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It is evident from this table that the upper-risssic beds overlying the

Muschelkalk are of great thickness in Spiti, and contain even a larger number of
fossiliferous horizons than do the sections of the Central Himélayas of Kumaon and
Garbwal examined by C. L. Griesbach and by myself. On the other hand, large and
representative faune are rare. There is no upper-triassic fauna known from 8piti
which could bear comparison with the fauns of the Halorites limestone of the
Bambanag secticn, or with the Tropites limestone of Byans. The majority of upper-
triassio horizons in Spiti are poor in fossils, and the fossils themselves are often
badly preserved or fragmentary. Some compensation for this is found in the
eXistence in Spiti of a smail vumber of horizons rich in fossils bitherto unrecorded
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from the Himélayas. It is the ladinio stage especially which has yielded an interest-
ing fauna closely allied to the homotaxial faunse of the Alpine region.

The rich collections made in the upper-triassic rocks of Spiti in 1898 and 1899
were examined by A. v. Krafft as far as they appeared to be of stratigraphical
importance. A large number, however, were lef} undetermined. Owing to
the sudden death of Dr. A. v. Krafft the triassic