deeply sunk between successive fascicles as it is in the case
of P. multifasciatus. Moreover the volutions of P. frequens are relatively taller
and mor(.a strongly bevelled externally than in the case of P. multifasciatus.

Perisphinctes kutianus is another closely allied form. The rib-bundles on
the body-chamber of this species consist of fewer branck-ribs (four only), the
cross-section is more cuneate, the flanks are more flattened, the ribs are somewhat
more deflected forward, and the shell is somewhat smaller.

Locality —Jandu, Sherik River Hundes {1 specimen), Laptal (3 specimens).

PERISPHINCTES (VIRGATOSPHINCTES) HAYDENI, n. sp.

(Plate LXI, fig. 2 a—d))

The present species has a flat discoidal shell, with a wide umbilicus. The
flanks are distinctly flattened, the umbilical wall is rounded and steeply decli-
vous, the external margin convex. The cross-section has a rounded-trapezoidal
shape. The number of ribs is about 63 on the body-whorl and 68 on the penulti-
mate one. They are densely crowded, strongly deflected forward and the branch-
ing points are situated above the middle-zone of the flanks. The ribs are probahly
exclusively dichotomous on the inner volutions; dichotomous ribs are still frequent
in the posterior portion of the body-whorl whose middle and anterior portions
carry ribs with three or four branches. It is quite close to the anterior end that
the main-ribs become somewhat thickened and wider-spaced. The suture and
the oral margin are not preserved; three-fourths of the last volution belong to the
hody-chamber, which probably occupied a complete whorl.

Perisphinctes Haydent n. sp. is distinguished from its nearest ally Peris-
phinctes subfrequens owing to its wider umbilicus, slower rate of increase, and
its more strongly deflected ribs whose branching-points lie at a higher level.
Moreover the shape is somewhat flatter, and the flanks and external margin some-
what more complanate. In Perisphinctes frequens the body-chamber carries
much more numerous branch-ribs and less numerous and stouter main-ribs; its
umbilicus is narrower and the breadth is greater at the lower part of the flanks.
In the case of Perisphinctes multifasciatus n. sp. the umbilicus is as wide as in
P. Haydens, but the branch-ribs are much more numerous, the main ribs fewer,
and the cross-section of the volutions is more oval.

The figured specimen is from Jandu, Sherik River, Hundes. Two other speci-
mens preserved in the Schlagintweit collection are from Laptal. One of them
is somewhat flatter than the type, the other is perhaps somewhat thicker with a
slightly narrower umbilicus, but its greater thickness and.want of symmetry are
probably connected with an injury noticeable in the right half of the shell.
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Finally, a small specimen from Sirkj

_ a, South Hundes, is perhaps also referrable
to the same species.

) / PERISPHINCTES (VIRGaTOSPHINCTES) KRAFFTI, 0. sp.

(Plate LIII, fig. 4 #—d; Plate LXII, figs. 1 a, b, 2 a—c¢.)

Dimensions :—
Diameter . . . . . . 92'4 mm. 88 mm. 74 mm.
Width of umbilicus . . . . 345 ,, 36 ' 302 ,,
Height of volution .. A+ S 298 ,, 2%,
Maximum thickness . . . . 318 ,, 28 26

The shape is discoidal. The volutions are rounded and overlap by about
one half of their height. The width of the cross-section exceeds the height when
the shell is immature, the proportion becoming reversed with increasing age.
The umbilical wall is rounded and slopes obliquely. The flanks are slightly
arched and gradually merge into the strongly convex external margin.

The ornamentation consists of virgatotomous ribs; in one specimen there are
52 main-ribs on the last volution, in another 47. There are 3 or 4 branch-ribs to
every main-rib on the last volution. The branching-point of the ribs lies above
the middle zone of the volutions. There are three or four distinct constrictions
per volution. ‘The *“virgatotomous” type of ramification is evolved at a very
early stage, trichotomous ribs being already noticeable when the diameter mea-
sures only 55 mm.

The subsymmetrical first lateral lobe descends as low down as the external
lobe. Its trunk is somewhat broader than in P. frequens, the saddles being also
broader than in that species. The apices of the first auxiliary lobe and the inner
main lateral branch of the first lateral lobe are fairly wide apart, so that the
second lateral lobe is freely developed. There are four retrograde auxiliary lobes,
the last one of which stands at about the same level as the apex of the first lateral

lobe.
In one of the specimens the body-chamber is almost completely preserved and

occupies a whole volution. S

Perisphinctes Kraffti, like P. frequens, appears to vary ?v1th1n w1d§ limits.
The figured specimens are not alike : the smallest of them is prop(_)ruonately
thicker, and its suture-line is somewhat more compact; the largest specimen has a
narrower umbilicus and much more convex ﬂan?:{?. Other specimens are still
flatter, with taller volutions, and narrower umblhcus.. Throughogt all these
variations, the species is characterized. by its comparatively .sma,ll size, the early
appearance of trichotomous ribs, and its depressed and subcircular to oval cross-

sect1on.

Perisphinctes K raffti is distinguished from Perisphinctes subfrequens by the

early appearance of trichotomous ribs, its smaller size, and lower and more

;('-|1nydorlp50111tionS' from Perisphinctes Broilii by its less rounded, comparatively
n p )

taller and narrower volutions and the characters of the body-chamber.
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P. Choffat has described a closely allied species from the Abadia Marls of
Portl.xgal under the name of Perisphinctes Ribeiroi.* The question might even
be.ralsed as to the advisability of directly identifying P. Kraffti with P. Ribet-
roi. In the case of the Portuguese species, however, the “ virgatotomy ” of the ribs
is less pronounced and the volutions are less rounded, so that it seems advisable to
keep both forms distinct. Another closely similar form is Perisphinctes choicen-
sts Burckh. from the Argentine. It differs from P. Kraffti by its narrower um-
bilicus, trapezoid cross-section, simpler sutures and much more numerous branch-
ribs. Lastly, mention should be made of Perisphinctes Basilicae E. Favre® from
the Acanthicus strata of Switzerland, a species which has higher and flatter
whorls, a narrower umbilicus and less distinctly “ virgatotomous ” ribs and which
probably, therefore, differs specifically from P. Krajfti.

Localities—Chidamu, Sirkia, Spiti valley, Laptal, Kuti. 13 specimens.

, PERISPHINCTES (VIRGATOSPHINCTES) BROILII n. sp.

£

/ (Plate XCI, fig. 1 a—d.)

Admmonites triplicalus (Sow.) : H. F. Blanford is» Blanford and Salter, Palicontology of Niti, 1863, pl. I, fig. 1 a, 4,
(non 1 ¢), p. SU.

dimmonites triplicatus, Sowerby: G. C. Crick, The Cephalopoda in the Strachey Collection from the Himalaya.

Geol. JMagazine dec. V. vol. I, 1901, p- 9.

Dimensions :—
Diameter . . . . . . . . . . . . 99 mm. 87°5 mm.
Width of umbilicus . . . . . . . . . . 4 | 365 ,,
Height of volution . . . . . . . . . . 31 ” 297 ,,
Maximum thickness between the ribs . . . . . 345 ,,
Maximum thickness measured over the ribs . . . . . 36 ' 31 )

In this species trichotomous ribs already make their appearance, when the
diameter has only reached about 50 mm. soon after which a fourth branch-rib
becomes intercalated and the main-ribs recede somewhat further from each other.
On the anterior part of the body-chamber there are secondary ribs to every main-
rib, the latter projecting in the form of a rather thick fold. There are 42 main-
ribs on the last volution, part of which belongs to the body-chamber, 40 on the
penultimate whorl, 35 on the antepenultimate one. The ribs are strong, and on
the inner volutions they are sharply defined; the lower branching-point is
situated at half the height of the volutions or somewhat lower down, sometimes
as far down as the umbilicus. There are on an average two rather deep
constrictions to each volution. The constrictions are anteriorly bordered by a
simple rib. _

The volutions have a subcircular cross-section, their breadth somewhat exceeds
their height and they overlap by about half their height.

The suture generally exhibits the characteristic configuration of the genus.
The apex of the lateral branch of the first lateral lobe and that of the first auxiliary

1 Faunc jurnss. du Portugnl.  Ammonites du Lusitapien, pl. 18, fig. 18, p. 4wl.
2 Mém. Soc. paléontol. Suiss , vol. IV, pl. 11T, figs. 0, 10, p, 43,
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lobe approach each other pretty closely though without essentially interfering
with the development of the second lateral lobe. The incomplete remnants of the
body-chamber occupy rather more than two-thirds of the last voluticn, the oral
margin being broken off.

H. F. Blanford’s type from Niti is not quite so thick as the figured specimen
and its ribs are somewhat more numerous, their number on the last volution being
49 instead of 42. 1In all other respects there is perfect agreement.

The present species is closely related to Perisphinctes Kraffti, from which it
is distinguished by its stronger and less crowded ribs and its much more depressed
and more nearly circular cross-section.

The appearance of the fold-like ribs with their numerous secondary ribs on
the front portion of the body-chamber vividly recalls Perisphinctes raja, Per.
minusculus and Per. multifasciatus. From the first-named species P. Broulii is
distinguished by its much smaller size, its sharp and less numerous ribs on the
inner volutions, the numerous constrictions, and the shape of the cross-section;
from Per. minusculus it differs by the wider spacing of the ribs which are coarser
and less strongly deflected forward, and also by the smaller number of branch-ribs
and the shape of the cross-section; from Per. multifasciatus it differs by its smaller
size, the early appearance of trichotomous ribs, the deeper ramification of the
ribs and the proportionately lower and much more nearly circular cross-section.

Amongst European species the closest ally is Perisphinctes exzornatus Catullo.
Like Perisphinctes Broilii, this species 1s distinguished by comparatively low
volutions and a very early appearance of complex ramifying ribs. Perisph.
exornatus Cat. sp. has, however, a wider umbilicus, flatter and less overlapping
volutions, and the complex ramified ribs appear at a much earlier stage. The
form which Zittel® has figured, under the same name and in which the trichotomous
ribs appear somewhat earlier than in Catullo’s form, cannot be identified with the
Indian species because it is much flatter with a much wider umbilicus. Peris-
phinctes exornatus has been mentioned by Zittel from the Lower and Upper
Tithonian, and by Neumayr® from the 4 canthicus Strata.

The present species is represented by three specimens from Shangra and
Laptal in Ngari Khorsum (Coll. Schlagintweit). The exact locality of Blanford’s
specimen from Niti is not known.

?

N~ PERISPHINCTES (VIRGATOSPHINCTES) DISCOIDES, N. SP.
‘ (Plate XLIX, fig. 2 a—d.)
D mensions :—
Diameter (approximatey) . . . . . . . . . 106 mm. 958 mm.
Width of umbilicus . . . . . . . . . .42 39 .,
Height of volution . . . . . . . . . . 38, 4,
Max.mum thickness . . . . . . . . . .29 278

”»

1 Prodromo di (Geognosin paleoz. delle Alpi Veneti, 1847. Appendice IIT, pl. XIII, §g. 2, p. 10. Iutorno ad upa
nneva rlassificazione delle calearie rosse.  Memorie J. B. Instituto Veneto, V. 1855, pl. 111, fig. 2.

2 Aslteres Tithon, pl. 34, fig. 3, p. 106. Stramberger Cephalopoden, p. 1186,

3 Acanthicns-8chichten, p. 179.



338 HIMALAYAN FOSSILS.

This species is distinguished by a rather discoid shell with complanate flanks,
rounded external margin and rounded, rather low and moderately steeply inclined
umbilical wall.  The volutions overlap by about three-sevenths of their height;
the umbilicus is rather flat and wide, though the branching-points of the inner
whorls are concealed. The cross-section is approsimately oval with its maximum
width situated in the vicinity of the umbilical wall though the thickness does not
differ very considerably when measured at higher levels.

There are 52 ribs on the last volution, and 46 on the penultimate one; they are-
slightly deflected forward. Dichotomous and trichotomous ribs alternate at the
commencement of the last volution and are soon succeeded by exclusively tricho-
tomous ribs, while on the anterior portion of the last volution a fourth and short
intercalary rib is frequently added to the trichotomous rib-bundles. The
branching-point of the ribs lies above the middle-line of the volutions. The points
of origin of the two branches are situated quite close to each other, producing the-
impression of a swelling of the ribs in the region of ramification. There are no
conspicuous constrictions.

The first lateral lobe is nearly as long as the external lche; the second lateral
lobe has a somewhat oblique direction and is scarcely more strongly developed
than the first auxiliary lobe. The third and fourth auxiliary lobes are very small
and almest combined into one; they stand at about the same level as the apex of
the inner main lateral branch of the first lateral lobe. The external and first
lateral saddle are nearly equal in height.

Although only two-thirds of the last volution of the figured specimen belong
to the body-chamber, yet the anterior edge suggests the configuration of a final
oral aperture. The lateral lappets are not preserved; but their base is visible.
The shell at this place expands outward, and there is a broad and shallow con-
striction behind the oral margin. We must therefore conclude that the end of the
specimen corresponds with the final aperture and that the body-chamber of the:
present species was comparatively short. In a second specimen, which agrees
excellently with the figured one, half of the last volution belongs to the body-
chamber; but as the remainder of the body-chamber is missing it dces not help-
to elucidate this matter.

Perisphinctes discoides is distinguished from Per. subfrequens by its flatter
and taller volutions, stronger ribs, shorter body-chamber and feebler constric-
tions.

Perisphinctes discoides is represented by specimens from Chidamu (Coll.
Diener), Shangra in Puling, Ngari Khorsum (Coll. Schlagintweit) and the-
Kiangur Pass (Coll. Diener). A small specimen from Kibber perhaps belongs .
to the same species; it already shows trichotomous ribs at a diameter of 41 mm.

y

—/_... PERISPHINCTES (VIRGATOSPHINCTES) SUBQUADRATUS, . Sp.

(Plate LXVIII, fig. 1 a—c.)

Dimensions :—
Dinmeter . . . 1165 mm. At a diameter of . . 1066 mm.
Width of nmbilicus . . . 43 )
Height of volution . . . . 445

Lo W
7 - /]

-1 ot

Maximum thickness . . . . 4153 .
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In the present species the ribs are stout and crowded and strongly deflected
forward. Dichotomous ribs amongst which are scattered a few trichotomous ones,
decorate the posterior portion of the body-chamber while on the anterior portion,
trichotomous ribs prevail. The body-whorl carries one broad and rather deep
constriction in which one of the ribs becomes obliterated. The constriction is
distinctly developed only on one side of the shell, the opposite side bearing a
simple rib in its place. As the shell is strongly arched on the external margin
behind the constriction, this must be a case of irregular growth.

In the chambered nucleus the thickness of the volutions considerably exceeds
their height; at the commencement of the body-chamber the cross-section is
depressed, trapezoidal with strongly convex external margin finally passing into
a subquadrate form. This stage is represented in fig. lc. It is only on the
anterior portion of the preserved part of the last volution that the height of the
cross-section exceeds its thickness by a small amount. The flanks are slightly
flattened; the umbilical wall is rounded, rather tall, sloping gently on the body-
chamber, steeper on the inmer volutions. The volutions overlap by a little less
than half. The branching-points of the innmer whorls are concealed inside the
umbilicus.

The suture is not preserved, but it is possible to ascertain that the greater
part of the last volution belongs to the body-chamber.

P. subquadratus resembles P. chidamensis in the pronounced anterior deflec-
tion of the ribs, the small number of secondary ribs, the low volutions and the
wide umbilicus, but is easily distinguished owing to its subquadrate cross-section,
its more deeply ramified and stouter ribs and its narrower umbilicus.

From Perisphinctes Burckhardti the present species is distinguished by its
sharper, stronger and more strongly deflected ribs, the greater crowding of the
main-ribs on the body-chamber, the smaller number of secondary ribs and the
much narrower umbilicus.

Perisphinctes subquadralus is one of those species which Stoliczka included
in his 4. ¢triplicatus. The type-specimen is from Spiti (Coll. Gerard).

PERISPHINCTES (VIRGATOSPHINCTES) CONTIGUUS, (Catullo) Zittel.

(Plate LXVIII, fig. 2 a—d.)

Perisphinctes contiguvs Zittel, Fauna der ilteren Tithonbildungen, pl. 34, fig. 2 a—c¢, non pl. 34, fig. 1la, b (mon
Amin. contiguus Catullo, Pavlow, Toucns, Séhle).

Perisphincten of. contiguns Vetters, Fauna der Jurnklippen zwischen Donau und Thaya. Beitrige zur Geologie
wnd Pal. Orsterreich-Ungarns, Wien, 1905, vol. 17, pl. 22, fig. 7, p. 235 (with extensive synonymy).

Dimensions of the figured specimen :—

Diameter . . . . . . . . . . . . ] . 103 mm.
Width of umbilicus . . . . . . . . . . . . 393,
Height nf volution . . . . . . . . . . . . . 315,

. . . . . . . . » . - 3 [ "ouno!qq mm!x'w 31.8

'



340 HIMALAYAN FOSSILS.

The shape is rather flat-discoidal. The umbilicus is comparatively narrow.
The cross-section is oval, the maximum thickness coinciding with the junction of
the flanks and umbilical wall. The sculpture of the body-chamber consists ot
sharp, deeply cleft, trichotomous ribs, between which are intercalated numerous
oifurcate ribs especially on the older portion of the body-chamber. The suture-
line is characterized especially by the shortness of the second lateral lobe and the
nearly transverse disposition and strong development of the first auxiliary lobe.
The last volution belongs almost entirely to the body-chamber though the oral
aperture has not been preserved.

The form above described agrees perfectly as regards its sculpture, with the
above-mentioned Perisphinctes contiguus of Zittel. In the figured specimen the
shape does show certain differences, since it has a somewhat narrower umbilicus
and somewhat higher volutions,® but these differences are not essentially greater
than those which we have admitted within the range of variability in the case of
certain other allied species. Moreover, there is a second smaller specimen which
does not show any appreciable difference in the shape of the shell. Although the
approximate diameter of this specimen is only 73 mm. yet the whole of the last
volution belongs to the body-chamber. The sculpture coincides exactly with that
of P. contiguus; but the number of bifurcate ribs is rather large, as would
naturally be expected from the small size of the specimen.

Whether we should continue applying the name “ contiguus ” to Zittel’s form,
here selected, will depend on the result of some future revision of the species
* contiguus,” the necessity for which has already been pointed out in the descrip-
tion of Perisphinctes subfrequens.

P. contiguus is distinguished from Perisphinctes frequens by its small size,
the smaller number of ribs and greater frequency of bifurcate ribs.

In Europe Perisphinctes contiguus is found especially in the Lower Tithon-
1an, but it also occurs in the Upper Tithonian and in the 4 canthicus Strata.

Locality.—Laptal, Middle Spiti Shales; Shalshal, Middle Spiti Shales.

!

i

™~_  PERISPHINCTES (VIRGATOSPHINCTES) INDISTINCTUS, I. SP.

j (Plate LXVI, fig. 2 a, b.)

Dimensions :—
Piameter . . 66'6 mm.
Width of umbilicus . %6
Height of volution . . . . . . . 926 .
Maximum thickness . . . . . . . . . . . . . 295

2

The umbilicus is narrow. The volutions are rounded and overlap by nearly
half their height, the maximum thickness being situated in the vicinity of the

1The volution height as drawn in fig. 25, pl. LXVIII of this volume is too grent b

” , Y 1 mm.; moreover th ei i
somewhat distorted by compression at its anterior ¢nd so that the he e specimen is

ight Of the (_‘1'oss.secti0n llppf.‘lll‘l .
proportionatel
than it should. P ately greater
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rounded umbilical wall. On the last volution there are 45 ribs which bifurcate
at about half the height of the flanks. There are only four trichotomous ribs, the
remainder being only dichotomous. The last volution belongs mostly to the body-
chamber. The suture-line has not been preserved.

As there is no trace of an external furrow, the present form has to be placed
in the subgenus Virgatosphinctes, its nearest allies being probably Virg. contiguus
Zittel, Virg. serpentinus, and Virg. similis. Virg. contiguus differs from the
above-described form by its relatively higher volutions and greater number of
trichotomous rib-bundles; Virg. serpentinus differs by the more densely crowded
ribs and the different outline of its more rounded cross-section, the greatest width
of which lies closer to the middle of the volutions. Perisph. similis, finally, has
also more crowded ribs and a more rounded cross-section.

Unfortunately there is only a single specimen of this species, and the oral
margin is wanting. We cannot, therefore, be quite certain whether the specimen
is really full-grown, in consequence of which there subsists a certain amount of
uncertainty. A specimen from the Acanthicus Strata of the Freiburg Alps,
described by E. Favre' under the name of Perisphinctes sp. ind. should perhaps
be united with Perisphinctes indistinctus.

Locality —Laptal, Hundes.

PERISPHINCTES (VIRGATOSPHINCTES), n. sp. ind.

The collection contains another new species which, unfortunately, is only
represented by incompletely and badly preserved specimens approximately attain-
ing the size of Perisphinctes subfrequens and of the smaller specimens of Per.
frequens; the cross-section is similar to that of P. frequens. The most character-
istic feature of the present species consists in the prevalence of bifurcate ribs
even up to the middle of the body-chamber, or, in one instance, as far as its
anterior portion. In the latter specimen the trichotomous ribs contrary to the
usual disposition are more numerous on the older part of the body-chamber than
on the newer portion.

The frequency of the bifurcate ribs on the newer portion of the shell recalls
to some extent one of the forms which Zittel has figured under the name of
Perisphinctes contiguus (Aelteres Tithon, pl. 34, fig. 1 a, b, non 2 a—c). The
form determined as Perisphinctes contiguus by Pavlow also seems to be closely
allied form. Both, however, are specifically distinct from the Indian form.

Fresh discoveries must be awaited in order to enable us to define this interest-
ing species more accurately.

There are two specimens from Chidamu, and one from the Spiti valley
(Survey number H. 47/448).

PERISPHINCTES (VIRGATOSPHINCTES ?), n. sp. ind.

In the present species the ribs are strongly deflected forward and slightly

) . . . . B
curved, their upper portion being ramified according to the °
1Terrnin Kimmeridgien, Mém. Soc. pal. Suisse, vol. IV, fig. 1 a, 3, . 41,

¢ .
virgatotomous ”
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plan. The position of this form within the subgenus Virgatosphinctes though

probable is nevertheless not quite certain. This very characteristic species 18
clearly distinguished from all the other forms of the subgenus owing to the
transverse expansion of the aperture which recalls Perisph. bathyplocus Waagen,
Perisph. pagri Waagen and Perisph. Freyssineti Favre though the cross-section
is still broader and lower than in any of the above-mentioned species. Moreover
the oblique position of the umbilical wall, which merges gradually into the flanks,

is very characteristic. The suture is extremely laciniated and the composite
umbilical lobe is strongly retrograde.

One specimen is from Chidamu, another from Shangra (Coll. Schlagintweit).

PERISPHINCTES (VIRGATOSPHINCTES) INCERTUS, D. SP.

(Plate LXVTII, fig. 2 a—d.)

Dimensions :—
Diameter . . . . . . . . . . . . . 96 mm,
Width of umblhcus . . . . . . . . . . . . . 43 .
Height of volution . . . . . . . 318 ,.
Maximum thickness . . . . 358 ..

The umbilicus is rather wide, the cross-section rounded, its breadth being
considerably in excess of its height; the maximum thickness lies at the junction of
the flanks and the umbilical wall.

The ribs are strong, sharp and prominent; on the lower part of the flanks and
on the umbilical wall they are strongly curved backwards. There are 47 main-
ribs on the last volution. The inner volutions bear dichotomous ribs, the point of
branching being situated higher than the middle of the volutions. On the body-
chamber trichotomous ribs are occasionally associated with the dichotomous ones,
their point of ramification being situated below the middle of the flanks. Excep-
tionally, in conjunction with a slight constriction, ramification may even originate
in the lower part of the flanks.

The suture is unknown. Three-fourths of the last velution belong to the
body-chamber, which is not completely preserved and which shows some healed up
injuries on its anterior portion.

The species above described is allied to Perisphinctes chidamensis. The
diagnostic characters consist in its more numerous ribs (56 in P. incertus instead
of 47 in P. chidamensis), their stronger curvature and more massive development
on the anterior part of the shell and the somewhat lower position of the points of
ramification. Owing to the scanty material, it is not, however, possible to ascer-
tain how closely the present species may actually approximate to Perisphinc res
chidamensis.

A second allied species is Perisphinctes euplocus Waagen from the Katrol
Sandstone of Kachbh. Pem'spkmrtes incertus agrees with this spe01eb as regards

the strong curvature of the ribs and the great width of the umbilicus. But the
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ribs of Perisphinctes euplocus are still more strongly curved and more deeply
cleft even on the volution preceding the body-chamber, which, in Perisphinctes
incertus, carries straight ribs whose branching-points lie at a higher level. Finally,
in Perisphinctes incertus the cross-section is wider and less rounded than in
Perisphinctes euplocus.

Locality —Between Ting Jung La and Chhota Hoti.

PERISPHINCTES (VIRGATOSPHINCTES) LEMOINEL, n. Sp.
“ :

S (Plate XCTy4, fig. 1 a—c.)
Dtmensions :—
Diameter . . . . . . . . . . 96 mm,
W.dth of u_blc.s . . . . . . . . . 4a
Height of volution . . . . . . . . . . . 323
Maximum thickness e . . . 38

The cross-section of the inner volutions is broad, depressed, oblate-elliptical,
whilst the cross-section of last volution so far as preserved assumes a roundish
trapezoidal shape. The umbilical wall is rounded and steeply declivous; the
maximum thickness occurs at the junction of the flanks and umbilical wall.

The last whorl has 49 main-ribs. On the posterior part of the last volution
dichotomous ribs predominate, but on the anterior part they are replaced by
treble and quadruple ramified bundles. The ribs are stout, very deeply cleft and
are deflected forward on the lower part of the flanks and on the umbilical wall,
the direction of curvature being reversed on the upper part ot the flanks.

The suture is not distinctly preserved; the specimen is chambered up to its
anterior end.

The specimen described here recalls Perisphinctes subquadratus owing to its
stout ribs and trapezoidal cross-section during the middle stages of growth. But
in Perisphinctes Lemoinei. the ribs are much more deeply cleft and much more
strongly curved, and, moreover, the number of ribs ramifying into three or four
branches is much greater, so that there is no possible confusion with Perisphinctes
subquadratus. From Perisphinctes incertus and Perisphinctes chidamensis the
present species is distinguished by its thicker volutions, narrower umbilicus, more
densely crowded and more strongly curved ribs and by the shape of the cross-
section; from Perisphinctes Mayeri n. sp. it differs by its narrower umbilicus,
thicker whorls, more strongly curved and less numerous ribs and the shape of the
cross-section. It agrees with Perisphinctes infundibulum in' its deeply sunk
umbilicus and strongly curved ribs. Nevertheless the two species cannot be con-
fonnded owing to the great number of trichotomous ribs.in Perisph. Lemoinet
and the discrepancies in the form of the cross-section. Finally, we must mention
Perizphinctes euplocus Waagen from the Katrol Sandstone the ribs of which are
curved like those of Perisphinctes Lemoinet. But the ribs of Perisph. Lemotnei
are more numerous and more crowded, their lower portion is less inflated, the
nmbilicns is narrower, the volutions are much thicker and less rounded.
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The type-specimen of Perisphinctes Lemoinei is from Shangra in Ngari
Khorsum. A second very fragmentary specimen from the same locality has some-
what thinner ribs (Schlagintweit collection in Munich).

PERISPHINCTES (VIRGATOSPHINCTES), sp., aff. EupLocUs Waagen.

(Plate LXXIII, fig. 3 a—c¢.)

Perisphinctes euplocus Waagen, Jurrassic Cephalopoda from Kutch. Pal@ontologia Indica, Calcutta, 1875,
p. 189, pl. 52, fig. 2a.

Dimensions :—
Diameter (approximately) . . . . . . . 81 mm.
Width of umbilicus . . . . . . .37 ’s
Height of volution . . . . . . . . 242
Maximum thickness . . . . . . 29-2

24

The inner volutions have slightly flattened flanks, a rounded cross-section
and straight, bifurcate ribs, slightly deflected anteriorly like those of Peris-
phinctes Mayeri. On the last volution, however, the sculpture and cross-section
become very different : the cross-section becomes trapezoidal in consequence of the
maximum thickness being shifted to the lower part of the flanks, the ribs become
strongly curved with “virgatotomous ™ ramification into ‘three or even four
brauches. On the lower part of the flanks the ribs are strongly deflected forward,
while half-way up they bend round into a backward direction, and it is at this
level that the “ virgatotomous ” branching takes place.

The sutures and oral aperture are unknown. The portion of the last volu-
tion which is ornamented with sigmoidal ribs belongs to the body-chamber, but
its exact length cannot be ascertained.

The species above described belongs to the group of Perisphinctes Lemoinei
and Perisphinctes incertus. From the former species it is distinguished by its
flatter shell and the much stronger curvature and much deeper ramification of the
ribs on the body-chamber; from Per. incertus it differs by its wider umbilicus,
flatter shell and less numerous ribs which are stouter in their lower portion.

Several features of this fossil such as the comparatively strongly sigmoidal,
deeply cleft ribs, thickened at their lower part, the flatness of the shell and the
great width of the umbilicus strongly recall Perisphinctes euplocus Waagen from
the Katrol Sandstone. But it is not specifically identical, because, in the present
species, the ribs, especially on the chambered part of the shell, are not so deeply
cleft or so strongly deflected forward on the lower part of the flanks, and because:
the cross-section of the body-chamber is more depressed and the lower part of
the shell belonging to the flanks much broader.

Signs of a slight injury. are visible at one place on the body-chamber which
overlaps the preceding volution to a greater extent on one side than on the other;
hence the specimen has a somewhat pathological character. Tt is, however, not
possible to ascertain to what extent its characters have thereby been altered. We
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have therefore refrained from creating a new name, though the specimen probably
does actually represent a new species. Future discoveries may allow us to
characterise more completely this interesting form which evidently bears a close
relation to one of the species from the Jurassics of Kachh.

Locality—Between Ting Jung La and Chhota Hoti.

C.—AULACOSPHINCTES, nov. subgenus.

The new subgenus here proposed corresponds essentially to the group of the
so-called “ Perisphinctes with ventral furrow,” though it is characterised not
merely by the ventral furrow alone, but by a whole series of distinct peculiarities.

Most of the members of this group are characterised by a very wide umbilicus,
a slow rate of increase and low, rounded, subquadrate, or oblong very slightly
overlapping volutions. The sculpture consists of dichotomous or simple, more
rarely of virgatotomous ribs which are disposed radially or only slightly deflected
forward and often deeply cleft. In many forms the ribs are sharp and promi-
nent; but there also occur genuine representatives of this subgenus in which the
ribs are finer and crowded; sometimes they may be indeed so much reduced
as to become quite threadlike, for instance in Perisphinctes linoptychus n. sp.,
Perisphinctes striolatus Steuer and Perisphinctes striolatissimus Steuer. In
many forms the external or ventral furrow is broad, deep, and clearly defined.
The rib terminations on either side of the furrow may even develop into
slight swellings. In other species, on the other hand, the ventral furrow is
shallower and rather narrow, but in every case it is sharply marked off from
the ribs. As is well knotwn, its development is restricted to the chambered
nucleus, and does not extend to the body-chamber. The furrow is deepest and
broadest on the inner volutions and gradually decreases in sharpness with increas-
ing growth; in many forms it has already disappeared before the development of
the final body-chamber. The stage at which it finally disappears differs in
different species or even amongst individuals of the same species.

The appearance of the shell alters very little during its gradual ontogenetic
development; the only important change is the gradual obliteration of the furrow
and, in some species, an increase in the frequency of trichotomous ribs.

The suture is only moderately ramified and is distinguished by the great
length of the external lobe and the great breadth of lobes and saddles. The
second lateral lobe and the first auxiliary lobe are, as a rule, short, the second and
third auxiliary lobes are frequently united into a small, bifid, and moderately
retrograde umbilical lobe.

Owing to the characters above alluded to, that is the simplicity of the orna-
mentation, the frequency of entire ribs, the occurrence of a ventral furrow, the
slow rate of increase, the low volutions and the characteristic suture-line, the
fossils here alluded to are so intimately connected together and generally so
sharply separated from all allied forms that their association into a distinct sub-
genus is perfectly justified.
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As the typical group we may take the forms connected with Perisphinctes
Morikeanus Oppel. These forms have a very simple suture-line, a very wide
umbilicus, numerous simple ribs and a distinct ventral furrow. This group
includes the following species in the Spiti Fauna :—

Perisphinctes (Aulacosphinctes) Morikeanus Oppel.

> ’s spitiensis 0. sp.

" » rareplicatus n. sp.
” ’ Hollandi n. sp.

” ’ natricoides n. sp.
”» iy La Touchet n. sp.
” ” pachygyrus n. sp.
” ’ linoptychus n. sp.
” > Mayeri n. sp.

Yy ” n. sp. aff. striolatus, Steuer sp.
’y 'y Kossmati n. sp.

s ' tibetanus n. sp.

”» vy ophidoides n. sp.

” . parvulus n. sp.

’e 'y pseudocolubrinus Kilian.
n. sp. aff. Loriol? Zittel.

1 b

In addition to these we have to add a second group in which simple ribs are
rarer, the volutions widen out more rapidly, the lobes are somewhat more profusely
ramified, the auxiliary lobes are more clearly differentiated, and the ventral furrow
disappears at a very early agc or is scarcely developed. The body-chamber and
oral margin are known only in two species of this group, namely Per. torquatus
and Per. montanus n. sp. In both these species the body-chamber occupies only
three- fourths of the last volution and the oral margin is somewhat expanded. The
mouth carries lateral lappets which are short and rounded in Per. torquatus, while
they are borne on elongated stems in the case of Per. montanus. This group
includes the following species :—

Perisphinctes (Aulacosphinctes) torquatus Sowerby (non Waagen).
subtorquatus n. sp.
infundibulum n. sp.

Smith Woodwardi n. sp.

3 b4
y %)
’ ”
. . Willist n. sp.
hundesianus n. sp.

cf. adelus Gemmellaro.

chidamensis n. sp.

IX) ”
'3 s

3y »

., ’ sparsicosta n, Sp.

There is no escaping from the fact that the definiteness of the subgenus is
greatly obscured by the inclusion of the above-mentioned species, and it would
possibly be preferable to create for them a separate subgenus. Nevertheless some
of them approximate very closely to the typical representatives of the subgenus
Aularosphinctes . for instance Per. torquatus is very closely related to Per.
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pseudocolubrinus, and Per. hundesianus to Per. tibetanus. Moreover, there
certain peculiarities gommon to both groups, and they may be therefore united
least provisi
- subg nus A4 ulacosphin.tes ha . w.de w.ouliwweeon hiit ic only __pr.s nted
by fossils of rare occurrence. In Europe it includes, first, the numerous forms
which various authors (Quenstedt, Zittel, Fontannes, Choffat, Herbich, E. Favre,
de Loriol, Kilian, Toucas, de Riaz) have described under the name of A mmonites
colubrinus Rein., and which are nearly all specifically different. Other members-
of the same subgenus are Perisphinctes cimbricus Neum., Per. senez Oppel, Per.
transitorius Oppel, Per. eudichotomus Oppel, Per. fraudator Oppel, Per.
Witteanus Herbich (non Oppel), Per. pretransitorius Font. There are also,.
amongst European fossils, many forms related to those of the Torgquatus group..
Various Extra-Alpine forms described under the names of Per. Bleicheri and Per.
Boidini Lor. possibly belong to the Torquatus group. The connection is much
closer in the case of certain Alpine-Carpathian forms, such as P. Lorioli Zittel,
Per. adelus Gemm. and Per. serranus Canavari. One of the Indian species is-
perhaps identical with Perisphinctes adelus.

A surprisingly rich harvest of A ulacosphinctes was gathered by Steuer from
South America, namely :—

Pervsphinctes (Aulacosphinctesy Pavlowe Steuer sp.

. ' proximus Steuer sp.

" s man gaensis Steuer sp.

. - cf. stephanoides Steuer sp. (non Oppel).
,. . striolatus Steuer sp.

. . striolatissimus Steuer sp.

., . transitorius (Opp.) Steuer sp.

" . colubrinus (Rein.) Steuer.!

Tn addition to these we must mention several forms from Argentina, Chili,
and Bolivia which have been described by Meyen®, K. Burckhardt®, and K.
Gottsche!, namely : A mmonites biplex Meyen (=Aulacosphinctes sp. n.), Peris-
phinctes (dulacosphinctes) aff. pseudocolubrinus (Kil.) Burckhardt, Per. aff.
transitorins (Oppel) Burckhardt, Per. colubrinoides Burckh.; further Per. (A ula-
cosphinctes) Lorentzi Gottsche, Per. sp. and Per. (Aulacosphinctes) caracolensis
n. sp.’ ’

In order to complete the enumeration of the members of the present sub-
genus, we should also mention several species from amongst the Kachh fauna,

1 Steuer described the majority of these species under the generic name of Reineckia. Nevertheless, on closer examina-
tiou it is found that these species cannot be classified with Reineckia, but must be regarded as a branch of the genus Per/s--
Phinctes, the development of which has proceeded a.long. ind‘ependent lines.

2 Bemerkungen iiber die Identitit der Flatzformation in der alten und neuen Welt. Verhandl. d. kais. Leopoldinischen
Carolinischen Akademie der Naturforscher, 1835, XVII1, part 2, p. 654, pl. 47, figs. 1, 2.

3 ica, Vol. 50.

4 ?:mlﬁm\ﬁz:tcinemngeu aus der argentinischen Cordillere.  Palaeontographica, Swpplementband, III, Conssel-
178, ; - - §

5 This species has been designated by Gottsche Simoceras Doublieri d Orb.. (loc. eit. p. 43, pl. VIII, fig. 6), but is not
identical with this fossil. Instead of the narrow deep furrow, of the South flmencun fossil, Simoceras has a smooth ventral
band ; moreover the ornanentation and shape of the shell of Gottsche’s species agree thoroughly with those of dulacosphinctes .
I have, therefore, taken the liberty to rename the species Aulacosphinctes caracolensis,

F
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namely, Perisphinctes eudichotomus (Zittel) Waagen, Per. occultefurcatus
Waagen, Per. Bleicheri Waagen (non Loriol) from the Umia Beds, and perhaps
‘also Per. alterneplicatus Waagen from the Katrol Sandstone.

The above enquiry into the distribution of the sub-génus Aulacosphinctes
principally indicates that its main development coincided with the Tithonian.
The more differentiated forms with a deep furrow bordered by slight swellings of
‘the rib-terminations occur chiefly in the Upper Tithonian (Horizon of Stramberg),
whilst the species belonging to the group of Per. colubrinus and Per. adelus
.already appear in the Kimeridgian. In the light of the present state of informa-
tion it does not seem that this subgenus existed in Oxfordian times'; the earliest
instance of a species which possibly may be classified with this genus is that of
Per. indogermanus Waagen® in the passage beds from Oxfordian to Sequanian
.constituting the Dhosa oolite of Kachh.

Our present knowledge of the geographical distribution of the subgenus
Aulacosphinctes is still rather incomplete. It is evident that this subgenus is
widely distributed over the Indian, Pacific, and Mediterranean Provinces where
it can be regarded as indigenous. Colubrinus-types are also found in the south-
ern districts of Neumayr’s “ Middle European Province ”, but tkey are much
rarer in the northern parts. They are practically absent from the Russian
Zoological province. It is true that certain forms of Perisphinctes with very
simple ribs and primitive suture such as Per. Pallasi d’Orb. (= biplex auct. angl.),
‘are met with in this area, but they lack the ventral furrow and are not closely
related to Aulacosphinctes. Even the Rjazan Horizon does not contain any
forms related to this group.

The relations of the present group to the remaining species of Perisphinctes
-and the significance of the ventral furrow have been ably discussed especially by
M Neumayr’. This naturalist, whose acquaintance with the Cephalopoda was
s0 intimate and extensive, saw in the ventral furrow a contrivance connected with
the position of the siphon and serving for its protection. He further supposed
that this character had been independently acquired by the different branches of
the genus Perisphinctes. As a matter of fact several branches of the genus Peris-
phinctes evince a tendency towards a reduction of the ornamentation on the ex-
ternal margin; such is the case for instance in the group of Per.. hospes and Per.
Balderus (Idoceras n. gen. Burckhardt), in Grossouvria, Paraboliceras, Ataziceras
and others; but in those cases we have to deal with a gradual obscuration of the
ribs and not with a sharp deep furrow whose formation may even proc.eed simul-
taneously with a slight swelling of the ribs. So far as we know, a genuine furrow

is only observed in the subgenus Aulacosphinctes which so many other characters

isolate as a well marked natural group. .

R ~

1The forms from the Transversarius Zone of Trept, which de Riaz figured under the name of Pe‘r. cf. colubrinus
-certainly do not belong to the present group.

2 Loc. eit. pl. XLVIII, fig. 4, non XLVII, tig. 1, p. 185. _ ) %

3 Fauna der Acanthicuszore, .10k, geol. Reichsanstalt, V, p. 172.  Zeitschrift der deutsch geol Gesellschaft, 1875
Pp. 926,
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‘ Neumfxyr traces the origin of this subgenus to.Perisphinctes cimbricus. It
15 unquestionable that this species together with Per. colubrinus' are geOlOgicauY '
the oldest forms belonging to the present group. Even if we trace its descent as-
far back as Per. indogermanus, the Aulacosphinctes group, compared with the

Grossquvria branch, appears as a Perisphinctes branch of late origin and rapid
evolution, but of short duration.

Unfortunately our knowledge of the geologically oldest forms of A ulacos-
phinctes is very deficient, so that we are unable to arrive at any definite conclu-
sions regarding the exact ancestry and derivation of the present subgenus. - We-
might be justified in conjecturing that it had a polyphyletic origin in so far as.
the typical group of 4ulacosphinctes Morikeanus did not perhaps originate from
the same stock as the aberrant group of A ulacosphinctes torquatus. To go beyond
this in the assumption of different radicals appears to be superfluous, since both
groups separately considered, constitute well circumscribed units.

The ultimate ancestry of the typical group of 4. Moirikeanus still remains
doubtful, owing to the abrupt appearance of its oldest representatives, namely
Perisphinctes indogérmanus, Per. cimbricus, and Per. colubrinus. The group of
Aulacosphinctes torquatus appears to bear certain relations to the subgenus Vir-
gatosphinctes, especially to Viry. incertus. New discoveries may perhaps reveal
a connection between the two. The mere existence of ™ virgatotomous ” ribs can-
not be accepted as a decisive factor, for we meet with this type of ornamentation
among members of the typical JMorikeanus-group. This fact may be brought
forward as evidence for the correctness of the contention already advanced when
discussing the subgenus Virgatosphinctes, that * virgatotomy " may be developed
independently in various branches of the genus Perisphinctes taken in its wider
sense. The forms with distinctly virgatotomous rib-branching are all from the
higher strata of the Upper J urassic. In strata older than the Oxfordian there
do not appear to be any Perisphinctes-forms with genuine and distinct virgatoto-
mous ornamentation. So far as we know, most of the species of A ulacosphinctes
appear to die out in the Tithonian. The only forms that appear to have under-
gone any further evolution are those like A ulacosphinctes transitorius and Aula-
cosphinctes eudichotomus which may be safely regarded as the radicals of the
perisphinctoid Hoplites (Berriasella and Blanfordia) and of the Neocomian Hop-
lites as has already been explained in our discussion of the genus Hoplites®.

Owing to the occurrence of swellings of the rib-terminations on the external
margin one might feel inclined to include 4. Morikeanus and its nearest allies in
the group of the primitive perisphinctoid Hoplites. But this is not admissible
because, in the case of the perisphinctoid species of Hoplites not only are the

-=§wellings of the rib-terminations much more strongly developed, bu.t the ribs are
more*strongly curved and the auxiliary lobes more reduced than is the case in

1 Quenstedt, Ammoniten des schwibischen Jurss III, pl. 101, p. 927. .
2 See also: Einige Bemerkungen fiber die Gattung Hoplites Neumayr, Sitrungsberichte der kais. Akademie der

Wiss:machaften, Math.- Nat. Klasse, vol. 114, 1905, p. 599.
F 2



-3580 HIMALAYAN FOSSILS.

Aulacosphinctes Morikeanus. In this respect the group of Aulacosphinctes is
closely connected with Perisphinctes proper. '

PERISPHINCTES (AULACOSPHINCTES) MORIKEANUS, Oppel sp.

(Plate XXXIII, fig. 2 a—c; Plate XXXVIII, fig. 6 a, b.)

Ammonites Hormk-anus, Oppel; Palacontologische Mitteilungen, 1864, 1, p. 281, pl. 80, fiz. 2 a, J.
Ammoniles Parkinsont Stoliczk p. p., Mem. Geol. Survey of India, Calcutta, 1866, V, p. 98,

Oppel’s Plate XXXIII, Plate XXXVII],
specimen. fig. 2. fig. 6.
Dimensions :—
Diameter (approximately) . 45 mm. 61 nmm. 38 mm.
Width of umbilicas . . . 23 . 292 8
Height of volution . . .12, 18 . 95 ..
Maximum thickness . . 1 175 ,,

Oppel described 4 mmonites Morikeanus as a small species with wide umbili-
-cus, with partly simple, partly bifurcate ribs, an evenly oval cross-section, arched
flanks and a rounded umbilical wall.

He further assumed that his specimen was completely preserved up to the
vicinity of the oral aperture. This assumption is not borne out by a closer study
of the actual specimen. It is more probable that the specimen is not full-grown,
but consists only of the inner volutions.of a large shell. It is on this supposition
that we have referred to Perisphinctes Morifeanus the specimen illustrated in pl.
XXXIIT, fig. 2 a—c. If this be so, Perisphinctes Morikeanus is one of the species
in which isolated virgatotomous ribs make their appearance with increasing
growth. The anterior branch-rib of the virgatotomous bundles originates at a
remarkably low level, almost on the umbilical wall. A rib-bundle of this Rind is
-already noticeable at the anterior end of Oppel’s specimen. The external margin
is deeply grooved. The rib terminations on either side of the external furrow are
slightly thickened. The last volution of the larger specimen carries three moder-
-ately deep constrictions.

The suture is not preserved.

We have referred four specimens to Perisphinctes Morikeanus, in one of
which (plate XXXVIII, fig. 6) the ribs are somewhat more crowded : on the lower
part of the last volution there are 35 ribs, while in Oppel’s specimen there are
-only 30.

Oppel compared A4mmonites Morikeanus with A mmonites Parkinsoni and
A mmonites Eugent. Stoliczka went so far even as to unite all these species with
Amm. Parkinsoni. At the present day it is superfluous to comment on the incor-
rectness of such a procedure. Amm. Morikeanus is not closely related either
with Amm. Eugeni or Amm. Parkinsoni. There are safer grounds for a compari-
son with Amm. Wallichi which was also united with dmm. Parkinsoni by Sto.
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liczka. The impracticability of classifying this species with Blanfordia or
Berriasella has already been emphasized in the Introduction to the genus.

The differences between Ammonites Miorikeanus and other allied Indian
species will be discussed under their respective headings. Among the European
species we may mention Perisphinctes eudichotomus Zittel as probably its near-
est ally; but the latter species differs by its narrower umbilicus, thicker volutions,
.quicker rate of increase, much denser costation (50-60 ribs on the last whorl) and
the absence of virgatotomous ribs; there is no possible confusion therefore with
Amm. Morikeanus.

Adulacosphinctes prozimus Stever sp. (Reineckia prozima Steuer) from Ar-
-gentina is distinguished by somewhat more strongly rounded flanks, greater thick-
ness, quicker rate of increase, and the absence of trichotomous ribs. Perisphinc-
tes Fallot: Kilian, a species with a shallow external furrow and isolated tricho-
tomous ribs is somewhat more distantly related. Perisph. Falloti has a much
narrower umbilicus, higher volutions and more crowded ribs, and cannot therefore
be confounded with Perisph. Morikeanus.

Oppel’s specimen is from Ki in Spiti, while of the two specimens figured here
-one is from Jandu, Sherik river (Coll. Griesbach) and the other from Giewmal.
There 1s a fourth specimen from Kuti, Byans.

- '

/ ;

¢ PERISPHINCTES (\ULACOSPHINCTES) SPITTENSIS, n. Sp.
/

! (Plate XXXIII, figs. 1 a—¢, 3 a—e¢, Plate XLI, fig. 1 a—¢)

Dimensions :—
Plate XLI, Plate XXXIII,
fig. 1. fig. 1.
Diameter ] A . . . 74 mm. 67 wmm.
Width of umbilicus . . . - L 2,
Height of volution . . .2 » 193
.22 ’s 215 ,,

Maximum thickness .

The umbilicus is rather wide. The thickness of the cross-section only very
slightly exceeds its height. The whorls overlap by one-third of their height. The
external margin is deeply furrowed, the umbilical wall is rounded and steeply
declivous. The flanks are slightly arched, somewhat complanate towards the ex-
ternal margin and mutually converging.

On the innermost volutions the ornamentation consists of fine, densely crow-
ded ribs, strongly deflected forward. When however the diameter has increased
t0 no more than 8 to 10 mm., the ribs recede from each other and become some-
what less deflected. At the middle stages of growth there are 41 to 44 ribs per
volution. On the inner whorls the ribs are partly simple, partly bifurcate; at a
sbsequent stage, isolated trifid * virgatotomous ” ribs become intercalated
amongst the dichotomons ones, while finally some of them bear even four branches.
In the caswe of the trichotomous ribs the anterior secondary rib branches off at
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about half-way up the flanks or even lower, while the posterior rib is given ofl’
above the level of the middle zone. On the anterior portion of the last volution
of the largest-sized specimen (plate XLI, fig. 1) the ribs become flatter at half the-
volution height and the connection between main-rib and secondary ribs becomes.
indistinct.  On the external margin, the ribs are interrupted by a deep furrow.
The last volution bears on an average three rather deep constrictions.

The suture is moderately ramified, with rather broad trunks to the lobes and
broad sellar phylla. The external lobe is somewhat longer than the first lateral
lobe; the latter is subsymmetrically ramified, the external lateral main branch
originating at a somewhat lower level than the inner one. The second lateral
lobe is much shorter than the first and disposed slightly obliquely. The three
auxiliary lobes are only slightly retrograde; they are situated at a somewhat lower-
level than the apex of the second lateral lobe, but somewhat higher than the apex
of the inner lateral branch of the first lateral lobe. The first auxiliary lobe is

only slightly smaller than the second lateral lobe. The septa follow each other at
wide intervals.

The largest-sized specimen, figured on plate XLI, fig. 1, is entirely chambered.
In both the smaller specimens (pl. XXXIII, figs. 1 and 3), on the other hand, the
anterior portion of the last volution seems already to belong to the body-chamber..
The oral margin is unknown.

The figured specimens agree very well with each other as regards their shape
and ornamentation. The specimen represented in fig. 3, pl. XXXIII, is some-
what less copiously ribbed than the other two.

The specimen, fig. 1, Pl. XXXIII, was referred to Amm. Parkinsoni by Sto-
liczka. Perisphinctes spitiensis is closely related to Per. Morikeanus, from which
it is distinguished merely by its more crowded and less deeply cleft ribs and by
the greater thickness and more pronounced overlap of the volutions.

The specimen pl. XLI, fig. 1 is from Jandu, Sherik River, Hundes (Coll.
Griesbach); the specimen pl. XXXIIT, fig. 1 is from Gieumal, the specimen pl.
XXXIII, fig. 3 was found near Chidamu (Coll. Diener). In addition to the:
figured specimens there is also a smaller specimen from Jandu, Sherik River.

PERISPHINCTES (AULACOSPHINCTES) RAREPLICATUS, N. SP.
(Plate XXXII, fig. 2 a, b.)

The distinctive feature of the present species comsists in its exceedingly
sharp, prominent and wide-spaced ribs, the number (?f W.hiCh amounts to 23 on.
one of the inper volutions. Their number per volution increases slightly with
incrcasing growth, though they still remain .w1der-spa,(':ed than in any other
species of this group. On the innermost \-rolutlons the ribs are ‘rather strongly
deflected forward, but the degree of deflection soon decreases rapidly, so that the-
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ibg assume 2 radial .direction. Up to a diameter of 50 mm. the ribs are mostly
iobotomous, thgre being but one isolated trichotomous rib. It is only on the last
Jution. belonging to the body.—Chamber, that the dichotomous ribs become asso-
ated also with trichotomous ribs of the virgatotomous type, in which the lower
ranching-point occurs at or even below the middle-zone of the volution. On the
«cond half of the last volution there are 10 dichotomous and 7 trichotomous ribs.
yo the external margin the ribs are interrupted by a deep furrow intersecting
hem at right angles. '

The thickness of the volutions greatly exceeds their height; they have convex
anks, a depressed external margin and a rounded and steeply sloping umbilical
rall. On the body-chamber the external region of which is unfortunately miss-
ng, the cross-section tapers more decidedly outward and consequently assumes a
lunt wedge shape.

The dimensions can only be measured in the inner volutions, and are recorded
n the following table :—

Approximate diameter . . . . . 51 mm, 31 mm.
Width of umbilicus . . . . . . .27 ’ 158 ,,
Height of volution . . . . . . .12 » 85 ,,
Thickness of volution . . . . . . 18 ,, 12 »

Owing to the unsatisfactory state of preservation of the suture, all that can
e made out is that the auxiliary lobes are feebly developed and slightly retro-
rade. The degree of ramification is only moderate and the septa are distributed
it wide intervals.

Perisphinctes rareplicatus is distinguished from Perisph. spitiensis by its
ess overlapping, thicker, and lower volutions, its sharper and less numerous ribs
id its wider umbilicus; from Perisph. Hollandi by its less numerous and less
igmoidally curved ribs, the more frequent development of virgatotomous ribs on
he last volution, the taller cross-section, the more strongly flattened flanks and its
teeper umbilical wall.

The wide-spaced ribs vividly recall Aulacosphinctes cf. stephanoides (Oppel)
Meuer sp. (non 4 mmonites stephanoides Oppel) from the Argentine. The ribs
f the Argentinian species are less deeply cleft and are mostly dichotomous; it is
Yossible however, that with more abundant material the two forms might prove to
® specifically identical.

Perisphinctes rareplicatus is represented by a single specimen. Locality—
Yorth of Ting Jung La (Pass), Hundes (Coll. Griesbach).

PERISPHINCTES (AULACOSPHINCTES) HOLLANDI, n. sp.

' (Plate XXXTT, fig. 1 a—d; Plate XLII, fig. 3 , b.)

Dimensiong - —
Diameter ) ) . ; . . . . e . . . . . 89 mm.
Width of umbilicus . . . ] ) . ) . . . . . . 46
Height of volution . . . . . . . . . . . . .,

Thickness o! volutisn . . . o R . . . . . . . BR "
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The innermost volutions of the present species with their rather wide-spm
sharp. bifurcate ribs bear a considerable resemblance to those of Perisphinctes
rareplicatus.  But even at this stage the number of ribs is somewhat greater than
in Per. rareplicatus (25 :22) and the volutions narrower. With increasing age
the differences become gradually more pronounced : The ribs become much more-
numerous (50 on the last volution), less prominent, more decidedly deflected for-
ward and. at the same time, assume a slight curvature. Moreover, they are as a
rule simply bifurcate, and only exceptionally virgatotomous. The branching-points
of the ribs on the last volution are situated half-way up the flanks. The external
furrow is rather deep and broad. The volutions overlap by about one-fourth of
their height and have a rounded-trapezoid cross-section, this shape becoming
especially pronounced on the last volution. The maximum thickness lies in the
vicinity of the steeply declivous, and at the same time rounded umbilical wall;
the flanks are slightly flattened and converge towards the strongly flattened exter-
nal margin. The cross-section of the inner volutions is more rounded than that
of the body whorl, with the thickness greatly in excess of the height. With in-
creasing growth the height increases at a faster rate than thke thickness, so that
at the end of the chambered nucleus the thickness only very slightly exceeds the
height.

The external lobe is longer than the first lateral lobe. The latter has a fairly
long and broad trunk and subsymmetrically arranged lateral branches. The:
second lateral lobe is obliquely disposed and only slightly longer than the first
auxiliary lobe. The first auxiliary lobe and the umbilical lobe subdivided into
three small branches do not reach as far down as the apex of the first lateral lobe.
The external saddle is very broad, the first lateral saddle rather narrow and placed
somewhat higher than the external saddle. The antisiphonal lobe is nearly as
long as the first lateral lobe and subsymmetrically ramified.

The specimen is almost entirely chambered to its end; the body-chamber is
unknown.

The most important diagnostic characters which distinguish the present spe-
cies from Perisphinctes rareplicatus have already been pointed out; in addition
to the divergence in the ornamentation, the differences in the cross-section would
suffice to prevent any pessible confusion. The rare occurrence of virgatotomous
ribs and the trapezoidal cross-section distinguish Perisphinctes Hollandi from the
other larger-sized species belonging to the same group. Amongst the species from
Argentina described by Steuer dulacosphinctes Pavlowi Steuer sp. exhibits a
certain resemblance to the present species, but it differs by its more rounded and
relatively taller cross-section and by the great number of undivided ribs,

Perisphinctes Hollandi n. sp. 1s represented by a single specimen from north
of Ting Jung La (Pass), Hundes (Coll. Griesbach).

Together with Perisphinctes Hollandi we may provisionally connect under
the name of Perisphinctes cf. Hollandi, the specimen figured on plate XLII, fig.
3 a, h. With respect to the number and character of the ribs and the form of the
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shell this specimen does not differ essentially from the type of Per. Hollandti.
But it carries deep constrictions (four on the last volution), and it is considerably
smaller, since the body-chamber is already developed at a diameter of only 50
mm.; the body-chamber is unfortunately only partially preserved. The suture
seems to be less copiously ramified, but this difference may be due merely to the
smaller size of the specimen combined with its rather bad state of preservation.
Much more abundant material will be needed before we were able to decide whe-
ther this is a form really distinct from Perisphinctes Hollandi. The specimen
in question is from Jandu, Sherik River, Hundes (Coll. Griesbach).

PERISPHINCTES (AULACOSPHINCTES) NATRICOIDES, N SP.

(Plate XXXII, fig. 3 a, b; Plate XLI, fig. 2 a—c¢.)

Dimensions :—
Diameter . . . . . . 65 mm. 49 mm.
Width of umbilicus . . . . . . 35 'y 24 »
Maximum thickness . . . . . . 195 1773 ,,
Height of volution . . . . . .17 ve 15 .

This species is represented by two specimens. The characters have been
chiefly established on the larger one whose last volution carries about 62 ribs
which are rather thin, slightly deflected forward, and about half of which are
bifurcate while the remainder remain simple. The point of bifurcation lies close
to the external margin and is slightly swollen. Across the external margin the
ribs are intersected at right angles by a shallow groove which becomes somewhat
obscured on the anterior part of the shell.

The umbilicus is very wide; the thickness of the volutions exceeds their height
and the external margin exhibits an abnormal breadth and shallow curvature,
while the flanks are complanate and the umbilical wall rounded. The flanks are
clearly marked off from the external margin, and, in the vicinity of the umbilical
suture, the cross-section is only slightly broader than in the upper region where
the flanks merge into the external margin. The specimen is chambered up to its
extremity, but the suture is not distinctly preserved.

The ornamentation of the smaller specimen is similar to that of the larger
one; only the ribs are somewhat more deflected and are perhaps somewhat more
prominent and sharper. Moreover, the umbilicus is somewhat narrower. The
shape of the cross-section is similar except that the maximum thickness is shifted
somewhat higher up and coincides with the junction of the flanks and external
margin. The ventral furrow is practically obsolete on the last volution, a differ-
ence possibly due to the fact that the last volution belongs to the body-chamber.

It might be that the second specimen represents an independent species; but
owing to the scantiness of available material, this point cannot be definitely

G
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settled. In any case, as we cannot satisfactorily characterize this species, it is pre-
Ierable to unite it provisionally with Perisphinctes natricoides.

Perisphinctes natricoides differs from Perisphinctes ophidoides owing to Fhe
greater width of the umbilicus, the greater number of the ribs, the higher position
of their branching-points, the greater thickness of the volutions, the more pro-
nounced flattening and greater breadth of the external margin, and the sh-arpe.r
boundary hetween the flanks and external margin. The characters in which it
differs from Perisph. tibetanus and Perisph. Perrin-Smithi are referred to in the
description of those two species.

The large-sized specimen is from Chidamu, the smaller one from Shalshal
(Coll. Diener).

2

/,-

/

PERISPHINCTES (AvuLacosPHINCTES) La TOUCHEI n. sp.

(Plate XLI, fig. 4 a—c.)

Dimensions -—
Diameter . . . ] . . . . . . 54 mm.
Width of umbilicus . . . ; . . . . . . . 262
Height of volution . . . . . . . . . . .18,
Maximum thickness . . ; . . . . ) . . 175

bR

The species has been established from a single specimen which is entirely
chambered. The shell is only slightly involute. The flanks are slightly arched
and the umbilical wall is rounded and moderately declivous. The external mar-
gin is rather narrow; the upper parts of the flanks are somewhat flattened and
converge towards the external margin. The last volution bears 36 long ribs five
of which remain undivided, while the remainder bifurcate at half the height of
the flanks or a little higher. On the external margin, on either side of the deep
ventral furrow, the ribs constitute slight ridge-like swellings, and are occasionally
somewhat deflected forward. One isolated trichotomous rib-fascicle occurs. In
some of the bifurcate ribs the two branches keep very close together, and it may
even happen that a bifurcate rib on one side of the shell corresponds with a simple
one on the opposite side.

The sutures are not distinctly preserved.

The species described above is distinguished from Perisphinctes ophidoides
hy its slightly wedge-shaped cross-section, its narrower external margin, and its
less numerous and less regular ribs; it differs from Per. pachygyrus by its narrower
and more depressed cross-section, its shallower constrictions, its less deeply cleft
and less deflected ribs; from Perisphinctes Pavlowt Steuer sp. (Reineckia Par-
low:1) it is distinguished by its greater thickness, its trapezoidal cross-section. its
narrower umbilicus, its more strongly deflected ribs and the small number of un-
divided ribs; from Per. prozimus Steuer sp. (Reineckia proxima Steuer) it is
di-tingnished by its thicker and lower volutions and its narrower umbilicus. Per-
1sphinctes Lorentzi Gottsche is very closely related to the present species as far as
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its dimensions are concerned, but it is distinguished by the earlier disappearance
of the ventral furrow, the frequent occurrence of trichotomous ribs and the uni-
formly rounded cross-section.

Perisphinctes La Touchei is from Chidamu (Coll. Diener).

7
o
7/ PERISPHINCTES (AULACOSPHINCTES) PACHYGYRUS, N. SP.
/
/
(Plate XLI, fig. 3 a—c.)
Dimensions :—
Diameter . . . . . . . . . . . 60 mm.
Width of umbilicus . . . . . . . . . . 308 ,,
Height of volution . . . . . . . . . 16
Maximum thickness . . . . . . . . . 23

»

This species is very closely related to Perisphinctes La Touchet, from which
it differs owing to its relatively thicker volutions, the form of its cross-section,
and the more crowded costation. The maximum thickness of the volutions is
situated close to the rounded, steeply declivous and tall umbilical wall. The volu-
tions are strongly convex at the lower part of their flanks, and slightly flattened
towards the external face, while in the case of P. La Touchei the greatest thickness
lies closer to the middle of the flanks, the umbilical wall is lower and less decli-
vous, and the upper part of the flanks less flattened. In Perisph. La Touchei the
last volution bears 36 long ribs, while there are 45 in the present species. More-
over the ribs of the present species are more deeply cleft, their forward deflection
is more pronounced, and they are more strongly developed on the lower part of
the flanks than in Perisph. La Touchei. Finally, the constrictions are more nume-
rous and deeper. The ventral furrow is deep and rather broad, and bordered by
the slight swellings of the rib-terminations.

The specimen is entirely chambered. The suture is only imperfectly pre-
served, the sellar phylla and lobe trunks are broad and only feebly ramified. The
external lobe is longer than the first lateral lobe. The two main lateral branches
of the latter are rather feebly developed, the other lateral branches being reduced
to short blunt serrations. The second lateral lobe and the auxiliary lobes are not
developed. The septa are spaced at wide intervals.

Locality—North of Ting Jung La (Coll. Griesbach).

o o PERISPHINCTES (AULACOSPHINCTES) LINOPTYCHUS, n. Sp.
(Plate XLII, fig. 4 a—c.)
Dimensions :—-
Diameter . . . . . . . . . . . . . . . 45 .
Width of umbilicus . . . . . . . . . . . . ] . 21 .
Height of volution . . . . . . e .. .. 138,
Maximum thickness . . . . . . . . . . . . . 139

133
G2
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The crowded ribs are narrow, and, at the same time, prominent and sharp.
Their number on the last volution of the figured specimen amounts to 53. Most
of them bifurcate at half the volution-height, the others remaining undivided.
On the external margin they are interrupted by a narrow groove intersecting
them at right angles and becoming gradually fainter on approaching the anterior
end of the body-chamber.

The volutions overlap by about one-fourth of their height; they have slightly
arched flanks and a rounded moderately steep umbilical wall. The external mar-
gin is slightly flattened. The height and thickness of the cross-section are equal;
its shape is roundish-quadrate.

The sutures are only incompletely preserved, but the position of the last sep-
tum 1s, nevertheless, visible as is also the lowest portion of the final oral aperture
in the shape of a deep, anterioriy deflected constriction (unfortunately cverlooked
by the artist). It is thus possible to ascertain that the last volution corresponds
almost entirely with the body-chamber. The width and the pronounced deflection
of the oral constriction indicate that it must represent the final oral aperture and
that Perisphinctes linoptychus is a species of small size.

In addition to the figured specimen, the collections include three more none of
which entirely agrees with the type. One has its ribs more densely crowded, a
second one has proportionately higher volutions and a more rapid rate of increase,
the third one is somewhat thicker. All these specimens are of small size with
preserved body-chamber.

Perisphinctes linoptychus is distinguished from all other species of the Spiti
Shales owing to its fine and close costation and its comparatively small thickness.
Amongst, European species the closest allied are Perisphinctes eudichotomus and
Per. transitorius. Both have relatively higher volutions and fewer undivided
ribs; moreover in Per. eudichotomus the ribs are somewhat wider-spaced while
Per. transitorius is larger, more involute, and has a narrower umbilicus. Peris-
phinctes striatulus (Reineckia striatula Steuer) from the Argentine deviates by
its narrower umbilicus, comparatively taller volutions, and more crowded ribs.

The figured specimen is labelled : “ On horizon of Laptel shales, N. Kumaon.”
The other localities are Sirkia, South Hundes, Shalshal (Middle Spiti Shales).

3\
/ PERISPHINCTES (AULACOSPHINCTES) MAYERI, n. SD.
/ (Plate XCII, fig. 2 a—c¢.)
Dimensions :—
Diameter . . . . . . . . . . . . . . . 87 mm.
Width of umbilicus . . . . ; . . . ; ) ) . . . 40 .,
Height of volution . . . . . . . . . . ] . i . 285
Maximum thickness . . . . . . . . . . . . . 322

The shell is discoidal and rather flat. It conmsists of six volutions. which
overlap one another by about one-third of their height. The umbilicus is rather
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wide. The cross-section of the volutions is rounded; the thickness somewhat
exceeds the height, the maximum thickness coinciding with the lower part cf
the flanks. The umbilical wall is steep and rounded.

The penultimate volution carries 49 main ribs, the last one 61. The inner
volutions and the posterior portion of the body-chamber are ornamented with
bifurcate ribs the branching-points of which are situated above the middle of
the volution. The anterior part of the body-chamber is ornamented principally
with trichotomous ribs which are somewhat more deeply cleft and are slightly
curved. On each of the two last whorls one notices two shallow constrictions.

The suture has not been preserved. At least three-fourths of the last
volution belong to the body-chamber.

The present species shows no trace of a ventral furrow, at least not on the
last two volutions, but in the totality of its features it approximates so closely
to Perisphinctes linoptychus, that notwithstanding the absence of this feature
I have decided to place it in the subgenus A ulacosphinctes. From Perisphinctes
linoptychus it is distinguished by its coarser and fewer ribs, its larger size, the
trichotomous ribs of the body-chamber and the more convex external margin.
The inner volutions also remind us of Perisphinctes torquatus, but they are not
so thick and the ribs are less curved.

A second specimen of smaller size than the figured type has somewhat more
densely crowded ribs and therefore approaches 4 wlacosphinctes linoptychus still
more closely. For this reason the specimen in question is also of interest as it
1s therefore the nearest known ally to A uwlacosphinctes transitorius," the well-
known zone fossil of the Stramberg Horizon. It differs from Aulacosphinctes
transitorius solely on account of its somewhat wider umbilicus, somewhat lower
volutions and the greater number of simple ribs. The presence of slightly curved
trichotomous ribs on the body-chamber of the large specimen of A ulacosphinctes
Mayeri n. sp., constitutes the only reliable specific distinction from A wlacosphinc-
tes transitorius Oppel.

I have named this species in honour of Herr Rudolf Mayer of Vienna, the
eminent artist who has illustrated the present monograph.

The figured specimen is from Shangra in Ngari Khorsum (Coll. Schlagint-
weit, Munich); the smaller specimen is from Jandu, Sherik River, Hundes.

PERISPHINCTES (AULACOSPHINCTES), sp. aff. sTRioLaTUS, Steuer.

Reineckia striolata, Steuer, Argentinische Juraeblagerungen, Paldontolog. Abhandluugen, Vol. VII, Jena, 1897, p. 162,
pl. XIV, figs. 8, 9.

The collections from the Spiti Shales include two small specimens which are

very closely related to the exceedingly fine-ribbed Perisphincies striolatys
Steuer from the Argentinian Jurassics; the only differences are the somewhat

! Zittel, Stramberg, pl. XXII, figs. 1--8. p. 103. Toucas: Bull. Soc. géol. France, 3 dme sér.,

Vol XVII -
ﬁg’o 5, g, | 599, ’ l‘]- X‘ '.
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more rounded and more depressed outline of the cross-section, the slower rate
of increase, and a wider umbilicus. In the case of the larger of the two speci-
mens, which has a diameter of about 33 mm., the ventral furrow is still distinct
on the older portion of the last volution, but becomes gradually obliterated
towards its anterior margin. The ventral furrow of the smaller specimen
becomes obsolete at an earlier stage.

The larger-sized specimen is from Jandu, Sherik River, Hundes (Coll.

Griesbach), the smaller one from Kutj (Upper and Middle Spiti Shales, Coll.
Krafit).

y
7
)

* PERISPHINCTES (AULACOSPHINCTES) KossMATI, n. sp.
/

/ (Plate XXXVTII, fig. 3 a—d.)
Admmonites Braikeuridgei Stoliczka (partim), Mem. Geol. Sure. of India, Vol. V, 186G, p. 106.
Dimensions :—
Diameter } ) . . . ) ) . . 80 mm.
Width of umbilicus . . . . . . . 447 .
Height of volution (approximately) . . . . . . 264 ..
Maximum thickness ( . ) . . . . . 36 ’

The present species is strikingly characterized by its depressed thick volu-
tions and coarse sculpture. The volutions overlap by one-fourth of their height.
Their thickness considerably exceeds their height. The broad external margin
is slightly convex and sharply marked off from the feebly convex flanks. The
umbilical wall is rounded, its declivity moderately steep. The cross-section has
a broad depressed shape; the greatest thickness measured between the ribs lies at
about the middle of the volutions, but at the ribs it shifts to their upper part,
and practically coincides with the branching-points of the ribs.

The last volution carries 40 stout, rounded ribs, slightly deflected forward,
ten of which are undivided, while the remaining 30 bifurcate on the upper part
of the flanks. At the anterior part of the shell the points of bifurcation of the
ribs are slightly swollen. The last volution carries two rather deep constrictions.
On the external margin the ribs are not interrupted and there is a mere trace of
a slight reduction along the median line. The changes occurring during the
ontogenetic development are insignificant. On the inner volutions the ribs are
sharper, and their relative thickness decreases slightly with advancing age.

The suture is not known. ) \

The stout ribs of the last volution and the slight swellings at the points of
bifurcation recall the Alpine-Mediterranean genus Simoceras, particularly
Simoceras agrigentinum. In this genus we meet with an extensive process of
gradual obliteration of the sculpture with increasing growth, while in the Indian
species under discussion there is barely a trace of a narrow ventral furrow and
the ribs gradually increase in stoutness on the external margin. We are dealing
therefore certainly with an Aulacosphinctes and not with a Simoceras.
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At first sight Reineckia Steinmanni might be taken for an allied form, but
in reality this Argentinian species belongs to the genus A canthodiscus.

A ulacosphinctes Kossmati is related to Awlacosphinctes mangaensis Steuer
sp.. and is distinguished from the latter spévies by its much greater thickness and
stouter, less deeply cleft ribs. The great relative thickness of the shell and the
massive ribs with their tendency to become tuberculate clearly differentiate the
present species from all the other Auwlacosphinctes forms of the Spiti Shales.
Among European forms Perisphinctes fraudator Zittel is the nearest ally to the
present species. Both species exhibit the same tendency to develop swellings at
the branching-points of the ribs; Perisph. Kossmati, however, has stouter and

fewer ribs and much thicker and lower volutions and consequently cannot be
united with Perisphinctes fraudator.

Locality —Kibber. One specimen.
/I

4

“ ’
~._ PERISPHINCTES (AULACOSPHINCTES) TIBETANUS, 1. Sp.
AN

i (Plate LXX, figs. 3 a—c, 4 a—c.)
Dimensions :—
Diameter . . 56 mm. 59 mm.
Width of umbilicus . . 26 . 295 .,
Height of volution 165 ,, 175
Maximum thickness . . 21% 23 .

The present species is established on two specimens which do not completely
agree with each other. The ornamentation consists of sharp ribs which
are slightly deflected forward and only slightly curved and which are continuous
across the external margin which they traverse normally. The majority of the
ribs break up into two branches above the middle of the flanks, the others
remaining undivided. The last volution bears 55 main ribs in the smaller speci-
men, 50 in the larger one. The constrictions are sparse and not particularly
deep. The cross-section is somewhat rounded, its thickness generally exceeding
its height; but whilst in the smaller specimen the curvature of the flanks and
umbilical wall is uniform, in the larger specimen the upper part of the flanks. is
slightly complanate, and the umbilical wall is somewhat lower. These differences
in the external form and costation do not appear sufficient to justify a specific
separation of the two specimens. A somewhat more serious difference resides
perhaps in the fact that the body-chamber of the smaller specimen occupies more
than three-quarters of the volution, while in the larger sized specimen it scarcely
occupies three-fourths. It is therefore still possible that we are dealing \Vitil
two distinct species. The discovery of further material must be awaited to
decide this point.

In the larger specimen the body-chamber is preserved close up to the oral

edge. We notice here an expansion of the apertural cross-section similar to that
of Perisaphinctes torqualus.
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The closest ally to the present species is Perisph. Perrin-Smithi. The
distinguishing characters are dealt with under the heading of that species.
Perisph. natricoides differs by its more orthogonal cross-section, its smaller thick-
ness, its complanate flanks, wider umbilicus, slower rate of increase, and the
characters of its ribs which are straighter, less sharp, interrupted on the outer
margin, with the branching-points situated at a higher level. Perisphinctes
mangaensis Steuer sp. is distinguished by its less crowded ribs, which are
interrupted on the outer margin, and by its comparatively taller cross-section.
Perisphinctes colubrinus Steuer (non Rein.) from Argentina is distinguished by
its less crowded and less deflected ribs.

The larger specimen is from Laptal, the smaller one from Chidamu. There
is also a fragment from Chidamu and a small specimen, provided with its body-
chamber, from Chojan, Middle Spiti Shales.

o
PERISPHINCTES (AULACOSPHINCTES) PERRIN-SMITHI, n. sp.

(Plate LXX, fig. 2 a—c.)
Dimensions :—

Diameter . . . . . . . 79 mm.
Width of umbilicus . . . ] . . a7 v
Height of volution . . . ] .21 '
Maximum thickness . . . . 278

The shell is thick. Its shape is discoidal. The volutions overlap only
slightly. The flanks are feebly convex and pass rather abruptly into the broad
somewhat flattened external margin. The rounded umbilical wall slopes with
a rather steep declivity; the cross-section resembles a transverse rectangle with
rounded corners.

The sculpture consists of prominent ribs which are very sharp, even on the
internal cast. They are slightly curved backward on the umbilical wall, while
on the flanks they are rather prominently deflected forward. The great majority
of the ribs bifurcate at the junction of the flanks and the external margin, both
branches running normally across the external margin where they do not suffer
any interruption in the case of the last volution. Very few ribs remain undivided.
Constrictions occur only here and there and are not very deep.

The suture and oral margin are unknown. The greater part of the last
volution belongs to the body-chamber, the exact length of which cannot be
ascertained.

The prescnt species is allied to Perisphinctes tibetanus, Perisph. torquatus,
Perisph. natricoides, Per. ophidoides and Perisph. hundesianus. Perisphizctes
tibetanus has a more rounded and less expanded cross-section, more crowded and
deeper cleft ribs and more numerous simple ribs. Perisph. torquatus d-if[ers by
its relatively much taller cross-section, smaller thickness, a more convex e:Lternal
margin, more deeply cleft and less sharp ribs and the nearly complete absc\nce of
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simple ribs.  The form of the cross-section recalls that of Perisphinctes natri-
coides, but in the latter species it is narrower and the flanks and external margin
are somewhat less rounded than in Per. Perrin-Smithi. Further, the ribs of
Per. natricoides are more numerous, more crowded, less curved and less sharp
than in Perisph. Perrin-Smithi. Moreover the number of simple ribs is greater
and the ventral furrow is sharply excavated even on the last volution, whilst in
Perisph.  Perrin-Smithi the body-chamber bears no ventral furrow. From
Perisph. ophidoides the present species is distinguished by its smaller size, its
much lower and much broader cross-section, its more rapid rate of increase, its
deeper umbilicus and its sharper, more prominent and more decidedly curved ribs;
from Perisph. hundesianus it differs by a comparatively lower and broader cross-
section and by the higher situation of the branching-points.

Perispkinctes Perrin-Smithi js represented by only two specimens from
Chidamu.

o PERISPHINCTES (AULACOSPHINCTES) OPHIDOIDES, N. Sp.

\\\

(Plate LI, fig. 1 a—d.)

Dimensions -—

Diameter . . . . . . . . . 159°5 mm.
Width of umbilicus . . . . . . . . . 835 ,,
Height of volution . . . . . . . . 448
Maximum thickness . . . . . . . 455

2

The shape is discoidal. The rate of increase is slow. The shell consists of
numerous volutions overlapping by one-fourth to one-fifth of their height. The
cross-section is rounded-subquadrate; the flanks are flattened and merge gradually
into the rounded external margin; the umbilical wall is rounded and steeply
declivous.

The ribs are rather stout, prominent and slightly deflected forward. They
number 65 on the last volution. Nine of these are simple, and the others bifur-
cate above the middle of the flanks. The ribs traverse the external surface
normally, and, along the median line they are intersected by a slight furrow even
beyond the commencement of the last volution.

Although in places the inner whorls are somewhat distorted by compression,
it is yet possible to ascertain that in the case of the innermost volutions, the
beight exceeds the thickness, and that this relation becomes reversed only in the
two outer whorls. The following dimensions are recorded from measurements
taken on three successive volutions :—

Thickness of volution 13 mm. 23 mn. 43 om,
Height of volution 16 ,, 21 ,, 41

The sculpture does not undergo any change worth mentioning during the
course of ontogenetic development, except that on the most anterior part of the
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:ht‘ll..which belongs to the body-chamber, one of the branch-ribs, usually the
Anterior one, or, In rare instances the posterior one, becomes disconnected from the
other at its point of origin, so that the ornamentation comes to consist of alter-
nating s'imple long ribs, and short intercalary ones. There is one shallow
constriction on the last whorl.

The suture is only moderately ramified and is characterized by the remarkable
breadth of the external saddle and the resulting displacement of the lateral
saddle. The external lobe is somewhat longer than the first lateral lobe; the
second lateral lobe is slightly oblique and does not reach so far down as the lateral
branch of the first lateral lobe. The first auxiliary lobe is only slightly shorter
than the second lateral lobe; the second auxiliary lobe is bipartite and its apex
lies nearly at the same level as that of the first lateral lobe.

The present species differs from Awlacosphinctes natricoides n. sp. by the
rarer occurrence of simple ribs, its smaller thickness, its narrower umbilicus, and
a more convex and less distinctly marked off external margin; from A4ulaco-
sphinctes La Touchei n. sp., it is distinguished mainly by its more crowded ribs,
its flattened flanks and the disposition of the ribs across the ventral face. A4ulaco-
sphinctes Morikeanus is somewhat flatter, its ribs are more frequently simple,
thev are less crowded and their branéhing-points are situated at a much lower
level. Aulacosphinctes tibetarius and Adulacosphinctes Perrin-Smithi are
relatively much thicker. Aulacosphinctes~ Hollandi is much more decidedly
flattened externally, its cross-section is more trapezoidal, its ribs are deflected
forwards, somewhat more curved, and more deeply cleft, and the suture-line also
exhibits differences.

The relation of the present species to Aulacosphinctes parvulus-will be
discussed when dealing with the latter species.

Locality —Chidamu. One specimen.

e / PERISPHINCTES (A ULACOSPHINCTES) PARVULUS, 1. SP.
-

(Plate XXXITI, fig. 4 a—d.)

Dimensions :—
Diameter . . 40 mm.
Width of umbilicus . .31,
Height of volution . . 108
.12,

Maximum thickness

The umbilicus is very wide. The shell is very slightly involute and consists
of five whorls. The cross-section is quadrate with rounded-off corners. The ribs
are sharp, slightly deflected forward, partly simple, partly dichotomous. On
the last volution their number amounts to 39 of which 7 are simple, whilst the
The anterior portion of the last volution carries a rather

rest are bifurcate.
The ventral furrow is deep and sharply defined.

deep constriction.
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The suture exhibits two characteristic features : the extraordinary length of
ie external lobe and the nearly complete fusion of the auxiliary lobes into a
ngle umbilical lobe.

The specimen described above bears such a close resemblance to A wlaco-
»hinctes ophidoides that I felt doubtful as to whether it should not be specifi-
lly united with the latter species or whether we may not happen to be dealing
ith sexual differences. The discussions regarding the supposed sexual differ-
ices among .Ammonites having hitherto led to little or no result, it did not
»pear opportune to be guided by considerations of so little value. A compari-
n with Awlacosphinctes ophidoides brings to light the following differences :
iring its earlier stages, the volutions of Aulacosphinctes ophidoides are more
erlapping and comparatively taller than those of 4wulacosph. parvulus, and the
iture exhibits a relatively shorter external lobe and well individualised auxiliary
bes. If we regard the actual body-chamber of the specimen of Aulacosph.
prrulus as the final one, a supposition, however, which cannot be regarded as
»olutely certain, we should be justified in laying stress on the great difference
| size.  The specific distinctness of such’a remarkably large form as 4wulaco-
hinctes ophidoides and such a diminutive one as Aulacosphinctes parvulus is,
) sav the least, highly probable, and we think ourselves justified in applying
fierent names to both.

From Aulacosphinctes Morikeanus, Aul. parvulus is distinguished by its
ore numerous, more densely crowded ribs, the branching-points of which lie at
higher level; further, by the smaller number of single ribs and by thicker and
mparatively lower volutions. Burckhardt’s Perisphinctes colubrinoides seems at
‘st sight very similar to Perisph. parvulus; we learn, however, from Burckhardt’s
scription that the ribs of the small-sized Argentinian species traverse the
ntral face uninterruptedly, whilst Perisph. parvulus possesses a deep ventral
rrow: further, that the external lobe is smaller than the first lateral lobe, while

our species the excessive length of the external lobe is one of the most con-

lcuous features.
Locality —Shalshal, “ Middle Spiti Shales.”

PERISPHINCTES (AULACOSPHINCTES) PSEUDOCOLUBRINUS, W. Kilian.

Perisphinctes colubrinus Zittel, Fauna der ilteren Tithonbildungen, Paldonfol. BMittedl. 11, 1870, p. 225, pl. 33,

fig. 6 ; pl. 34, figs. 4—6.
. Neumayr, Acanthicus-Schichten, Abkandl. geol. Reichsanstalt, 1873, Vv, p. 157

Perisphinctes colubrinua : :
Perisphinctes colubrinus : E. Favre, Zone & Amm. acanthicus des Alpes Suisses. Mem. pal. Suisse, I11, 1877,

p- 41. Terr. Oxfordien, pl. V, fig. 2, p. 46. Terrain Tithonique, Mém. Soc. pal. Suisse, vol. VI, p. 32, pl. II,

fig. 12.

Perisphinetes colubrinus : W. Kilinn, Mission 4’ Andnlousie, pl. 29, figs. 1, 2, p. 649, 1889,

Porisphinctes coluhrinns : Toucns, Founce des couches Tithoniques de I’Ardeche. Bull. Soc. geol. France, 3 dme-

serie, Vol. XVIII, 1890, p. 580, pl. X1v, fig. 1.

Perisphincton prowdocolulrinus ¢ W. Kilian, Note stratigraph. sur les environslde Sisteron, Bull. Soc, géol. Franca,

3 »me #r., Vol. XXIIT, 1898, p. 679.

Perisphinetss colulrinns : Staner, Argentinische Jurnablngerungen, Paldontol. Abhandl., VII, part 3, Jonn 1897,

p. 82, pl. XV, fig. 11,
H2
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Perisphinotes Zitteli v, Siomirndzki, Monographie dor Gattung Perisphinctes, Paluontographica, 1898, Vol. 45,
p- 158,

non Perisphinctes colubrinus (Roinocke) Quenstodt, Fontannes, Loriol, Herbicl.
non P. cf. colubrinus Bogdanowitsch,

non P. of. colubrinus Choffat,
non P. off. psevdo-colubrinus Burckhardt.

In his description of Perisphinctes colubrinus from the Alpine-Carpathian
Tithonian, Zittel remarks that this form deviates from the original type of
Perisphinctes colubrinus from the Zone of Ammonites tenuilobatus in Franconia
on account of its smaller size and a certain difference in 1ts general appearance.
Zittel considered these differences as too ill-defined to justify a specific separation
and he therefore united the Alpine and Carpathian form with that from Central
Europe. Choffat’ and Kilian, and, independently of them, v. Siemiradzki,
ascribed a higher value to these discrepancies and declared themselves in favour
of a specific separation. The Alpine-Carpathian species received the name of
Perisphinctes pseudo-colubrinus from W. Kilian, and, somewhat later, that of
Perisphinctes Zittelr from J. v. Siemiradzki; the former name has priority.
Siemiradzki discussed the existing differences briefly but exhaustively; it is true
these differences are not great, yet they suffice for the purposes of a specific
separation. It has also become evident that several other forms which have
been described under the name of Perisphinctes colubrinus are identical neither
with the Franconian type so beautifully figured by Quenstedt, nor with the
Alpine form.

In the collections from the Spiti Shales there are nine specimens of Peris-
phinctes pseudo-colubrinus. Five of these agree so closely with each other and
with Zittel's type that it is not possible to mention any appreciable difference.
The ribs of some of these specimens are slightly more deflected forward than in
Zittel’s illustration on plate 33, fig. 6, of his work, but this discrepancy 1is ex-
ceedingly unimportant and disappears entirely on comparison with Zittel’s illus-
tration figs. 4 and 5 of plate 34. None of these specimens has a diameter of
more than 50 mm. Three of the specimens clearly show the interruption of the
ribs on the external margin of the inner volutions, already commented on by
Zittel. The ventral furrow is finer, however, than in most of other species of
Aulacosphinctes. One of the specimens has an exceptionally wide umbilicus and
rather wide-spaced ribs; three other specimens have a somewhat narrower umbili-
cus and more rapid rate of increase. It may perhaps befcome necessary to
separate them as a distinct species. One of them has a dlamet?r.'of 71. mm.
Another exhibits a pathological monstrosity without any mark of injury similar
to that described by Quenstedt® with regard to Perisphinctes colubrinus.

The suture is completely known only in the case of one specimen belonging
to the form with a narrow umbilicus. It agrees with the typical suture-line of
the subgenus Aulacosphinctes with respect to the great breadth of the cxternal

1 {,naitanien, p. 3
? 4 mmwmiten des schwihischen Jara, 111, p. 028, pl. 101, fig. 3.
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saddle, the considerable length of the external lobe and the scantiness of the rami-
fications.  The second lateral lobes and the umbilical lobe are comparatively well
dcwloped.

Aulacosphinctes colubrinus makes its first appearance in Europe in the
Mediterranean A canthicus Strata' and has its chief centre of distribution in the
Tithonian, more especially in the lower Tithonian.

Localities —Shangra and Laptal in Ngari Khorsum, 4 specimens, Coll.
Schlagintweit. The pathological specimen is from Chidamu, the two with a
narrow umbilicus are from Sirkia and Chhota Hoti, Hundes.

PERISPHINCTES (AULACOSPHINCTES), n. sp. aff. LorioL1, Zittel.

Ammonites Lorioli Zittel, Cephalopoden der Stramberger Schichten, pl. 20, fics. 6, 7, p. 103.
Perisphinctes Lorioli Kilian, Mission d’Andalousie, pl. 28, fig. 3, p. 632,

For the sake of completeness we must mention here another species which
occupies an intermediate position between Perisphinctes subcolubrinus and
Perisphinctes Lorioli, but which is somewhat nearer the latter than the former.
It differs from Perisphinctes Lorioli by its somewhat lower volutions and wider
umbilicus. In one of the specimens the ribs are fairly distinctly interrupted on
the external margin.

Unfortunately the specimens of this species have reached me too late for
illustration. Its description will be treated in greater detail in an appendix.

Perisphinctes Lorioli characterises the Tithonian of Europe (Stramberg,
Andalusia, Montagne de Lure).

Locality —Shangra in Ngari Khorsum, 3 specimens. Coll. Schlagintweit.

“ 7
PERISPHINCTES (AULACOSPHINCTES) SUBTORQUATUS, n. Sp.

(Plate LXX, fig. 1 a—c.)

Dimensions :—
Diameter . . . . . 904 mm,
Width of vmbilicus . . 438
9
Height of volution - 27T,
. . . . 292,

Maximum thickness . . . .

The figured specimen shows 52 ribs on the last volution about nine-tenth§ of
which belong to the body-chamber. The ventral furrow is indicated only by slight
traces at the commencement of the body-chamber. The last volution carries two
not very deep constrictions each of which is accompanied by a simple rib; all the
other ribs are dichotomous. The cross-section has a rounded-quadrate shape;
the flanks are slightly flattened, the external margin is r0}1nded. The oral edge
i3 not preserved; but the expansion of the foremost pc.)rtlon of the shell of the
figured specimen suggests that it is not far off the definite oral aperture.

' Aceording to B. Favre the nccarrence of the species in the Oxfordian of the Freiburg Alps is not quite certain.
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p “T"SP’“'"C!@S subtorquatus n. sp. is very closely allied to Perisphinctes tor-
quatus Sowerby. The latter species can only be distinguished by its relatively
more depressed cross-section, its greater thickness and its shorter body-chamber.
The general appearance of the two forms is so similar as to suggest a possible case
of sexual difference. But as we are unable to arrive at any definite conclusion on
this matter, we consider it preferable to treat Per. subtorquatus and Per. torqua-
tus as separate species. Of Perisphinctes sub%ﬁéﬂ(ﬂﬂmus only three specimens are
available, whilst Per. guadmstus is represented by numerous specimens.

From Perisphinctes Smith-Woodwardi n. sp. the present species is distin-
guished by a more strongly flattened external margin, a relatively lower body-
chamber and the absence of distinctly trichotomous ribs; from Perisphinctes beltra-
nensis Burckhardt' by a wide umbilicus and a somewhat more distinctly rounded
cross-section; from Perisph. eudichotomus Zittel by a weaker ventral furrow,
thicker volutions and the existence of constrictions; from Perisph. serranus Cana-
varl by a more decidedly flattened external margin and less deeply cleft ribs, from
Perisph. adelus (Gemm.) Canavari by the more rapid rate of increase, and the
sharper and less curved ribs. Perisphinctes subtorquatus is also very closely allied
to Perisph. Bleichert Waagen (non Perisph. Bleicheri Loriol) from the Umia
Stage. The much narrower umbilicus and the closer crowding of the ribs clearly
distinguish the Kachh species from Perisph. subtorquatus.

There exist three specimens of Perisphinctes subtorquatus. They are from

Laptal and Shangra.

~ PERISPHINCTES (AULACOSPHINCTES) TORQUATUS, J. de C. Sowerby sp.

(Plate LXIX, fig. 2 a—d; Plate LXXI, figs. 1 «—d, 2 a—c¢.)

Ammonites torquatus James de Carl Sowerby, Trans. Geol. Soc. London, V, p. 719, pl. 61, fig. 12, and explanation.
Non Perisphinctes torquatus Blanford, 1864, non Perisph. torquatus Waageu,
Ammonites biplex Blanford, Paleontology of Niti, pl. 12, fig. 1la, b (non pl, 11, fig. 1), p. 79.

Dimensions :—
Diameter . . . . . . . . . 858 mm.,
Width of umbilicus . . . . . . . . . . . 41
Height of volution . . . . . . . . . . . . 252
Maximum thickness . . . . . . . . . . . . 30 )

The sculpture of the present species consists mainly of bifurcate ribs which
are slightly deflected forward and which on the umbilical wall constitute a small
posteriorly convex arch. Simple and trichotomous ribs are not totally wanting,
but they occur only in some specimens and then only in very small numbers (one
or at most two on the last whorl). On the penultimate volution immediately pre-
ceding the body-chamber or including its posterior extremity, the number of ribs-

! Argentinische Jurnablagerungen, p, 41, pl. V, figs. 10—12,
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ﬂllctuatt?s between 52 to 58. On the earlier volutions the aumber of ribs becomes
proportlgnately smaller. Branching takes place a little above half the height of
the volutions. The branch-ribs traverse the external margin normally and exhibit
a slight median furrow on the inner volutions. The median furrow entirely
disappears on the body-chamber and also on the anterior portion of the chambered
nucleus. _

The umbilicus is rather wide. The rate of increase is slow. The volutions
overlap by about one-third of their height. The cross-section is subcircular to
rounded-trapezoidal; the flanks are slightly flattened; the ventral face is rather
broad and rounded. More closely ribbed specimens have a somewhat lower cross-
section than specimens with wider-spaced ribs. The maximum thickness is situa-
ted either just below the middle of the volutions or it may be found shifted down-
wards nearer to the umbilical wall.

The posterior part of the body-chamber subsists in several specimens, while
in two specimens the anterior portion also is preserved. The only change of orna-
mentation noticeable on the anterior portion of the body-chamber consists in a
slight downward shifting of the branching points of the ribs. At the anterior
end the cross-section becomes expanded and the oral aperture shows a broad, short
lateral lappet (see plate LXIX, fig. 2 ¢). The body-chamber of the figured speci-
men occupies very nearly three-fourths of the last volution.

As in all species of dulacosphinctes the suture-line has a long external lobe,
a broad external saddle and feebly developed, fecbly retrograde auxiliary lobes.
The ramification of the lobes is somewhat more profuse than in most other species
of the subgenus and the auxiliary lobes are somewhat better developed. The
specimen depicted in plate LXIX, fig. 2, has a particularly long external lobe and
its second lateral lobe is rather broad.

Perisphinctes torquatus is the commonest species in the Spiti Shales and
varies accordingly within rather wide limits. Extreme forms are illustrated on
plate LXIX, fig. 2, and on plate LXX], fig. 1; the other specimens occupying

intermediate positions.

The species 4 mmonites torquatus was founded by James de Carl Sowgrby on
specimens from the desert north-east of Kachh. Later on Waagen apphed.the
rge specimen from the Katrol Stage. A comparison
b Sowerby’s illustration evinces such a complete
point out any differences worth mentioning.
technique of Sowerby’s drawing, we at

name forquatus to a very la
of the Spiti Shales specimens wit
agreement that it is not possible to

Notwithstanding the somewhat primitive ! . ’ .
once recognise its identity with the form under discussion. Sowerby’s concise

description is also quite applicable to our species. On the f)ther hand ’Waage.n’s
“ Perisphinctes torquatus” shows very little resemblance with Sowerby’s species.
Waagen'’s interpretation consequently does not appear t-o be correct. |

H. F. Blanford was more correct in his interpretation of Ammom{es torqua-
tus (on Gerard’s collection of Spiti fossils, 1863, p. 130), when he assigned this



370 HIMALAYAN FOSSILS.

name, with a query, to a closely allied form which is Lere designated as Per.'isplz.
infundibulum. Later on, in 1865, he referred this same form to Perisphinctes
biplew, an identification which also has to be rejected, for the Indian species is
neither identical with the original type of Ammonites biplex Sowerby nor with
that form which for a long time has been mistaken for it in England.’

Among the forms from the Spiti Shales those closest related to Perisphinctes
torquatus are Perisphinctes subtorquatus, Perisph. Smith-Woodwardi, and Pe-
risph. infundibulum. Perisphinctes subtorquatus differs by its relatively taller
volutions, its smaller thickness, less crowded ribs and a longer body-chamber; Pe-
risph. Smith-Woodwardi is distinguished by taller volutions, more strongly flat-
tened flanks and the greater number of trichotomous ribs on the body-chamber;
Perisphinctes infundibulum is thicker with a narrower and deeper umbilicus, and
more strongly curved ribs. At first sight Perisphinctes ophidoides also seems very
similar, but on closer examination it is found that Perisph. ophidoides has a wider
and flatter umbilicus and more strongly flattened flanks and a slower rate of in-
crease. In Perisphinctes ophidoides the ribs are less deeply cleft, less curved,
and more numerous; the number of undivided ribs is also greater. The inner-
most volutions of Perisphinctes ophidoides are flat; those of Perisph. torquatus
are rather strongly inflated. Perisphinctes torquatus is represented by many
specimens with a portion of their body-chamber preserved, none of them exceed-
ing 90 mm. in diameter, whilst Perisph. ophidoides reaches a diameter of 159 mm.
Finally, the suture of Perisphinctes ophidoides is less profusely ramified, its lobe-
trunks are somewhat narrower, its saddles somewhat broader, and the external
lobe much shorter than in Perisph. torquatus.

Of European forms Perisph. Lorioli Zittel, Perisph. serranus Canavari and
Perisph. adelus Gemm. may be specially mentioned as closely allied. Perisph.
Lorioli has much flatter and taller volutions and is therefore easily distinguished
from Perisph. torquatus. Perisph. serranus Canavari has convergent flanks and
more strongly curved ribs. Perisph. adelus Gemm. is less involute with a wider
umbilicus, and more strongly curved ribs. Perisph. colubrinus has a slower rate
of increase with lower subcircular volutions. Perisphinctes biplex Loriol and
Pellat (non Sowerby-Healey) has a much wider umbilicus, a lower cross-sectioTl
and straighter ribs. Perisphinctes Pallasi d'Orb. (I"erisph. biplex a.uctor.. ang'lz-
corum) differs by its straight and less numerous ribs wh'ose F)ranchu.lg-pomt lies
at a higher level, and probably belongs to a group of Perisphinctes different from

that of which Perisphinctes torquatus is a member.
atus is represented by numerous specimens from the fol-
Chidamu, Shalshal (Middle Stage), North

ung La and Chhota Hoti, Jandu (Sherik

Perisphinctes torqu
lowing localities : Laptal (Hu'ndes),
of Ting Jung La, hetween Ting J g
River), Sirkia (S. Hundes), Gieumal, Spiti Valley.

) Vaud Healey, On Upper J urassic Ammonites, Quarterly Journal Geol. Soc., vol. 60, 1904, p. 62.
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>< PERISPHINCTES (AULACOSPHINCTES) INFUNDIBULUM, D. Sp.

(Plate LXVI, fig. 8 a—c¢; Plate LXXII, figs. 1 a—¢, 2a—¢, 3 a, b, 4 a—¢.)

Ammonstes torqualus Sowerby (?), H. F. Blanford, on Gerard’
1864, vol. 32, p. 130, pl. III, figs. 6, 7, 8.

Ammonites biplex, H. F. Blanford, Palzontology of Niti, 1865,

Ammonites biplex, G. C. Crick, The Cephalopoda in the Strachey
Dec. V, 1904, p. 8.

8 collection of Spiti fossils, Journ. Asiat. Soe. Bengal,.

pl. 11, fig. 1 a—ec, p. 79 (non pl. 12, fig. 1).
Collection from the Himalaya, Geol. Magazine, n. s,».

Dimensions :—
Diameter . . . . 81 mm. 83 mm. 70 mm.
Width of umbilicus . .39, 375 327
Height of volution . . 25 265 ,, (approximate) 21 ,,
Maximum thickness . R 14 29 » (approximate)

Typical specimens of Perisphinctes infundibulum with their funnel-shaped
umbilicus and the strongly curved and anteriorly deflected ribs convey the impres-
sion of a well-characterized, easily recognisable species. It is not difficult to dis-
tinguish it from its nearest relation, namely Perisphinctes torquatus, for the volu-
tions of Perisph. infundibulum are considerably thicker and lower, its flanks are
more strongly arched, its umbilical wall is more steeply inclined, and its external
margin broader. The umbilicus is narrower and forms a funnel-shaped cavity.
The ribs are much more deflected forward; they are more strongly curved on the:
lower part of the flanks and on the umbilical wall, and they are more deeply cleft.
Moreover the interruption of the ribs on the external margin is somewhat more
distinct than in Perisph. torquatus. In large specimens of Perisph. infundibu-
lum the number of main-ribs on the last volution amounts to 40—43, while in
Perisph. torquatus it is somewhat more. The sutures do not exhibit any note-
worthy differences, though the septa are distributed at somewhat wider intervals
in the case of Perisph. infundibulum. The body-chamber is not completely pre-
served in any of the specimens.

The distinctness of the species soon loses its precision, however, the moment
that we take into account the less typical specimens, such as that represented on
plate LXXII, fig. 2. This specimen is somewhat flatter with st.rf)ngly curved
ribs, and approaches Perisph. torquatus very closely. At 1.;he. same time there are-
certain specimens of Perisph. torquatus which exhibit a similarly close approach
to Perisph. infundibulum. Yet it is impossible to trace an absoh%tely continuous
transition from one to the other from amongst the available material. .

As in the case of Perisph. torquatus, there is a considerable range of varia-
tion amongst the specimens of Perisphinctes infundibulum. The specimen repre-
sented in fig. 3, plate LXXII, differs from the type 'represented in fig. 1 of the
same plate, owing to its considerably narrower umbilicus, more.densely. crowded,
somewhat finer ribs, its somewhat more convex external margin and its ﬂ:a?ter
flanks. The form represented in fig. 4 of the same plate has the same umbilical
width as the type, but the ribs are more crowded and less curved, while the flanks

' in fig. 2 of the same plate has a narrower-
are more flattened. The specimen shown in fig p arro
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umbilicus, narrower voluticns and less distinctly curved ribs. The speci-
men illustrated in plate LXVI, fig. 3, represents an immature individual with
deep con§trictions. It is evident therefore that hardly a single specimen entirely
agrees with any one of its fellows.

In all specimens the height increases with increasing age at a quicker rate
than the thickness. The sculpture does not undergo any noteworthy changes
during the course of ontogenetic development.

The forms figured by H. F. Blanford under the names of 4 mmonites torqua-
tus (Asiat. Soc., plate III, figs. 6—8) and A mmonites biplex (Paleontology of Niti,
plate 11, fig. 1 a—c) belong to Perisphinctes infundibulum, and are remarkable for
their very thick, low and rounded volutions and their strongly curved ribs. Never-
theless, the form depicted on plate 12, fig. 1 a, b of the Palaontology of Niti, pro-
bably does belong to Perisphinctes torquatus, on account of its narrower whorls
and straight ribs less strongly deflected forward.

In addition to Perisphinctes torquatus, we must also take into consideration
Perisph. montanus n. sp., Perisph. sparsiplicatus Waagen and Perisph. subcolu-
brinus Waagen in the present discussion of the affinities of Perisph. infundibu-
lum. Perisph. infundibulum is distinguished from Perisph. montanus by its more
convex flanks, its more depressed cross-section, and its stouter ribs which are more
decidedly deflected forward; from Perisph. subcolubrinus it is distinguished by
its greater thickness and narrower umbilicus.

Very closely allied to Perisphinctes infundibulum is a species from the Lower
Teschener Schiefer of Silesia which, some years ago, I described under the name
of Perisphinctes aff. Lorioli Zitt. The pronounced curvature of the ribs on that
small fragment suggests specific identity; but since the Silesian specimen is dis-
torted by compression and consequently the form of the shell cannot be clearly
made out, we are unable to arrive at a final decision on the point. In any case
we have to deal here with a very closely allied species.

Localities—Chidamu (5 specimens); Jandu, Sherik River; country between

Ting Jung La and Chhota Hoti; Spiti Valley.

PERISPHINCTES (AULACOSPHINCTES) SMITH- WOODWARDI, 0. Sp.

(Plate LXIX, fig. 1 a—c.)

Dimensions :—
Diameter . . . . . . . 131 mm.
Width of umbilicus . . . . . . . . . . . 60 ,,
Height of volution . . . . . . 42
. 385

Maximum thickness
The umbilicus is wide. The ribs are prominent, slightly deflected forward,

and bifurcate above the middle of the flanks. Their number on the last whorl is
60, and on the penultimate whorl 52.
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Trichotomous ribs are almost absent except on the last quarter of the last volu-
tion where they are occasionally developed, the lower branch starting much lower
than the upper one.  On the internal cast the ribs appear rather sharp and fine,
but when the shell is preserved, they project in the shape of prominent rather stout
ridges. The external region is slightly rounded, the flanks are somewhat flatten-
ed and slightly bevelled towards the external margin. The maximum thickness
coincides with the junction between the flanks and the oblique, rounded umbilical
wall.  The cross-section has a rounded-trapezoidal shape.

The suture is not preserved. The last volution belongs entirely to the body-
chamber. The oral margin is not preserved but the most anterior preserved part
of the body-chamber, is probably close to the final oral aperture.

Perisphinctes Smith-Woodwardi is very closely allied to Perisph. Bleicheri,
but is distinguished from the latter by the relatively greater height of its cross-
section and its rounded-trapezoidal outline as well as by the stronger curvature
of the external margin of the body-chamber. Both species possess a long body-
chamber in contradistinction to Perisphinctes torquatus. From this latter species.
Perisphinctes Smith-Woodwardi is also distinguished by its relatively greater
volution-height, its smaller thickness, the presence of trichotomous ribs and the
shape of the cross-section; from Perisph. cf. adelus Gemm. it differs by its smaller
thickness, the smaller number of trichotomous ribs and the shape of the cross-
section.

The figured specimen is from the Spiti Valley. The matrix contains also
Belemnites and a small Oppelia (Streblites). A second specimen is from Puling
(Ngari Khorsum); a third specimen from Chidamu, perhaps belongs also to the:
same specles.

PERISPHINCTES (AULACOSPHINCTES) WILLISI, D. sp.

‘(Plate LXV, fig. 3 a—d; Plate LXXIII, fig. 1 a—c.)

Dimensions :—
Diameter (approximately) . . . . . . . . . 8 mm.
TWidth of umbilicus . . . . . . . . . . . 363 ,,
Height of volution (measured over the ribs) . . . . . . 268 ,,
Maximum thickness . . . . . . . . . . 333 ,,

Notwithstanding the undoubtedly close relationship between this fossil and
Perisph. infundibulum, it is impossible to unite it with the latter species. Al-
though its ribs are fairly distinctly deflected forward, their course is straight, and.
there is no trace of the curvature of the ribs on the lower part of the flanks and
on the umbilical wall, which is so characteristic of Perisph. infundibulum. The
constrictions are somewhat more pronounced. The umbilical width is about the
same but tbe funnel shape of the umbilical cavity is not as clearly developed. The-

cross-section of the volutions is relatively somewhat higher than in Perisph.
12
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infundibulum and the flanks, which in the latter species are strongly arched, are
distinctly flattened.

Perisph. Willisi is distinguished from Perisph. torquatus by its greater thick-
ness, the more pronounced flattening of its flanks and of its external region, and
the more pronounced anterior deflection of the ribs; from Perisph. hundesianus
it 1s distinguished by its relatively taller volutions, its more complanate flanks, its
greater thickness and the different shape of its cross-section.

The suture of Perisphinctes Willisi does not differ essentially from that of
Perisph. torquatus and Perisph. infundibulum; but the distances between the
septa are nevertheless somewhat greater. The oral aperture recalls that of Peris-
phinctes torquatus in so far as the cross-section of the oral aperture is somewhat
wider than the adjacent portion of the shell. But while the lateral lappets of
Perisph. torquatus are short and broad, those of Per. Willisi are narrow and
produced into a spoon-shaped appendix. The last rib is blurred and much flatter
than the remainder from the last of which it is separated by a rather deep groove.
The oral edge proper is smooth and expanded outwards, particularly on the
external margin. The length of the body-chamber cannot be ascertained exactly;
it certainly does not occupy more than three-fourths of the last volution and
consequently is comparatively short. In the figured fragment of the inner set of
volutions the constrictions are particularly deep and numerous and are accom-
panied on one side by a strongly thickened rib.

Of this species we possess several specimens from the following localities :
Country between Chhota Hoti and Ting Jung La; Laptal (Hundes); Gieumal.

PERISPHINCTES (AULACOSPHINCTES) HUNDESIANUS, N. Sp.

(Plate LXXI, fig. 3 a—c¢; Plate LXXITII, fig. 2 a—c.)

Dimensions :—
Diameter . . . . . . . . - . 658 mm, 69 mm.
Width of umbilicus . . . . . . . . . . 288 ,, 29 ’
Height of volution . . . . . . . . . . 2, 22
Maximum thickness . . . . .29 285 ,,
Measured at (approx.)
the ribs.

Only after some hesitation did I decide to separate this species from Perisph-
inctes torquatus with which it agrees so closely that a separate description is

superfluous and all we need do is to point out the differences.
Perisphinctes hundesianus is somewhat thicker than Perisph. torquatus and

has a lower and more rounded cross-section. The ribs are stouter and somewhat
more deeply cleft, so that the branching-point is frequently shifted below the
middle of the flanks. On the last whorl there are two deep constrictions, whilst
in Perisph. torquatus constrictions are either entirely wanting or only feebly

developed.



PERISPHINCTES. 376

Certain speoimens of Perisph. infundibulum are also very closely related to
Perisph. Aundesianus, especially that represented on pl. LXXII, fig. 4. The
more decided anterior deflection of the ribs of Perisph. infundibulum justifies its
specific separation from Perisph. hundesianus.

Perisph. hundesianus is represented by four specimens of which two are

from Chidamu, whilst the third was found between Laptal and Chidamu and the
fourth was collected north of Ting Jung La.

PERISPHINCTES (AULACOSPHINCTES) cf. ADELUS, Gemmellaro.

(Plate LXVTII, fig. 1 a—c.)

v\
Perisphinctes adelus Qemmellaro 15872, Faune giurese e liasiche, No. 2, p. 51, pl. IH, fig. 7, 1877 ; No. 7, p. 198.

Perisphinctes adelus Canavari 1897, Fauna degli strati con Aspidoceras acanthicum, Paleontographica Italica,
111, p. 203, Pl. XXII, figs. 1, 2; Pl. XX VI fig. 3.

Dimensions :—
Diameter (approximately) . . . . . . . . . . . 101 mm.
Width of umbilicus . . . . . . . . . . . . . 465 ,,
Height of volution . . . . . . . . . . . . .31,
Maximum thickness . . . . . . . . . . . . . 327

»

The inner volutions of this species with their relatively low cross-section,
flattened flanks and deeply cleft bifurcate ribs scarcely differ from those of
Perisphinctes torquatus. The body-chamber, however, with its numerous trichoto-
mous ribs exhibits specific differences which, on the one hand, preclude its
reference to Perisphinctes torquatus, while, on the other hand, they remind us
vividly of Perisphinctes adelus Gemmellaro from the A canthicus-strata of Sicily.

The agreement with the Sicilian form is, however, not complete; for Perisph.
-adelus Gemm. has a somewhat wider umbilicus and somewhat less numerous ribs
than the Indian form. The other characters, namely the roundish cross-section,
slightly flattened flanks, and the suture-line appear to agree well, judging from
Gemmellaro’s description. Whether a ventral furrow exists on the inner volutions
of the Sicilian species is not known. The figured Indian specimen distinctly
shows the ventral furrow behind thz commencement of the body-chamber. Owing
to the insufficiency of the available material it is not possible to decide whether
the differences mentioned are sufficient to preclude specific identification. Richer
material both from India and from the Mediterranean might include absolutely
identical forms. Until this can be ascertained, we consider it wiser to designate
the Indian species as Perisphinctes cf. adelus. In any case its relationship to
Perisph. adelus is exceedingly close.

Whether the form described by Canavari under the name of Perisph. adelus
is specifically identical with Gemmellaro’s type appears to be somewhat doubtful,
for its rate of increase is still slower, the trichotomous ribs are fewer and the

curvature of the ribs is more pronounced.
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Among Indian species, besides Perisph. torquatus, already referred to, those:
most closely related are Perisph. chidamensis, Perisph. Smith-Woodwardi, and
Perisph. sparsicosta. Perisphinctes chidamensis has a relatively more rapid rate
of increase, thicker volutions and a narrower umbilicus. Perisph. sparsicosta is.
similarly distinguished by its greater thickness and fewer ribs; Perisph. Smith-
Woodwardi differs by the relatively greater height of its body-chamber, its less.
densely crowded costation, and fewer trichotomous rib.

The body-chamber of the Italian Perisph. adelus occupies three-fourths of
the last volution, agreeing in this respect with Perisphinctes torquatus and
Perisphinctes Williss.

Perisphinctes adelus has been described by Gemmellaro from the A4 canthicus-
strata (Kimeridgian) of Burgilamuni in the province of Girgenti, by Canavari
from the Acanthicus-strata from Monte Serra near Camerino. According to-
Seguenza this species occurs also in the Acanthicus-strata near Taormina.
Canavari mentions a Perisph. cf. adelus from the Tithonian of Caprino. A
Perisphinctes cf. adelus Gemm. has been reported by G. C. Crick! from Somali-
land.

The Indian species is represented by three specimens of which two are from.
Chidamu whilst the third is from Laptal.

4

\\,f PERISPHINCTES (AULACOSPHINCTES) CHIDAMENSIS, 1. Sp.
S
LN
HE (Plate LXXIV, fig. 1 a—d.)
Dimensions :—
Diameter . . . 104 mm. 106 mm.
Width of umbilicus . . 46 6
Height of volution . . 342, 4,
Maximum thickness . . 38 0

The whorls have a sub-circular section, exposing a wide umbilicus. The
inner volutions are ornamented with only moderately numerous dichotomous ribs.
With advancing age the main-ribs become relatively more numerous, and, on the
last volution, which belongs for the most part to the body-chamber, they number
56. The ribs are fairly strongly deflected forward and bifurcate at about half
the height of the volutions or a little higher. On the body-chamber the level of
branching-points becomes shifted somewhat lower down. Up to the commence-
ment of the body-chamber dichotomous ribs prevail; on the posterior part of the
body-chamber trichotomous ribs become interspersed amongst the dichotomous:
ones, though the latter still remain mere numerous, while on the anterior po_rtion
of the body-chamber there only subsist a few isolated dichotomous ribs scattered
amidst the now predominating trichotomous ones. The constrictiqns are few bqt

deep.

1 On the forsil Cephalopoda from Somaliland collected by Donaldson Smith. (Through unknown African conatries..
London and New York, 1897.)
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The first lateral lobe is somewhat shorter than the external lobe, it has a very
broad trunk and close-set rather scantily ramified lateral branches. The second
lateral lobe is fairly large, only slightly oblique; its free development is mot
impeded by the adjacent sutural inflections. Of the auxiliary lobes only the first
is normally developed, the second one being very insignificant and combining with
the remaining auxiliaries, which arc reduced to the state of mere denticulations,
to form a slightly retrograde umbilical lobe. The apex of this umbilical lobe is
approximately on a level with the apex of the inner lateral main-branch of the
first lateral lobe. As regards the development of the saddles, the great breadth
of the external saddle and the anterior displacement of the first lateral saddle are
worth noticing.

In the figured specimen about two-thirds of the last volution belong to the
body-chamber, which, however, is not completely preserved. In a second speci-
men (Coll. Schlagintweit) the body-chamber occupies more than three-fourths of
the last volution though the oral margin is not preserved. In this specimen, the
foremost preserved portion of the body-chamber bears ribs which are deeply cleft
and strongly deflected forward, while this portion of the body-chamber also
appears to expand laterally in a very decided manner, just as in the case of
Perisph. torquatus.

Perisphinctes chidamensis belongs to the group of forms particularly closely
related to Perisph. torquatus. This relationship is particularly expressed by the
similarity of the suture-lines, the resemblance of the inner volutions, and the
existence of a slight median furrow on the inner whorls of Perisphinctes chida-
mensts. The specific distinctness is based on the greater thickness and convexity
of the volutions and the greater number of trichotomous ribs on the body-chamber.

Closely connected with Perisphinctes chidamensis are Perisph. sparsicosta
and Perisph. cf. adelus Gemm. The distinguishing characters are pointed out
in the descriptions of these species.

Among the species of the genus Virgatosphinctes, Perisph. himalayanus and
Perisph. Burckhardti bear a certain resemblance to Perisphinctes chidamensis.
The first-mentioned species is larger, with thicker and more depressed volutions,
more copiously cleft riks and a different suture. The second species has relatively
taller volutions and its riks are more abundantly ramified.

Localities.—Chidamu, 1 specimen; Shangra in Ngari Khorsum, 4 specimens
(Coll. Schlagintweit).

;

PERISPHINCTES (AULACOSPHINCTES) SPARSICOSTA, D. SP.

(Plate LXXIV, fig. 2 a-—1.)

Dimensions :—
Diameter . . . . . . . 98 mm.
Width of umbilicus . . . . . . . . . 448
Height of volution . )|

Maximum thickness (approximately) . . . ‘ . . . . 33
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P eﬂsphznctes sparsicosta is one of the nearest relatives to Perisph. chidamen-
‘ With a wider conception of the zoological value of species the two might be
t.lmted.‘ As however there are very few specimens available of either species, it is
1mpossible to ascertain whether they are connected by intermediate forms. For
the present therefore we consider it advisable to maintain the specific distinctness
of Pc.’-r'.tsph. sparsicosta. 1f later discoveries should establish the existence of
tranS}tlonal forms, the specific name here proposed may be utilised to designate
a varilety.

. The external shape and outline of the cross-section are practically identical
with both forms as can easily be verified from an examination of the illustrations
and a comparison of the tables of dimensions. The exceptionally tall outline of
the cross-section of Perisph. sparsicosta indicated in the view showing the aperture
represented in pl. LXXTV, fig. 2b results from a slight lateral compression of the
most anterior portion of the shell. The true cross-section is represented by the
outline drawing, fig. 2e.

The ornamentation of both species is very similar but the ribs are much
fewer in the case of Perisph. sparsicosta, their number on the last volution being
respectively 39 in the case of P. sparsicosta, and 56 in that of P. chidamensis.
Moreover, the ribs of P. sparsicosta are somewhat stronger and less curved. The
constrictions are very deep and are bounded anteriorly by an undivided rib and
posteriorly by a rib-bundle. Such rib-bundles are wanting in P. chidamensis.
The “ virgatotomous ” type of branching seems to set in scmewhat earlier (see fig.
2 f) than in P. chidamensts.

The differences in the suture are as follows : in P. chidamensis the first lateral
saddle is anteriorly displaced more than the external saddle; the second lateral
lobe is long, the first lateral lobe is rather broad; in P. sparsicosta the external and
lateral saddles are at the same level; the second lateral lobe is very short, and the
first lateral lobe has a rather narrow trunk.

The exact position of the last septum cannot be ascertained, but it seems that
about three-fourths of the last volution belong to the body-chamber. The oral
margin is not preserved. The deep constriction near the front end of the preserved
part, of the body-chamber was probably situated cl.ose to the final oral aperture.
Locality—Chidamu (Coll. Diener); one specimen.

8IS,

D.—ISOLATED TYPES.
PERISPHINCTES (PSEUDOVIRGATITES), sp. ind.

The specimen here alluded to is a chambered fragment 65 mm. high with a
rounded-trapezoidal cross-section and a sculpture recalling the ornamentation ot
the body-chamber in Pseudovirgatites scruposus Oppel'. The specimen 1is tco

1 Zitte!, Cephalopoden der Stramberger Schichten, p. 115, pl. XXIV, fig. 3¢, b. Vetters, Die Fauna der Juraklippen
wischen Dor;au und Thaya, Bettrdge zur Geologie und Palacontologie Oesterreich-Ungarns, XVII, p. 227, pl. XXI, fig.

1 and XXII figs. 1—4.
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fragmentary to enable ug to determine it accurately; but although not specifically

identical with thfs European Perisphinctes scruposus, yet it probably belongs to
the group of Perisphinctes SCTUPOSUS.
The specimen is from Kuti.

PERISPHINCTES (PsEUDOVIRGATITES ?) aff. ERINOIDES, Burckhardt.

This is a sma,ll. fragment of a body-chamber the volution height of which is
71_ mm. and the thickness 65 mm., the sculpture recalling that of Perisphinctes
erinoides Burckhardt' from the Kimeridge-Portlandian of the Argentinian

Cordillera. Its bad state of preservation precludes a more exact determination.
Locality.—Chidamu,

A PERISPHINCTES BIPLICATUS, n. sp.

P,
(Plate LVII, figs. 1 a—-c, 2 a—d, 3; Plate LIX, fig. 1 a—c.)

Dimensions -—
Plate LIX, Plate LVII,
' fig. 1. fig. 2.
Diameter . . . . . . . . . . . 153 mm. 99 mm.
Width of umbilicus . . . . . . . . . . 68 ' 40 '
Height of volution . ) . ] . ] . . . . 50 " 335
Maximum thickness . ] . ; . . . . . . 485 . 325

The shape is discoidal. The ribs are very prominent, thick and at the same
time sharp, regularly dichotomous, rather wide-spaced and slightly deflected
forward. The branching-point of the ribs occurs at about half the height of the
flanks or a little higher; the branch-ribs traverse the external margin normally in
the shape of thick, sharp ridges. The largest specimen exhibits two simple ribs,
but trichotomous ribs are entirely absent. The number of main-ribs on the last
volution of the specimen illustrated in pl. LVII, fig. 2 is about 42, while in the
largest specimen it probably rises to 47.

The flat flanks are sharply marked off from the steep and rounded umbilical
wall, but they merge gradually into the slightly convex external margin which is
somewhat flattened along its middle zone. The cross-section of the body-chamber
is approximately that of a square with rounded corners. The outer volution is
only slightly thicker at its base than at its upper part, and its height only. very
slightly exceeds its thickness. On the other hanq, the thickness of the inner
volutions is greater than their height. The following table records these dimen-
sions for four successive whorls in the case of the specimen figured in pl. LVII,

fig. 1 and conveys an idea of the mode of growth of the present species.

Height of Thickness.
volution.
. . . . 355 . 35 mm.
Body-chamber . . . . . . . o mm -
Penultimate volution oo . . . . . . . . o ” = ,:
Antepenultimate volution . . " es :: i

Next inner volution

1 Palaeontographica, vol. 50, pl. VIII, fig. 1, p. 51.
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The suture is characterized by its scanty ramification, the great breadth of
the saddles and the great length of the external lobe. The first lateral lobe is
rat‘her short and has a broad trunk, the second lateral lobe is scarcely or not at all
oblique. The auxiliary lobes are rather feebly developed and scarcely retrograde.
The first lateral saddle is displaced forward. In the large specimen figured on
plate ‘LIX the second lateral lobe is somewhat obliquely disposed. The suture-
line of a third specimen (pl. LVII, fig. 3) differs by the somewhat narrower trunk
of the first lateral lobe and the somewhat greater breadth of its first lateral saddle.
Whet.her this specimen represents a separate species cannot be ascertained with
certainty owing to its poor state of preservation.

Notwithstanding the somewhat considerable divergence in dimensions, a
portion of the body-chamber subsists in every one of the figured specimens.

The present species occupies an isolated position among the Perisphinctes of
the Spiti Fauna, and it is cifficult to establish its exact relationship. It possesses
a certain degree of external resemblance to Perisphinctes bathyplocus Waagen
from the Katrol Stage of Kachh, also to Perisphinctes lacertosus and Perisph.
crusoliensis Dumortier et Fontannes from the Kimeridgian of the Ardéche, but
none of these forms are truly related to Perisph. biplicatus, which they only
resemble in general habit.

Much more intimate are the relations with Perisphinctes Bleicheri Loriol’
(non Waagen) and Perisphinctes Boidini Loriol®* from the Portlandian of North-
ern France.

The two specimens figured by Loriol under the name of Perisphinctes
Bleicheri appear to belong in reality to two separate species. One of these differs
from Perisphinctes biplicatus by a much wider umbilicus and relatively lower
volutions, the other by the presence of trichotomous ribs, which are entirely want-
ing 1n Perisph. biplicatus. Perisphinctes Boidini has narrower and relatively
taller whorls. Otherwise the resemblance of Perisphinctes biplicatus with
the above-mentioned species is so great that we might feel inclined to admit
that it is closely related. Unfortunately we possess no information rega.rdin.g the
shape of the suture and the characters of the chambered nucleus of Pemsph.mctes
Bleicheri so that, for the present, it is impossibl'e to form any clear conception of
this species. In consequence of its sharp, dlchoto.mous, and only moderately
pumerous ribs Perisphinctes biplicatus .bears a.certaln resembla.nce to the group
of Perisphinctes Pallasi d'Orb. (Perisph. bipler aut. anglzc:) of Northern
Europe and Russia.* In this group also the lobes are only scantily ramified and

the saddles are very broad; but the auxiliary lobes are scarcely or not at all

Loriol et Pella ormation Ju iq riro sur-Mer, Mém. Soc. de physique ot d'histoire
F i jurs ue des environs de Boulogne-sur-Mer, J P
1 iol 11at, mation Jjuriassi

2 XII1, 1874, pl. 1V, figs. 1, 2.
naturelle de Genéve, XXII w Bwl}l) Soc. Imp. Natural. de Moscou, 1889, pi. 111, figs. 7, 12, p. 60,
o . rotundus Sov., Perisph. Panderi d'Otb., Perisph. dorsoplants Vischninkoft,
airet Nikitin (non Favre), Per:'sph. apertus Nikitin, Perisph, solocaticus

The forms of this group are often referred to ns” Holcostephanus;

2 Compare als? A. Pavl
3 To this gronp belong Perisph.
Perisph. Lomonosowi Vischn, Perisph. Pral -
Bognal., Perisph. clementinus Bogosl. (?) and o .ers. ho Tom
it womld be prefernble to establish for them n special generic .
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oblique to the umbilical suture in consequence of which the ;‘ﬁ?ﬁiéais displaced

forward, while the auxiliary lobes of Perisph. biplicatus are somewhat dis-
tinctly retrograde towards the umbilicus. It is probable therefore that Peris-
phinctes biplicat.us d.oes not belong to the group of Perisphinctes Pallasi. We:
might perhaps 1magine that Perisphinctes biplicatus is related to the Pallasi
group, but that under the specal conditions of life obtaining in the Indian Pro-
vince it acquired an aberrant form of septa, receding in this respect from the:
Russo-North-European species; but we have no satisfactory data to support this
supposition.

Finally we must compare the present species with Perisphinctes torquatus.
In all the forms of this group the ribs are much more densely crowded, they are-
much more distinctly interrupted on the external margin and the sutures are:
somewhat more laciniated.

The available material is too scanty to determine the exact relationships of
Perisphinctes biplicatus. We have therefore to be satisfied at present with a
description of this species and postpone the elucidation of its relationships until
further opportunities arise.

Localities.—The three figured specimens are from Kibber. One specimen is.
from Sirkia, South Hundes, another one was found 3 miles west of Chikkim.
Finally there are two specimens from Shangra in the Schlagintweit Collection.

PERISPHINCTES, n. sp. ind. aff. BIPLICATUS, n. sp.

Apparently connected with Perisphinctes biplicatus are two specimens from
Kuti which are unfortunately badly preserved and which differ from Perisphinctes
biplicatus principally owing to their wider umbilicus and relatively lower volu-
tions. Thev bear a remarkable resemblance to Perisphinctes versicolor Trautsch.’
The Russian species is characterized by the anterior displacement of the. auxili.ary
lobes, whilst in the present instance they are strongly retrograde. It is possible:
that we have to deal only with a case of external similarity and not of close

relationship.

BOCHIANITES, P. Lory.
BoCHIANITES (GERARDIANTUS, Stoliczka sp.

(Plate LXXIX, fig. 3 a—Tf.)

. : . X, fig. 3.
Anisoceras Gerardianum Stoliczka, Memoirs, Geological Survey of India, V, 1866, p. 110, pl. X, fig

This remarkable species is represented only by a fra‘gment repr.ese.nting ;Ee»
middle portion of the shell; the earlier and later portions are misSing. ¢

: in hi rmhirskates.
1 A. Pavlow places this species together with Perisphinctes inversus and P. inverselokatus in his gcnus.t&md;‘:o ;.;upe
o ' : os :
(A. Pavlow Arg_:" de Speeton Bull. Soc. Imp. Natural de Moscou, 1891, p. 113, M. Pavlow, Ammoni

Olcost. vernicolor. Bull. Soc. Dmp. Natural de Moscow, ?336. p. 6.) o
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preserved middle portion shows two distantly placed septa near its commencement,
the remaining portion belonging to the body-chamber.

The shell is slightly curved in such a way that contrary to the ordinary rule
the antisiphonal side is feebly convex, whilst the siphonal side is slightly concave.
Besides this the shell has a slight curvature from right to left, a feature not
ordinarily observed in uncoiled forms. This irregular curvature of the shell sug-
gests that we have only to deal here with an unimportant accidental distortion,
“and that the shell of this species was essentially straight and rod-like. At the
lower end the cross-section is nearly circular; at the upper end the flanks and
antisiphonal face are slightly complanate.

The sculpture consists of simple, approximately straight, fairly stout ribs
which ascend from the antisiphonal towards the siphonal side and increase in
thickness in the same direction. On the antisiphonal margin they are reduced or
nearly interrupted; on the siphonal margin one can detect a feeble trace of a
narrow interruption of the ribs. There seems to be a constriction at the broken
anterior end.

The suture consists of a siphonal, an antisiphonal, and a lateral lobe. Between
these are two broad saddles which are subdivided almost symmetrically by small
secondary lobes. The lobes have a very simple configuration. The lateral and
antisiphonal lobes have a rather short and broad trunk which bears a short terminal
and two small lateral branchlets. The apices of the lobes lie at about the same
level.

Owing to the absence of the anterior and posterior portions, it is very difficult
to determine the genus of the fossil. Similar rod-like and helical types occur
both in the Dogger and in the Lower Cretaceous. The older forms such as
Spiroceras Quenstedt, Patoceras, A psorroceras Hyatt seem related to Parkinsonia
and cannot therefore be closely related to the present species, whose resemblance
to some of these fossils can only constitute another of those striking instances of
convergence which are not uncommon amongst Ammonoids. On the other hand,
the resemblance of the present species to the small uncoiled Ammonoids of the
Lower Cretaceous which I have designated as Leptoceras’, and also to the
Tithonian Ancyloceras Gimbeli Oppel and Ancyloceras gracile Oppel® seemns to
be connected with a real relationship. None of these forms, however, are likely
to be mistaken for the present species. o

As already noticed it is not impossible, and i.t is indeed prob.able that' ’?he
species above described possessed essentially a rod-like she}l. .On this supp951t1on
we shall have to look to the Lower Cretaceous genus Bochwnu:'es .for the pon%ts o.f
closest contact. Amongst the members of this genus, Bochianites neocomienss
d’Orb. 'sp. is very closely allied, and appears.to differ from the present spec.1es
merely on account of its somewhat closer-set ribs. Its resemblance to the Indian

1 Cephnl lenfaunn der Wernsdorfer Schichten, Denkschriften der kais. Akademie der Wissenschaflen, VYol. 46,
Cephalopod :

1943, p. 260.
2 Zittel. Aelteres Tithon, p. 233, pl. 26, figs. 1, 2,3.
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fossil c\‘mt‘x‘rms. the reference of the latter to Bockianites.’ Somewhat less marked
ts the similarity to Bockianites Weteringi G. Boehm and Bochianites Versteeghi
ti. Boehm® from the passage-beds between the Jurassics and Cretaceous of the Sula
Islands.

A definite opinion about the present form cannot be arrived at without
further material. In the meanwhile the most appropriate course is to unite it
with the genus Bockianites.

As far as its locality is concerned, Stoliczka remarks: “ It is undoubtedly
from the Spiti-shales, but the exact locality is not noticed; it was collected by
Capt. Hutton.” [

B.—BELEMNOIDEA.

The group of BELEMNITES (BELEMNOPSIS) GERARDI, Oppel.

The lower stage of the Spiti Shales is constituted by group of strata abound-
ing in Belemnites; at the same time numerous Belemnites occur also in the higher
strata. A closer examination has disclosed the fact that all these Belemnites
belong to one group, that of the Canaliculati, which we may designate as the group
of Belemnites Gerardi Oppel.

As early as 1833, Everest® figured these Belemnites, later on single specimens
were described by Blanford* as Belemnites sulcatus Mill., by Oppel® as Belemnites
Gerardi, by Stoliczka® as Belemnites canaliculatus Scivth. Belemnites Gerardi
was also recorded by W. Waagen’ from the Upper Kelloway and the Lower
Oxfordian of Kachh, and by A. Rothpletz® from Rotti.

It has not escaped Blandford’s attention that the dorsoventral diameter of
the rostrum of the specimens from the Spiti Shales is somewhat greater than that
of the European forms cited above. The comparatively strong lateral compres-
sion of the guard and the exceptionally deep and broad canal which extends right
down tc the tip lends to the specimens from the Spiti Shales a very striking and
characteristic appearance which fully justifies the special name given to them
by Oppel.

Neumayr® also studied Belemnites Gerardi. He placed this species, together
with Belemnites sulcatus Phillips, Belemnites absolutus Pander, and Belemnites
rolgensis d’Orbigny, in a special group, that of the “ Absoluti,” which, in contra-

1 P. Lory. sur le crétacé inf. du Dévoluy et des ‘régions voisines. T'rav. du laboratoire de Géologie de I’Univ. de

Gremohle, IV, 1898, p. 129,

2 Palaeontographica, Supplement IV, 1904, pp. 26, 27, pl. 11, figs. 5, 6.

3 Memorandum on the fossil shells discovered in the Himalaya Mountains. Asiatic Researches, 1833, vol. 18, pl. II,
fig. 17.

¢ Journal, Ariatic Society, XXXII, 1864, p. 125, pl. I, figs. 1, 2 a—c. Palmontology of Nitti, 1865, p. 76, pl. 10.

$ Palsenntolog. Mitteilungen, II, 18685, pp. 273, 296, pl. 88, figs. 1—3.

S Memoire, (3rol. Survey of India, Calcutta, 1866, V, pp. 111, 112.

7 Palaosiologia Indica, Ser. IX, I, Jurassic Fauna of Katch, vol. I, 1, p. 13, pl. 1], fig. 3.

8 Palasostographica, vol. 39, pp. 104, 106.

? Ferbandlungsn der (Feologischen Reichsanastalt, 1889, p. 52.
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distinetion to the * Canaliculati ” were supposed to be characterised by the absence:
of the ostracum lamella, by the obscuration or entire disappearance of the canal
towards the alveolar extremity of the rostrum and finally by the supposed circum-
stance that concentric rings of the rostrum were interrupted by the canal. That
this peculiarity of the canal is not to be found in Oppel’s original specimen has
nlro:.ldy been pointed out by Rothpletz who, howevef, has observed it in other
specimens.

Neumayr's views were emphatically opposed by G. Boebm' who declared that
Belemnites Gerardi is a genuine Canaliculatus.

As far as the canal is concerned I can entirely concur with the correctness of
G. Boehm’s assertions. The individual concentric rings of the guard show regular-
inflexions at the canal; the specimens in which the canal seems to cut right through
the concentric rings are old specimens and, as already remarked by G. Boehm,
this feature most probably results from an exfoliation of the thinned-out lamelle -
at the edges of the very deep canal.

With respect to the ostracum lamella G. Boehm did not have the opportunity
of making any decisive observations, and the Spiti Shale material is not in a
suitable condition for investigating the delicate ostracum lamella. The canal of
the forms belonging to the group of Belemnites Gerardi is so deep that it frequently
causes the rostrum to split, and thus prevents the examination of the delicate
ostracum lamella. Some observations, which, unfortunately could not lead to-
any definite result, were made on a specimen which, although attenuated to a
certain extent in the direction of the alveolar extremity, appears to belong to the
Belemnites Gerardi group. At that part of the specimen where the investigation
was carried out the alveolus has a dorsoventral diameter of 14 mm., whilst the-
diameter of the rostrum is 21 mm. The canal experiences here a slit-like contrac-
tion, and the individual concentric layers of the rostrum bend round nearly at
right angles as they approach the narrow canal. On the inner surface of the:
canal we observe a calcareous lamella which seems to thicken towards the canal
and apparently belongs to the ostracum. It is not possible, however, to ascertain
clearly whether the substance of this calcareous mass penetrates into the rift of
the canal.

A similar thickening of the inner side of the canal is also to be observed in
another specimen with an alveolar diameter of 11‘8 mm.; but in this case the-
thickening, clearly belongs to the fibrous mass of the guard. This tallies exactly
with G. Boehm’s illustration of a specimen from Misol (loc. cit., p. 54, text-figure
19). | |

The problem concerning the ostracum lamella does not yet admit of a solution
and should be made the subject of special pal®ontological investigation. The:
uncertainty regarding this point does not, however, preclude our uniting the
Gerardi group with the European Canaliculati, as has been ]ate}y advocated by. |
G. Boehm. At present there do not exist safe grounds for merging the Gerard:

1 Palaeontographica, Supplement A, TV, pp. 53—53.
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group ivto that of the dbsoluti nor to ascribe to this group, which is so rich in
individuals, a Russo-Boreal derivation in accordance with Neumayr's ideas.

Oppel and Waagen looked upon Belemnites subhastatus, as the closest ally of
Belemnites Gerardi, but G. Boehm has suggested that the latter is perhaps nearer
related to Belemnites canaliculatus. The length of the canal of Belemnites

‘Gerardi and the fact that the cross-section of the rostrum of this species undergoes

po distinct attenuation near its alveolar extremity favour a comparison witk
Belemnites canaliculatus. Nevertheless the special features of Belemnites
‘Gerardi entitle it to a position of specific independence both with respect to
Bolemnites canaliculatus and Belemnites subhastatus.

Far more difficult than the elucidation of the relationships of the Gerardi
group to other groups is the systematic distribution of the forms actually included
within the group. In addition to Belemnites Gerardi Oppel and Rothpletz the
following species probably belong to this group : Belemnites aucklandicus Hauer!
Belemnites africanus Tate, Belemnites tanganensis Futterer,’ possibly also
Belemnites kuntkotensis Waagen and Belemnites orientalis Waagen. Whether
Waagen's Belemnites Gerardi really corresponds with the Himalayan species is
somewhat doubtful, since the canal of this form is rather narrow, judgirg at least
from Waagen’s figure.

Of the greatest importance are those forms of this group which G. Beehm®
has describea from the Oxfordian of the Wai Galo and from the upper Lagoi on
Taliabu. G. Boehm distinguishes the following species: Belemnites alfuricus
G. Boehm, Bel. galot G. Boehm, Bel. taliabuticus G. Boehm, Bel. Sularum G.
Boehm, Bel. moluccanus G. Boehm. The differences between these forms, especially
between the first three, and again between the last two are, however, almost
imperceptible, as admitted indeed by Boehm himself, so much so that the differences
can sometimes scarcely be expressed in words.

As in the case of G. Boehm's specimens, those which I have had to deal with
are also very difficult to sort out. The horizons and localities from which the
various specimens were obtained, are evidently, in many instances, rather wide
apart. Very elongated slender forms occur side by side with moderately thick or
else very ponderous cylindrical ones, and the variety at first conveys the impression
that several species can be evolved from amongst this diversity of forms. But on
closer inspection we soon find that even the most extreme forms appear to be
connected with each other by every intermediate gradation. The difficulties are
further increased by the fact that in almost every instance the exact geological
horizon is unknown. Lastly, the material, although plentiful, is not very We.ll
preserved. The large alveolar fragments are invariably disconnected from their
respective rostrum and the fragmentary rostra themselves are often broken and
weathered.

! Reise der osterreich. Fregntte Novarn, Geolog., section I, pmt 11, p. 99, pl. 8, figs. 2, 3.

2 Beitriige znr Keuntniss des Jura in Ostafricn.  Zeitschrifi der deutsch. geol. Gesellsch. 1895, vol. 46, p. 30, pl. 5,
fige. 2, 3.

3 Palaeontographica, Supplement 1V, Die Siidkiisten der Sula Inseln Taliabu und|Mangoli, Stuttgnrr, 1907, p. 53, etc,
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Under such unfavourable conditions, I should have preferred to follow Oppel’s
example and unite all the specimens under the name of Belemnites Gerardi, re-
serving the attempt to discriminate between possible separate species until fresh
material has been collected with better regard to its stratigraphical distribution.
Since however the majority of the Spiti forms evidently correspond exactly with
the forms described by G. Boehm from the Sula Islands, we find ourselves com-
pelled to come to some definite decision with respect to these. We have attempted
to follow the diagnoses of G. Boehm, but have failed to attain satisfactory results.
It is far from improbable that the more slender forms which G. Boehm has
designated under the name of Belemnites alfuricus may eventually turn out to
represent a distinct species. On this supposition we have assigned the name of
Belemnites alfuricus to the most slender forms of the Gerardi group. All the
remaining forms have had to be united provisionally under the name of Belemnites
Gerardi for want of definable differences.

The relation of Belemnites Geradi to the forms from the Sula Islands is far
more distinct than to Belemnites africanus, Bel. orientalis, Bel. aucklandicus, and
Bel. tanganensis. In Bel. aucklandicus the canal is narrower and shallower, the
cross-section of the guard more nearly circular, the guard itself is smaller. The
rostrum of Belemnites tanganensis Futterer is slightly attenuated towards the
alveolar extremity indicating an approximation to the Hastati, and in connection
therewith the dorsoventral diameter of the middle portion of the rostrum is some-
what less than the transverse diameter. Belemnites africanus from the Neocomian
Uitenhage-formation exhibits the same external form as Belemnites Gerardi, but
the canal does not extend down to the apex of the rostrum. Belemnites orientalis
Waagen from the Dhosa Oolite possesses a conical rostrum and shallower canal.

Although we have to concede that these forms are specifically distinct, the
frequency of canaliculate Belemnites in the Upper Jurassic and perhaps also in
the Lower Cretaceous of the Indo-African and Indo-Australian regions deserves
special attention, as will be explained more in detail when stating the general
remarks on Belemnites Gerardi.

BeLEMNITES (BELEMNOPSIS) GERARDI, Oppel.

(Plate XCIII, figs. 1, 2, 5a, b, Tu—c, 9a, b, 10a—¢, 11, 12a, b, 13a, b; Plate
XCIII A, figs. la—c, 2a, b, 4a, b, 5a—c.)

The majority of the specimens of this exceedingly common species are of
medium size and correspond in their dimensions with those illustrated by Oppel.
Boehm’s Belemnites taliabuticus excellently represents tpis medium stage, in which
the guard has a diameter of 10—15 mm. This stage I c.onnected .by a complete:
series of transitional forms with thicker specimens in vx.fhlch the dlam(?ter of the
guard measures 20 to 28 mm. Thicker specimens of this kind are designated by
(¢ Boehm as Belemnites sularum and Belemm’te.s moluccanu.?. They are of: rarer
occurrence than the rostra of medium and small size. The existence of transitional



BELEMNITES. 3K7

forms and the absence of definable differences indicates that the less common,
stout, large specimens should in all likelihood be regarded as full-grown specimens
of the same species.  Moreover we not unfrequently find very small specimens in
which the relative breadth of the canal is very disproportionate as compared with
the diameter of the guard. The guard, at all stages, is more or less rod-shaped;
in young specimens the lower end is drawn out into g3 long, fine point, while in
old and thick specimens it is somewhat truncated and rounded. The cross-section
increases from the apex towards the alveolar extremity, at first rapidly, further on
very gradually and finally remains almost constant. There is only rarely a slight
tendency towards a hastate form, in which case one observes a very slight contrac-
tion of the cross-section at the commencement of the alveolus.

In immature individuals the cross-section is circular. Later on a slight
flattening sets in on the flanks and the dorso-ventral diameter becomes somewhat
greater than the lateral one. Although the difference between the two dimensions
is only slight, yet it communicates a characteristic appearance to the middle stages
of growth. In full-grown speciniens the cross-section acquires again a more cir-
cular shape and there is either no noteworthy difference between the dorso-ventral
and the lateral diameters, or the lateral slightly exceeds the dorso-ventral
diameter.

The ventral furrow is characterized by its remarkable breadth and depth. It
is bordered by bluntly rounded edges and reaches right down to the apex of the
guard, where 1t becomes gradually shallower, especially in older specimens. At
the alveolar end of some specimens the canal assumes the shape of a narrow and
deep groove. Lateral grooves, which, in general, are not distinctly developed in
canaliculate Belemnites, appear here also to be wanting. (Compare with the
description of Belemnites sp. ind. and with Pl. XCIII, fig. 8, and P1. XCIII A, fig.
3.) The apical line has a subcentral position.

The alveolus penetrates into the guard to a considerable depth, constituting a
cone whose angle is at first 15° to 14°, further on narrowing down to 13°. The
septa follow one another at first in close succession, but the distance between them
gradually increases until it amounts to as much as 8 mm. The last septa of the
largest phragmocones, which attain a dorso-ventral diameter of 60 mm., follow each
other again at somewhat closer intervals. The cross-section of the phragmocone
is at first subcircular, becoming gradually more elliptical, the dorso-ventral diam'e-
ter being appreciably greater than the lateral one. The longest amongst the avail-
able phragmocones were not found connected with any rostra, bui as already
pointed out by Blanford, there is every reason to believe that they belong to
Belemnites Gerardi as they agree in their characters with smal.ler phragm.o(.:ones,
undoubtedly belonging to this species, and also because Belemnites Gerardi is the
only common belemnite of the Spiti Shales. »

Belemnites Gerardi has btle)en found in many localities. The bulk of the
specimens oceur in the Belemnite Beds at the base of the Spiti Shales. StOhCZI.“f
already noticed the occurrence of the Belemnites at the boundary between the Spitl

Rhales and the Tagling Limestone. The majority of the specimens ofL the
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Schlag.intweit Collection examined by A. Oppel are from Kalabagh, where
according to Oppel they are found together with forms of Madrocephalites.
The la?tfer are probably forms of the Oxfordian Stage. The Belemnite Beds of
the Spl.tl Shales examined by Diener and Griesbach may well be referred to the
Oxfordian Stage, a subject which will be discussed at greater length in a subse-
quen.t cl.lap!:er. Belemnites Gerardi is, however, not restricted to this horizon,
but. Is distributed throughout the whole of the Lower and Middle division of the
Spiti Shales. It appears to occur even in the highest stage of the Spiti Shales;
at any rate we have before us a strongly weathered fragment from the Upper
Spiti Shalt.as of Lochambelkichak (Tithonian-Neocomian), which probably belongs
FO Belemnites Gerardi; the identification is, however, not quite certain. In the
1slands of Taliabu and Mangoli also Belemnites Gerardi occurs in Oxfordian
strata. The exact horizon of the occurrence at Rotti is not known.

Tpe locality of many of the specimens is unfortunately unknown. -In the
following we enumerate all the localities which are explicitly stated : Spiti Valley,
Niti, Chidamu, (Belemnite Beds); Chanambaniali, (Lower Spiti Shales); Kuti,
(lowest Belemnite Shales); Jandu, Sherik River, (Hundes); Ting Jung La,
(Hundes); Chikkim, (Spiti); Sirkia, (South-Hundes); Laptal; Chojan (2nd Stage);
Saddle of Manirang, (Spiti); between Ting Jung La and Chhota Hoti,

BeLEMNITES (BELEMNOPSIS) ALFURICUS, G. Boehm.

(Plate XCIII, figs. 3 a, b, 4, 6.)

Belemnites alfuricus G. Boehm, Palaeontographica, Supplement IV, Pl. VIII, figs. 4, 5, 7, 11, pp. 55, 57.

Certain rostra belonging to the group of Belemnites Gerardsi in its wider sense
are remarkable for their slenderness. The alveolus forms a more acute angle, the
guard is comparatively long and somewhat more strongly flattened laterally than
in the common form of Belemnites Gerardi. Even with a length of rostrum such
as would already correspond with a considerable thickness in the case of the normal
form of Belemnites Gerardi, the present form still maintains its slender outline.

The present form is perhaps even more slender than that illustrated by
Boehm. ' o
Immature specimens of Belemnites alfuricus can scarcely be distinguished
of Belemnites Gerardi at the same stage of development. A more
1 exploration of the Spiti Shales may perhaps enable us to
but at present there appears to be little hope

from specimens
careful stratigraphica .
formulate a more precise diagnosis,

snccess in this direction. ' | _ .
" ’l’]'he‘ slender build of Belemnites alfuricus recalls Belemnites kuntkotensis

0o istinguish the latter species from Belemnites
Waagen; it is easy, however, to distinguish the pecies .
Ifuricus owing 1o the more pronounced dorso-ventral depression of its rostrum
nrri T ’

and ita shallow canal.
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Belemnites alfuricus is represented by several specimens three of which were
found in Jandu, Sherik River. The original specimens are from ‘Spiti, but the
exact locality has not been noted.

BELEMNITES, sp. ind.
(Plate XCIII, fig. 8; Plate XCIII A, fig. 3 a—d.)

The collections from the Spiti Shales include a few belemnites which perhaps
indicate the existence of a second species in addition to Belemnites Gerardi. Of
the two figured specimens the larger one is distinguished by its conspicuously
hastate shape. At the alveolar extremity the canal is very deep, near the apex of
the guard it is very narrow and shallow. The flanks exhibit feeble, but distinct
traces of the lateral grooves. The alveolar portion of the smaller specimen is not
preserved, but a slight attenuation in an upward direction is nevertheless recognis-
able. In this specimen the canal is rather deep and the dorso-lateral grooves are
particularly distinct. In addition to these specimens there are two more frag-
ments also exhibiting the dorso-lateral grooves and showing a tendency towards
a hastate configuration.

The canal of the larger figured specimen exhibits the same characteristics
near its alveolar extremity as that of Belemnites Gerardi. Moreover the spect
men is greatly exfoliated near its upper end and not quite regularly developed,
conveying the impression that it may merely represent a pathological individual
of Belemnites Gerardsi.

The three other specimens which show a tendency towards the development,
of a hastate form are also characterized by the presence of dorso-lateral grooves,
and we know that these lines occur much more frequently and distinctly amongst
the Hastati than amongst the Canaliculati. It is therefore possible that these
specimens represent a separate species. Nevertheless, I feel inclined to look upon
them as pathological variations of Belemnites Gerardi. The available material
is too deficient to permit a definite settlement of the question.

Spiti Shales; exact locality not noted.

DipLocoONUS, sp. ind.
(Plate XCIII A, fig. 6 a, b.)

A single phragmocone appears to belong to the rare genus Diploconus and
deserves therefore a few words notice notwithstanding its deficient state of pre-
servation. The phragmocone tapers towards its lower extremity at an .anglt.a of
about 33°. The chambers increase very little in length in an upward direction;
they are usually lower than in the majority of Belemnites and are deﬂect.ed up-
wards on the dorsal side. Hence, a side view shows the septa not as horizontal

lines, but running obliquely towards the “axis” of the phragulocone;‘gThe
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Si.Ph“m?lt‘,. of which some traces still subsist (see fig. 8 b), is almost strictly mar-
ginal; it .lndicates the middle line of the ventral face. The exact shape of the
cross-section cannot be ascertained owing to a partial distortion of the specimen,
but generally speaking it is subcircular.

Unfortunately neither the guard nor the ornamentation of the phragmocone
has been preserved. The generic identification is therefore doubtful, but there
is a possibility of its belonging to Diploconus. The contrast with the phragmo-
cone of Belemnites Gerardi is very striking. At any rate, this specimen proves
that Belemnites Gerardi was not the only Belemnoid form of the Spiti Fauna.

Diploconus has been described by Zittel' from the Upper Tithonian of Stram-
berg. If the generic determination which at present is only conjectural should
turn out to be correct, the mediterranean element of the Spiti Fauna would there-
by be strengthened.

The exact locality of the specimen is not noted, but it is certainly derived
from the Spiti Shales.

1 Cephalopoden der Stramberger Schichten, p. 38, Pl. 1, figs, 14—17.
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APPENDIX TO THE AMMONOIDEA.

\ / OPPELIA (STREBLITES) CRASSICOSTATA, D, sp.

(Plate LXXVIII, fig. 2 a, b))

This species is on.ly represented by a fragment of a body-chamber 46 mm.
high and 18-8 mm. thick. Nevertheless it exhibits such characteristic features
that it can be specifically diagnosed and located in the subgenus Streblites not-
withstanding our ignorance concerning the suture.

The sculpture bears the closest resemblance to that of Streblites Griesbachi
n. sp., Streblites Kraffti n. sp., and Streblites 4dolphi Oppel, but is much more
pronounced. Whilst in the above-mentioned three species the ribs are only
slightly indicated, in the present species they project as massive folds on the
upper region of the flanks. The spiral ridge is also more pronounced and the
tubercular crest on the external margin, although incompletely preserved, is more
prominent and stronger than in any other species. On the lower part of the flanks,
the ribs are only faintly developed, shallow grooves intervening at long intervals.
On the more anterior part of the shell the ornamentation becomes slightly reduced,
indicating the proximity of the oral margin, which, however, is not preserved.
The external margin in the anterior region appears to become a little broader,
depressed, and rounded, a feature which is in accordance with the characteristics
of the subgenus Streblites. The tubercular crest, which is still strongly developed
on the middle portion of the existing fragment, appears to become flatter and
finally obsolete on its anterior portion, supposing, of course, that this is not an
illusion resulting from the poor state of preservation of the specimen.

The ahove-described species is so well characterized by its prominent sculp-
ture that it can easily be distinguished from the most closely allied specles suc-h as
Streblites Adolphi Oppel, Streblites Griesbachi n. sp., Streblites Noul.zuysz G.
Boehm, and Streblites Kraffti n. sp. Since the available specimen consists of a
portion of the body-chamber, it seems that the present specles must hzjwe been of a
somewhat smaller size than Streblites Adolphi and Streblites Kraffte.

The specimen here described is from Hundes (Coll. T. L. Walker).

OPPELIA (STREBLITES) SPHENODOMA, Uhlig et Suess.

(Plate LXXXII, fig. 1 a—¢.)

(Sce p. 58, PL VI, fig. 3 a—d, of the present volume.)

Dimensions :—
. 825 mm.
Diameter . . ) . . . . . 184 ,,
WIdt«h 0{ umbﬂiou" * * y ' * ' . . . . . . 38 11
Height of ultimate whorl .. - - ,. . . . .« . .o238

Thirkness of ultimate whorl
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The above dimensions refer to a specimen from Kuti, which shows great
resemblance to Streblites sphenodoma, and had been overlooked in our descrip-
tion of the species. The fine small tubercles of the external margin appear to be
somewhat more distinctly indicated on the body-chamber of the present specimen
than on the original type; the present specimen is also considerably larger and its
umbilical edge less sharply marked. The other characters agree. The suture of
the larger specimen is apparently somewhat more ramified, but this feature is
almost certainly connected with its larger dimensions.

Although there is some discrepancy between the two specimens, the differences
do not seem to be sufficiently important to justify the creation of a new species.

The above-described specimen has its test partly preserved. About one-half

of the last volution belongs to the body-ckamber, the anterior part of which is not
preserved.

Locality.—Kuti (Coll. F. H. Smith).

OpPPELIA (STREBLITES) PYGM&£A, Uhlig et Suess.

(Plate LXXIX, fig. 4 a—d.)

(See p. 65, Pl. VI, fiz. 7 ; P1. VI, fig. 6, of the present volume.)

Among the fossils belonging to a later set examined by us there is an Oppelia
pyamea having a diameter of 13 mm. and ornamented with cxceedingly fine but
well preserved external tubercles. The specimen in question, in which a portion
of the body-chamber is preserved, has been figured for the sake of showing the
simplified suture which in none of the other specimens is so clearly visible. The
trunks of the lobes are comparatively broad and the simplification affects chiefly
the inner lateral branches of the first lateral lobe.

Locality—Kuti, Byans. Besides the figured specimen there are five others
from the same locality (Coll. F. H. Smith).

ASPIDOCERAS, sp. ind.

In the text devoted to the genus 4 spidoceras it has been stated that this genus
is represented by a single specimen only. Since the publication of this statement
a second specimen has been discovered also belonging to the group of the Inflati
(Physoderoceras Hyatt). The bad state of preservation of the small fragment
prevents us from deciding whether it belongs to A spidoceras avellanoides Uhlig
or to another species. It is from Jandu, Sherik River.

HoLCOSTEPHANUS (SPITICERAS) TOBLERI, n. SP.
\/ _ (Plate LXXIX, fig. 1 a—c¢.)

Dimensions :—
Diameter . . . 82'3 mm.
Width of umbilicus . . . . . - . . 29 "
Height of ultimate volution . . . . ) . . . .

Thickness of ultimate volution . . . . . . . . . .o@5
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ln spite of the large number of Spiticeras alread
jmpossible to unite the present species, latterl
anv of those already described. Tt is distin
narrowly umbilicated shell with
oblique umbilical wall.

y described, it is nevertheless
y discovered by T. L. Walker, with
‘ guished by a remarkably flat, rather
th a high, nearly elliptical cross-section and an
| The inner volutions too are comparatively flat. The
shape of the cross-section does not show any distinct change at successive stages,
which may be due to the fact that the only available specimen is a chambered
nucleus stopping short at the commencement of the body-chamber.

The last volution exhibits two obliquely disposed constrictions; round the
umbilicus there are 16 tubercles from which originate about 115 ribs, so that 7 or
8 ribs correspond to each tubercle. On the narrow external margin the ribs from
opposite sides meet at a distinct angle. The double-tubercle stage of the inner-
most volutions is recognisable up to a diameter of 18 mm. The external saddle is
very broad and subdivided by two secondary lobes, of which the inner one is some-
what shorter than tke outer one. The first lateral lobe has a comparatively nar-
row and short trunk, the second lateral lobe is disposed slightly obliquely and
constructed subsymmetrically.

Spiticeras Tobleri is closely related to Spiticeras subbilobatum, but is distin-
guished from it by its somewhat flatter and relatively taller volutions, its narrow-
er umbilicus, its more numerous tubercles and more numerous ribs. Moreover
the suture of Spiticeras Tobleri differs in the greater breadth of the saddles and
the subsymmetrical configuration of the second lateral lobe. In Spiticeras Tob-
leri the inner secondary lobe of the external saddle is shorter than the outer one,
while the opposite is observed in Spiticeras subbilobatum. Spiticeras obliquelo-
batum Uhlig and Suess has less numerous ribs and less strongly retrograde auxi-
llary lobes, narrower saddles and longer lobes, and a more wedge-shaped cross-
section. The present species differs from Spiticeras spitiense, Spiticeras sub-
spitiense and Spiticeras Groteanum by its more oval cross-section at the commence-
ment of the body-chamber, its flatter shell, its narrower inner volutions, fewer
ribs and various details in the suture. .

The high and slender volutions of the present §pecies recall S?’mcems Cm.w_
leyi Oppel, Spit. subcautleyi and Spit. planum. Since, however, in these specles
the number of ribs constituting a rib-bundle is muf:h less and the suture exhibits
marked discrepancies, it is not difficult to discriminate these species from Spite-
ceras Tobleri, i

Spiticeras Tobleri is represented by a single inner cast almost entirely cham-

bered. It is from Hundes.
HoLCOSTEPHANUS (SPITICERAS), SP. ind.

(Plate XXXVIII, fig. 7

i 5 xternal
The collection contains one large fragment with badly preserved ext

: 13) s Stanleyi, and exhibiting
““riace, probably belonging to the group of Sputiceras S Y g
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tl)e.dorsal portion of the suture in a remarkably fine state of preservation. We
notice a long antisiphonal lobe cut up into numerous lateral segments, on either
side of which is a somewhat curved internal lateral lobe and a retrograde internal
umbilical lobe consisting of three branches. The general disposition is identical
with that of the corresponding portion of the suture of Spiticeras obliquelobatum
Uhlig et Sues.s (Pl. XV, fig. 3), but the ramifications are more profuse.

The specimen is from the Spiti Valley; the exact locality is not recorded.

HoLCOSTEPHANUS (SPITICERAS), n. sp. ind.

(See Holcostephanus (Spiticeras) w, sp. ind., page 117, Pl IX, figs. 1 e—e, 3 a—d; PL VIII, fig. 5, of the present
volume.)

A specimen latterly received agrees well with those already referred to. Un-
fortunately it is too badly and too incompletely preserved to add much to our
knowledge of the species, but in any case it favours the impression that we have
to deal here with an independent, although insufficiently characterized species.

Locality —Kuti, Byans (Coll. F. H. Smith).

HoLcosSTEPHANUS (ASTIERIA) cf. coNvoLUTa, v. Koenen.

(Plate LXXVIII, fig. 1 a—c¢.)

Astieria convolute A. v. Koenen, Ammonitiden des norddeutschen Neokom. Abhandlungen der preussischen
geologischen Landesanstalt, Berlin, 1902, p. 146, PL. 39, fig. 4 a, 3.

Of this species only a body-chamber is preserved, so that its exact determina-
tion is at present impossible. Nevertheless, the specimen deserves a detailed dis-
cusslon.

The specimen may have had a diameter of 148 mm. and an umbilical width of
45 mm. The height of the last volution amounts to 57 mm., its thickness to 72
mm. ; the height of the penultimate volution is 38-5 mm. and its thickness 48 mm.
The present species has, therefore, a comparatively wide umbilicus and is moder-
ately inflated. The cross-section is rounded on all sides, its breadth somewhat
exceeding its height. From the pointed spines originate sharp, filiform ribs,
some of which commence actually at the spines, others between them, while addi-
tional ribs are also intercalated on the flanks. At the commencement of the last
volution there are about 7 ribs per spine, at its anterior portion about 10. The
body-chamber occupies the full length of a volution, but considering that the oral
margin is wanting, its length is really greater. Like Koenen’s 4 stieria convoluta,
the Indian specimen possesses 2 fairly uniformly convex shell. The costation
of the two cannot be exactly compared because the North-German species is repre-
sented only by the chambered nucleus, while the Indian form only exhibits the
body-chamber. It is true that the number of ribs per node is somewhat less in
A stieria convoluta, but since, as is well known, the number of ribs in all species of
Astieria tend to increase with age, this difference is probably not a specific one.
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similarly the steeper slope of the umbilical wall in the European Astieria convo-
luta is perhaps connected with the smaller size of the specimen.

We must thercfore regard the specific identity of the present form with
Astieria convolute as highly probable. In any case all other species of Astieria
are more remote.  The Indian species differs from A stieriq Schenki Oppel by its
flatter shell, relatively taller oral aperture, wider umbilicus and more densely
crowded ribs. The body-chamber fragment of 4stieria Schenki is considerably
smaller than that of Astieria cf. convoluta. There exists possibly therefore a
difference also in the size of the two species. A stieria ventricosqa Koenen (4.
multiplicata Neumayr and Uhlig') has a relatively higher volutional cross-section,
a narrower umbilicus and less crowded ribs. A4 stieria A therstoni Sharpe® devi-
ates by its wedge-shaped cross-section and its nearly perpendicular umbilical wall.
In .[stieria psilostoma Neumayr et Uhlig the costation is not so dense, the external
margin is more flattened, the body-chamber is shorter, the test much smaller. But
it is not impossiblc that the difference between the small species 4 stieria psilos-
toma with its short body-chamber and the large .dstieria cf. convoluta with its
long body-chamber may be only due to a difference in sex. For the present, how-
ever, such theorctical conjectures should not be allowed to influence systematic
considerations and we must therefore abandon any attempt at viewing the matter
from the standpoint of sexual differences.

The shape of (he cross-section and the rather dense crowding of the ribs recall
Astierie Miitreann d’Orb,” but the costation of the French species i1s much finer.
According to the statements of d’Orbigny and Baumberger dstieria Astieri has
higher and narrowcer volutions. We need scarcely take into account, for purposes
of comparison, the numerous fine ribbed types like dstieria filosa Baumb., A4 stie-
ria scissa Baumberger,* A stieria Baclelardi Sayn,” 4 stieria Chaignoni Sayn, nor
the smaller-sized .l ~tteria Biguet: Sayn, nor the almost non-tuberculate, somewhat
problematical forms which Karakasch® has lately described from the Crimea
(4. elegans Karak., 4. taurica Karak., 4. cadoceroides Karak.), nor finally 4
rariegata Paquier, 4. madagascariensis Lemoine and A. Wilfried: Karak.

The discovery of the chambered nucleus of the present species would be neces-
sary in order to confirm the specific identity of the Indian and North-German
species. In any case there can be no doubt about their close relationship.

According to .\. von Koenen 4 stieria convoluta occurs in the zone of Hoplites
radiatus in the lowermost Hauterivian or Middle Neocomian. We may conjecture
that A stieria cf. convoluta likewise occupies a Neocomian horizon within the
Spiti Shales.

Locality.—Lochambelkichak.

' Neumayr and Ullig. Uils-Ammonitiden, Palaeontographica, XXVII, p, 150, PL. XXXV1II, fig. 2.
* Descrivtion of fossils from the Secondary Rocks of Sunday River, South Afrien.  Transacf. Geol. Soc. London Ser.

11 VoL VI p. 198, PL XX11L, £g. 1
3 Matliéron, Recherches pal. dane le midi de 1a France, PL. B :0, fig. 8.
' Donkachriften Schireiz. pal. Ges:llschaft, Vol. 34, 1907, p. 29, 31.
* Bull. 8cc. géol. Franee, Sme, oér. XV1I, 1859, Pl. XVII, p. 879.
Soc. Imp. des Natural. de St. Pclerborg, Vol. XXXII, fase. 3, 1907.
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PLATE XLIX.

Fig. 1 a—d. PERISPHINCTES (VIRGATOSPHINCTES) STBFPREQUENS n. Sp.
Page 327. Internal cast, with the body-chamber preserved. Natural

size. la, Lateral view. The lobes figured here indicate the position
of the ultimate septal wall. 10, View of the external periphery. I,
1d, Cross-sections. See also pl. LXI, fig. 1 a—d. From Chidamu.

T'ig. 2 a—d. PERISPHINCTES (VIRGATOSPHINCTES) DISCOIDES N. SP.
Page 337. Specimen with the body-chamber preserved. Natural suze.
2a, Lateral view. 2b, Apertural view. 2¢, View of the external per-
phery. 2d, Suture. From Chidamu.
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PLATE L.

Fig. 1 a—d. PrrisPHINCTES (VIRGATOSPHINCTES) RAJA 1. SP.
Page 316. Internal cast. Natural size. la, Lateral view. The last
whorl belongs almost entirely to the body-chamber. 1b, Apertural

view. lc, View of the external periphery. 1d, Suture. From
Chidamu.






.PLATE LI.
A‘"\ > s “l AV VRV »_!i-
I'ig. 1 a—d. PERISPHINCTES (¥H*€OSTIITSTTES) OPHIDOIDES . SD.
Page 363. Specimen with part of the body-chamber preserved, and the
shell partly adhering. 1la, Lateral view. 1b, Apertural view. I

View of the external periphery. 1d, Suture. Chidamu, Chidamu
beds.






PLATE LII.
)
Fig. 1 a—c. PERISPUINCTES (VIRGATOSPHINCTES) ROTUNDIDOMA . sD.

Page 318. Internal cast. Natural size. le. Lateral view. Two-thirds
of the last whorl belong to the bodyv-chamber. It is not quite certain
whether the anterior margin represents the aperturve. 14, Apertural
view. l¢, Suture. The external periphery of this specimen is vepre-

Y sented in pl. LIII, fig. 1, Chidamu. Chidamu-heds,

-~ Fig. 2 u—d. PERISPHINCTES {VIRGATOSPHINCTES)' SERPENTINUS l. S].
Page 322. Internal cast. Natural size. 2¢. Lateral view. Two-
thirds of the last whorl belong to the hodv-chamber. 24, Apertural
view. The breadth of the aperture a~ shown by the artist isx 3°5 mm.
too narrow. 2c¢, View of the external periphery. 24, Suture.  Spih

Valley.
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PLATE LIII.
)
ig. 1. PErtseuiNeTes (VIRGATOSPHINCTES L ROTUNDIDOMA 1. SD. .
Page 318. View of the external periphery of the specimen figured on
pl. LII, fig. 1 ¢~—c. From Chidamu, Chidamu-beds.

()

. PERISPUINCTES (VIRGATOSPHINCTES) DENSEPLICATGS Waagen.
Page 313. View of the external periphery of the specimen figured on
pl. LIV, fig. 1. Shalshal, 2nd Stage (Chidamu-beds),

ig. 3 n—d. PERISPHINCTES (VIRGATOSPHINCTES) DENSEPLICATUS Waagen.

Page 313. Internal cast. Natural size. 3¢, Lateral view. 3. Aper-
tural view. 3¢, View of the external periphery. 3d, Suture.

(‘ompare with plates LIV, LV and LVI. From Spiti.

“ig. 4 a—d. PenispurNceres (VIRGATOSPHINCTES) KRAFFTI n. sp.

a3

Page 335. Internal cast. Natural size. Variety with narrow umbilicus.
4a, Lateral view. The body-chamber takes up nearly the whole of the
last whorl. 40, Apertural view. 4c, View of the external periphery.
4d, Suture. The representation of the suture line is not quite correct.
Compare with pl. LXII, figs. 1 a, b, 2 a—c. From Chidamu

(Chidamu-beds).
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PLATE LIV.

Fig. 1 a—c. PERISPHINCTES (VIL1ATGSPUINCTES) DENSEPLICATUS Waugen,
Page 313.  Internal cast. Nutural size. la, Lateral view. The
anterior quarter of the last whorl belongs to the body-chamber. 11,
Apertural view. 1lc, Suture. A view of the external periphery is
shown on pl. LIIT, fig. 1. Compare also pl. LY, fig. 1, and pl. LVI.
fig. 1. Trom Shalshal, 2nd Stage (Chidamu-beds).
Fig. 2 a—d. PERISPHINCTES (VIRGATOSPUINCTES) SIMILIS 1. S].
Page 322. Tnternal cast. chambered up to the end. Natural size. 20
Lateral view. 2b, Apertural view. 2¢. View of the external periphery.
2d, Suture. TFrom Spiti.
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PLATE LV.

Fig. 1 a—d. PErIsPHINCTES (VIRGATOSPHINCTES) DENSEPLICATUS Waagen.
Page313. Internal cast. Natural size. la, Lateral view. The body-
chamber begins at the end of the last whorl. 1b, Apertural view. g,
View of the external periphery. 1d, Suture. (See pl. LIII, fig. 1,
pl. LIV, fig. 1, and pl. L'VI, fig. 1.) From Shalshal, Chidamu-beds.

Fig. 2 a—d. PERISPHINCTES (VIRGATOSPHINCTES) DENSEPLICATUS Waagen.
Page 313. Specimen with the shell partly adhering. Natural size. 2a,
Lateral view. 2, View of the external periphery. 2¢, Apertural
view. 2d, Sutures. The stem of the first lateral lobe as represented
is somewhat too broad. From Laptal, Hundes.

Fig. 3 a—d. PERISPHINCTES (VIRGATOSPHINCTES) DENSEPLICATTS Waagen.
Page 313. Internal whorls, with deep constrictions. Natural size. 3a,
Lateral view. 30, View of the external periphery. 3¢, Apertural

view. 3d, Suture. Trom Shalshal, Chidamu-beds.
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PLATE LVI.

Fig. 1 a—c. PERISPUINCTES (VIRGATOSPHINCTES) DENSEPLICATUS Waagen.

Page 313. Internal cast. Natural size. la, Lateral view. The greater
part of the last whorl belongs to the body-chamber. 1b, Apertural
view. le, Suture. See pl. LIV, fig. 1, and pl. LV, fig. 1. Fron
Sirkia, South Hundes.

¥ig. 2 a—c. PERISPHINCTES (VIRGATOSPHINCTES) MINUSCULUS n. Sp.

Page 317. Internal cast. Natural size. 2a, Lateral view. The last
whorl belongs to the body-chamber. 2b, Apertural view. 2¢, View of
the external periphery. Spiti Shales.
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PLATE LVIL

Fig. 1 a—c. PERISPHINCTES BIPLICATUS 1. Sp.

Page 379. Internal cast. Natural size. la, Lateral view. The last
whorl belongs to the body-chamber. 1b, Cross-section. l¢, View of
the external periphery. See also pl. LIX, fig. 1 a—c. Spiti shales,
Kibber.

Fig. 2 a—d. PERISPHINCTES BIPLICATUS n. 8p.

Page 379. Internal cast. Natural size. 2a, Lateral view. Two-thirds
of the last whorl belong to the body-chamber. 2b, Apertural view.
2¢, View of the external periphery. 2d, Suture. Spiti shales,
Kibber.

Fig. 3. PERISPHINCTES cf. BIPLICATUS 1. Sp.

Page 380. Suture of a badly preserved specimen. Natural size. Spiti
shales.



Sur of India

Yeaanaic (HIMALAYA) PI LW

b e e

% -
Wads 49k ¢1 1 Albert Berger prini.



Fig

Fig

PLATE LVIIL

. 1 a—c¢. Horcosteruaxus (Sririceras) OPPELI 1. SD. _ . .

Page 121. Chambered nucleus. la, Side view. 1D, Apertural' view.
le, Suture. Spiti shales, exact locality mnot known. Schlagintweit
Collection, Munich.

. 2 a—c. HorcoSTEPHANUS (SPITICERAS) SCRIPTUS Strachey-Blanfox:d.

Page 112. 2a, Lateral view. 2b, Cross-section. ’20, Sture.. The
figures are drawn after a plaster-cast of Blandford’s type specimen,
illustrated in the Palzontology of Niti, pl. 16, fig. 2 a—c. Spiti
shales of Niti, exact locality not known.

.3 a, b. HEcticocEras KoBELLI Oppel sp. _

Page 25. 3a, Lateral view. 3b, View of the external periphery.
Drawn after a plaster cast of Oppel’s type specimen, 1llustrated 1
‘ Palaeontologische Mitteilungen,”” Vol. II, pl. 76, fiz. la, lc. From
Shangra, Gnari Khorsum. Schlagintweit Collection, Munich.

. 4 a—d. Hrcricoceras KoseLrr Oppel sp.

Page 25. Chambered nucleus. Natural size. 4a, Lateral view. 1,

Apertural view. 4c, View of the external periphery. 4d, Suture.

This is Oppel’s type specimen, illustrated in the ‘‘ Palzontologische

Mitteilungen,”” Vol. II, pl. 76, fig. 2 a, b. From Spiti shales.
Schlagintweit Collection. Munich.

Fig. 5 a—d. Hecricockras sp. nov. ind.

Iig.

Page 29. Fragment of the internal volution. Natural size. 5a, Lateral

view. 5b, Cross-section 5c, View of the external periphery. 5d,
Suture. From Sirkia, S. Hundes.

6 a, b. Horvrres (NEocoMITES) NIKITINT n. sp.
Page 255. Body-chamber showing the upper portion of the apertural

margin. Natural size. 6a, Lateral view. 6b, View of the external
periphery. Irom Lochambelkichak, Lochambel-beds.
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PLATE LIX.

a—c. PERISPHINCTES BIPLICATUS 1n. SP.
Page 379. Internal cast. Natural size. Half of the last whorl belongs
to the body-chamber. 1la, Lateral view. 1b, Front view. 1l¢, View

of the external periphery. See also pl. LVII, figs. 1--3. From
Kibber.






PLATE LX.

Fig. 1 a—c. PERISPUINCTES (VIRGATOSPHINCTES) MULTIFASCIATUS . SP.

Page 333. Internal cast. Natural size. 1o, Lateral view. The last
whorl as far as preserved, belongs to the hody-chamber. 15, View of
the external periphery. lc, Section of the body-chamber in outline.
Trom Jandu, Sherik river, Hundes.

Fig. 2 a—d. PERISPHINCTES ( VIRGATOSPHINCTES) KUTIANUS n. Sp.

Page 329. Fragment of the body-chamber, with apertural margin. 2q,
Lateral view. 2b, View of the external periphery. 2¢, 2d, Sections
of the body-chamber in outline. See also pl. LXXVI, fig. 1. TFrom
Laptal, Hundes.

a9
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PLATE LXI.

Fig. 1 a—d. PERISPHINCTES (VIRGATOSPHINCTES) SUBFREQUENS n. Sp.
Page 327. Chambered nucleus. la, Lateral view. 1b, Apertural view.

lc, View of the external periphery. 1d, Sutures. Compare with pl.
XLIX, fig. 1 a—d. From Sirkia, Southern Hundes.
Fig. 2 a—d. PerisPHINCTES (VIRGATOSPHINCTES) HAYDENI n. sp.
Page 334. 1Internal cast. Natural size. 2a, Lateral view. About
three-quarters of the last whorl belong to the body-chamber b,
View of the external periphery. 2¢, Cross-section of the posterior

portion of the body-chamber. 2d, Cross-section of the anterior portion
of the body-chamber. From Jandu, Sherik river, Hundes.
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PLATE LXII.

Fig. 1 a, b. PerispuiNcTes (VIRGATOSPHINCTES) KRAFFTI 1. sp.
Page 335. Internal cast. Natural size. la, Lateral view. The body-
chamber begins at the anterior portion of the last whorl. 1b, Suture.
See also pl. LIII, fig. 4. From Sirkia, Southern Hundes.

Fig. 2 a—c. PERIsPUINCTES (VIRGATOSPHINCTES) KRAFFTI n. sp.

Page 335. Internal cast. Natural size. 2, Lateral view. The body-
chamber begins at the anterior portion of the last whorl. 2b, Apertural
view. 2c, Suture. From the Spiti Valley (?)

Fig. 3 a—c. PERISPHINCTES (VIRGATOSPHINCTES) BURCKHARDTI 1 sp.
Page 332. Specimen with the shell partly adhering. Natural size. 3q,

Lateral view. 3b, View of the external periphery. 3¢, Cross-section
of the anterior portion of the last whorl. From Tongtak.
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PLATE LXIII.

Fig. 1 a—c. PeRISPUINCTES (VIRGATOSPHINCTES) FREQUENS Oppel sp.
Page 325. Chambered nucleus. Natural size. la, Lateral view. 1b,
View of the external periphery. lc, Suture. See also pl. LXXYV, fig.

1 a—-c and pl. LXXYV 4, fig. 1. Spiti Valley.

Fig. 2. PERISPIINCTES (‘“VIRGATOSPHINCTES) FREQUENS Oppel sp.

Page 325. Chambered nucleus. Natural size. Apertural view. Spiti
Valley.

Fig. 3 a—c. PERISPHINCTES (VIRGATOSPHINCTES) FREQUENS Oppel sp., var. ANGUSTUMBILICATA.
Page 325. Internal cast. Natural size. 3a, Lateral view. The body-

chamber commences at the anterior end of the whorl. 3b, View of

the external periphery. 3¢, Suture. TFrom Chidamu, Chidamu-beds.
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PLATE LXIV.

Fig. 1 a—c. PERISPHINCTES (VIRGATOSPHINCTES) HIMALAYANUS n. Sp.

Page 330. Internal cast. Natural size. la, Lateral view. The ultimate
whorl belongs mostly to the body-chgmber. The figured suture
indicates the position of the last septum. 15, View of the external
periphery. 1lc, Suture. From Chidamu, Chidamu-beds.

Fig. 2 a—c. PerisrHINCTES (VIRGATOSPHINCTES) HOLDHAUSI n. sp.

Page 323. Internal cast. Natural size. The specimen has suffered
somewhat from compression along its external margin. 2a, Lateral
view. The last whorl belongs mostly to the body-chamber. 2b, View

of the external periphery, the lower part of which is somewhat restored.
2¢, Apertural view. From Laptal, Hundes.
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PLATE LXV.

Fig. 1 a—c. PeRisPiiNCcTES (VIRGATOSPUINCTES) POMPECKII B. 8p.

Page 320. Specimen with purt of the body-chamber preserved. Natural
size. la, Lateral view. 1h, Apertural view. 1lc, Suture. The first
lateral lobe, as represented, is too short. North of Jandu, Sherik river,
Hundes.

Fig. 2 a—d. PeRISPHINCTES (VIRGATOSPHINCTES) sp. ind. aff. DENSEPLICATUS Waagen.
Page 324. Internal cast. Natural size. la, Lateral view. The body-
chamber begins at the anterior part of the last whorl. 2b, Apertural
view. 2c, View of the external periphery. 2d, Suture. From Spiti.
Fig. 3 a—d. Per1sPuINCTES (AULACOSPHINCTES) WILLISI n. sp.
Page 373. TFragment of interior volution. Natural sige. 3a, Lateral
view. 3b, View of the external periphery. 3c, Apertural view. 3d,
Suture. Compare with pl. LXXIII, fig. 1 a—c. From Gieumal.

{

’
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PLATE LXVL

_+ Fig. 1 a—d. PerrspHINCTES (VIRGATOSTIINCIES) INTERMEDIUS 1. SD. .

Page 319. Internal cast, with the shell partly adhering. Natural sjg
la, Lateral view. Two-thirds of the last whorl belong to the body.
chamber. 10, Front view. le, View of the external periphery. 1j
Suture. The first lateral lobe is drawn too short, it should bhe almost
as long as the external lobe. From Chidamu, Chidamu-beds.

Fig. 2 a, b. PERISPHINCTES (VIRGAPOSPHINCTES) INDISTINCTUS n. Sp.
Page 340. Internal cast. Natural size. 2a, Lateral view. The lat
whorl belongs for the most part to the body-chamber. 2b, View of the
; external periphery. From Laptal, Hundes.
-’L\*;.J;" / . Fig. 3 a—c. PERISPHINCTES (W-ULACOSPHENEPRS) INFUNDIBULUM 1. S].
) B Page 371. Young specimen. Natural size. 3a, Lateral view. 3},
\) Apertural view. The height of the aperture as drawn is 1 mm. tw

great. 3c, Sutures. See also pl. LXXII, figs. 1—4. Spiti shals.
Exact locality not known.

Fig. 4 a—c. PERISPHINCTES (AGELAGOSPHINGTES) cf. HUNDESIANUS n. Sp.
Page 374. Internal cast. Natural size. 4a, Lateral view. 4b, Aper

tural view. 4c, Suture. See also pl. LXXI, fig. 3, and pl. LXXII,
fig. 2. Chidamu, Chidamu-beds. |
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PLATE LXVII.

Fig. 1 a—c. PERISPHINCTES (AULicosprENeTEs) c¢f. ADELUS Gemmellaro.

Page 375. Internal cast. Natural size. la, Lateral view. About half
the last whorl belongs to the body-chamber. 1b, View of the external
periphery. 1lc, Apertural view. The trace of the median furrow at
the origin of the last whorl has been overlooked by the artist. From
Chidamu, Chidamu-beds.

~_ Fig. 2 a—d. PERISPHINCTES (VIRGATOSPHINCTES) INCERTUS 1. SP.

g Page 342. Specimen with the shell partly adhering. Natural size. 23,
Lateral view. Three-quarters of the last whorl belong to the body-
chamber. 2b, View of the external periphery. 2c, Apertural view.
2d, Cross-section. Between Ting Jung La and Chota Hoti.
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PLATE LXVIIIL

Fig. 1 a—c. PERISPHINCTES (VIRGATOSPHINCTES) SUBQUADRATUS n. Sp.
Page 338. Internal cast. Natural size. la, Lateral view. The ultimate

whorl so far as preserved, belongs to the hody-chamber. 1b, View
of the external perinhery. 1¢, Cross-section of the hody-chamber

From Spiti.

Fig. £ a—d. PERISPHINCTES (VIRGATOSPHINCTES) CONTIGUUS Zittel.
Page 339. Internal cast. Natural size. 2a, Lateral view. More than

three-quarters of the last whorl belong to the body-chamber. 2,
Apertural view. The aperture is drawn too high by 1'3 mm. 2,
View of the external periphery. 2d, Suture. From Laptal, Chidamu

beds.



towil Sy, of Indui.
JYRASSIC FOSSILS (HIMALAYA): PLILxwv.

lﬂ

d\{

2e¢

|

V$\biak 5 4 o diékle i mih Allbert Berger print.



PLATE LXIX.

Fig. 1 a—c. PERISPHINCTES (AL4coshHiNe?es) SMITH-WOODWARDI 1. SP.
Page 372. Specimen with the shell partly adhering. Natural size. la,

Lateral view. Nearly the whole of the last whorl belongs to the body-
chamber. 10, View of the external periphery. 1z, Cross-section in
outline. TFrom Spiti shales. Exact locality not known. ‘
Fig. 2 a—d. PERISPHINCTES (A##weoSPMINCTES) TORQUATUS, J. Sowerby sp. AN “ haae
Page 368. Internal cast. Natural size. 2a, Side view. The anterior
part of the last whorl belongs to the body-chamber, which is preserved
only on one side up to the apertural margin. The artist has unfortu-
nately illustrated the incomplete side of the shell. 2b, Apertural
view. 2¢, View from above, showing the expanded aperture. 24,

Suture. See also pl. LXXI, figs. 1, 2. From Laptal (?)

N
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PLATE LXX.
ANy

Fig. 1 a—c. PERISPHINCTES (AsiirooSisNess) SUBTORQUATUS N. SP.

| Page 367. Internal cast. Natural size. la, Lateral view.
i whorl belongs mostly to the body-chamber.
\

\

The last

15, Apertural view. I,
View of the external periphery. «From Laptal, Hundes.
N Fig. 2 a—c. PERISPHINCTES (A%#weosrrINCTES) PERRIN-SMITHI n. sp.
j Page 362. Internal cast. Natural size. 2a, Lateral view. 2b, View
¢ of the external periphery. 2¢, Cross-section. From Chidamu,
) Chidamu-beds.
N Fig. 3 a—c. PERISPHINCTES (AdimacosPs#sNe®ns) TIBETANUS n. SP.

Page 361. Internal cast with the body-chamber preserved. Natural size.
3a, Lateral view. 3b, View of the external periphery. 3¢, Cross-
section. From Laptal.

Fig. 4 a—c. PERISPHINCTES (A8EweosPmnesrs) TIBETANUS 1. sp.
Page 361. Internal cast.

Natural size. 4a, Lateral view. The last
w-horl belongs almost entirely to the body-chamber. 4b, Apertural
view. 4c, View of the external periphery. TFrom Chidamu, Chidamu-
beds.
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PLATE L‘\XI‘.r Ulle,  wan N 3 l_\ ‘
Fig. 1 a—d. PERISPHINCTES (65608 PHINCTES) TORQUATUS P-
Page 368. Internal cast of a chambered nucleus. Natural size. la,
Lateral view. 1b, Front view. 1lc, View of the external periphery.
! 1d, Sutures. See also pl. LXIX, figz. 2. From Chidamu, Chidamu-
(,,' beds.
v Fig. 2 a—c. PERISPHINCTES (ALLiCosRRINGEES) TORQUATUS J. de C. Sowerby sp.
Page 368. Internal cast, almost entirely chambered. Natural size. 2a,
Lateral view. 2b, View of the external periphery. 2¢, Sutures.
From Chidamu, Chidamu-beds.

Fig. 3 a—c. PERISPHINCTES (sk###€OS8PHINCTES) HUNDESIANUS N. Sp.

Page 374. Internal cast. Natural size. 3¢, Lateral view. The last
whorl belongs almost entirely to the body-chamber. 3b, Apertural

view.3c, View of the esternal periphery. See also pl. LXXIII, fig.
2 a—c and pl. LXVI, fig. 4. From Chidamu, Chidamu-beds.
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PLATE LXXII. / |
’ \ c'\‘m !".v-_u v \
Tig. 1 a—c. PERISPHINCTES (AULACOSPHINCTES) INFUNDIBULUM 1. §p. ™ “ .,K" ’

Page 371. Internal cast. Natural size. la, Lateral view. lb,. Aper-
tural view. 1l¢, View of the external periphery. Trom Chidamu,
Chidamu-beds.

Fig. 2 a, b. PerisruINciLs (AULACOSPHINCTES) INFUNDIBULUM D. SD.

Page 371. Internal cast. Natural size. Slender variety with narrow
umbilicus. 2a, Lateral view. The last whorl so far as preserved,
belongs to the body-chamber. 20, Cross-section. From Chidamu,
Chidamu-beds.

Tig. 3 a, b. PERISPHINCTES (AULACOSPHINCTES) INFUNDIBULUM 1. Sp.
Page 371. Variety with narrow umbilicus and less strongly curved ribs.
3u, Lateral view. Three-quarters of the last whorl belong to the body-
chamber. 3b, View of the external periphery. Sherik river, Hundes.

Tig. 4 a—c. PERISPHINCTES (AULACOSPHINCTES) INFUNDIBULUM D. SP.
Page 371. Variety with slightly curved ribs and broad external margin.
Internal cast of a chambered nucleus. 4a, Lateral view. 4b, View
of the external periphery. 4c, Sutures. Between Ting Jung La and
Chota Hoti.
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Co Fig. 1 a—c. PERISPHINCTES (seGimeospanerrs) WILLISI n. sp.

-~

PLATE LXXIIL

Page 373. Internal cast, with apertural margin preserved. Natural
size. la, Lateral view. The inner whorls are chambered as far as the
tractured surface. 10, Cross-section. l¢, View of the external peri-
phery. See also pl. LXV, fig. 3 a—d. Between Chota Hoti and Ting
Jung La.

Fig. 2 a—c. PERISPHINCTES («iikacospuiNePes) HUNDESIANUS n. sp.

Page 374. Internal cast. Natural size. 2a, Lateral view. More than
three quarters of the last whorl belong to the body-chamber. 2b,
Apertural view. 2¢, View of the external periphery. See also pl.
LXVI, fig. 4 a—c and pl. LXXI, fig. 3 a—c. Between Laptal and
Chidamu.

Fig. 3 a—c. PERISPHINCTES (AULACOSRHINCTES) sp. aff. EUPLOCUS Waagen.
Page 344. Specimen with the shell partly adhering. Natural size. 3a,
Lateral view. About half the last whorl belongs to the body-chamber.
3b, View of the external periphery. 8¢, Section of the bodv-chamber.
TFrom the Spiti shales. Exact locality not known.
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PLATE LXXIV.

Fig. 1 a—d. PERISPHINCTES (ULACOSRILIX(ILS) CHIDAMENSIS 1. $P.
The figured

Page 376. Internal cast. Natural size. la, Lateral view.
septum is the last onme. Three-quarters of the last whorl belong
to the body-chamber. 1b, Apertural view. lc, View of the external
periphery. 1d, Suture. From Chidamu, Chidamu-beds.

Tig. 2 a—f. PERISPHINCTES (rr¥++COSPHINTTES) SPARSICOSTA . SP.

Page 377. Specinien with the shell partly adhering. Nutural size. 2a,
Lateral view. About three-quarters of the last whorl belong to the
body-chamber. 2b, Apertural view. The great height of the aperture
1s caused by a slight compression of the anterior end of the shell. 2,
View of the external periphery. 2d, Suture. 2e, Cross-section at a
diameter of 89 mm. 2f, Anterior part of the penultimate whorl, at
the origin of the ‘‘ virgatotomous’’ ribs. From Chidamu, Chidamu-

beds.
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PLATE LXXV.

Fig. 1 a—c. PERISPHINCTES (VIRGATOSPHINCTES) FREQUENS Oppel sp.
Page 325. Specimen almost entirely chambered. Natural size. la, n -
Lateral view. 1b, Apertural view. 1lc, Suture. See also pl. LXIII, - G_\< Cova
figs. 1, 2, 3 and pl. LXXV-A, fig. 1. Between Ting Jung La and
Chota Hoti.






PLATE LXXYV A.

Fig. 1 a—c. PrrisruiNcres (VIRGATOSPHINCTES) FREQUENS Oppel sp.
Page 325. Internal cast. Natural size. la, Lateral view. Four-fifths
of the last whorl belong to the body-chamber. 1b, Section of the 7
anterior part of the body-chamber. 1c, Section of the posterior part A
of the body-chamber. See also pl. LXIII, figs. 1, 2, 3 and pl. LXXV, =
fig. 1. From Shangra. Schlagintweit Collection, Munich.



Sava widndiy
NURASSIC FOSSILS (HIMAL

»>
%
>

). PLIDXXVA.

|

Albert Berger print,
*a.arhmann o d Nt 8 5teIA 99



PLATE LXXVI.

Fig. 1 a—c. PERISPHINCTES (VIRGATOSPHINCTES) KUTIANUS n. Sp.
Page 329. Internal cast. Natural size. la, Lateral view. The body-
chamber begins at the suture-line shown on the figure. 1b, View of
the external periphery. 1¢, Cross-section in outline. See also pl. LX,
fig. 2. From Kuti, Byans.
Fig. 2 a—d. HoPLITES (SARASINELLA) sp. n. ind.
Page 242. Internal cast of chambered nucleus. 2a, Lateral view. 2b,
View of the external periphery. 2¢, Cross-section in outline. 24,
Sutures. Compare with Hoplites (Sarasinella) aff. subspinosus, pl.
LXXIX, fig. 2, a—d. Lingti river. Neocomian.



JYRASSIC FOSSILS (H.MALAYA) P1. 1%8<H

—— DERMPN worw.

|
e

Mbert Barger priat.
roe AR 49>



~
oA

PLATE XCII.

Fig. 1 a—c. PerISPHINCTES (VIRGATOSPHINCTES) LEMOINEI n. SP.
Page 343. Internal cast of chambered nucleus. Natural size. la,
Lateral view. 1b, View of the external periphery. 2¢, Cross-section.
From Shangra, Gnari Khorsum. Coll. Schlagintweit, Munich.
Fig. 2 a—c. PERISPHINCTES (dulikdosRuiNoTES) MAYERI 1. sp.
Page 368. Specimen with the shell partly adhering. Natural size. 2a,
Lateral view. Three-quarters of the last whorl belong to the body-
chamber. 2b, View of the external periphery. 2¢, Outline of cross-

section of the anterior part of the body-chamber. From Shangra,
Gnari Khorsum, Coll. Schlagintweit, Munich.
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PLATE XCIIL

el.
1 a—e¢. BELEMNITES (BELEMNOPSIS) Gerarpi Opp

Page 386. Immature specimen.
Section through near
From -Spiti shales.

L.

. 2. BeLEMNITES (BELEMNOPSIS) GERARDI Oppe. .

éage 386. Front view of an immature specimen.
Spiti shales.

.3 a, b. BELEMNITES (BELEMNOPSIS) ALFURICUS G. Boehm.

Natural size. la, Front view. 1b, ,
the upper and lower extremities of the rostrumj

Natural size. Fropg

Page 388. 3a, Front view of a young specimen. 3b, S.e(.:tion through
the rostrum at its lower end. Natural size. From Spiti shales,

. 4. BeLEMNITES (BELEMNOPSIS) ALFURICUS, G. Boehm.

Page 388. Front view. Natural size. From Spiti shales.

ig. 5 a, b. BELEMNITEs (BeLEMNOPs1s) GERARDI Oppel.

Page 386. 5a, Front view. 5b, Section through the rostrum at its upper

end. From the Spiti shales of Niti.

. 6. BELEMNITES (BELEMNOPSIS) ALFURICTS, G. Boehm.
Page 388. Front view of a specimen from the
size.

7 a—c. BELEMSITES (BELEMNOPsIS) GERaRDI Oppel.

Spiti shales. Natyral

Page 386. 7a, Front view. 7h, Side view. Tc, Section through the
rostrum at its upper end. Natural size. Jandu, Hundes.

. 8. BELEMNITES sp. ind.

Page 389. Pathological specimen of Belemnites Gerardi? Natural size.
From Spiti shales. (See also pl. XCIII-A, fig. 3 a—d.)

.9 a, b. BeLeMx1TES (BELEMNOPSIS) GERARDI Oppel.

Page 386. Specimen of normal size. 9a, Front view. 9b, Section
through the rostrum at upper end. From Jandu, Hundes.

. 10 a—c. BELEMNITES (BELEMNOPSIS) GERaRDI Oppel.
Page 386. Full-grown specimen. Natural size.

10a, Front view. 10b,

Side view. 10c, Section through the rostrum at its upper end. From

Jandu, Hundes.
- 11. BerLem~t1ES (BELEMNOPSIS) GERARDI Oppel.

Page 386. Section through the rostrum of a full-grown specimen. From

the Spiti shales.
- 12 a, b. BELEMNITES (BELEMNOPSTS) GERARDI Oppel.

Page 386. Full-grown thick specimen. Natural

12b, Section through the rostrum at j
’ 1ts u
Hundes. PP

13 a, b. BELEMNITES (BELEMNOPSIS) GERARDI Oppel.

Page 386. Full-grown specimen. Natural size.

Ijongitudinal dorso-ventral section of the rostr
From Jandu, Sherik river.,

size. 12a, Front viev.
er end. From Jandu,

13a, Front view. 13b.
um, with phragmocone.
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'PLATE XCIII A.

Fig. 1 a—c. BELEMNITES (BELEMNOPSIS) (FERARDI Oppel. - |
Page 386. Phragmocone of a full-grown specimen. Natural size. 1g,

Front view. 15, Lateral view. lc, Septum at lower end. Upper and
Middle Spiti shales, Kuti.
Fig. 2 a, b. BeLem~ites (BELEMNOPSIS) GERARDI Oppel.
- Page 386. Phragmocone of a full-grown specimen. Natural size. 2a,
Lateral view. 20, View of lower end. Between Ting Jung La and
Chota Hoti.
Fig. 3 a—d. BELEMNITES sp. ind.
Page 389. Immature specimen with well marked dorso-lateral grooves.
Natural size. 3a, Front view. 3b, ¢, Side view. 3d, Section through
the rostrum at its upper end. (See pl. XCIII, fig. 8.) From Spiti
shales.
Fig. 4 a, b. BELEMNITES (BELEM~OPSIS) GERARDI Oppel.
Page 386. Phragmocone of an old specimen. Natural size. 4a, Lateral
view. 4b, Septum at upper end. From Hundes.

Fig. 5 a—c. BELEMNITES (BELEMNOPSIS) GERARDI Oppel.
Pagfe 386. Phragmocone of a young specimen. Natural size. 5a, Front
view. 5b, Lateral view. 5¢, View of lower end. From Jandu.

Fig. 6 a, b. ?DipLocoNvUs sp. ind.
Page 389. Phr.agmocone. Natural size. 6a, Lateral view. 6b, View of
lower end, with a slight trace of the siphuncle on the right side. TFrom
Spiti shales.
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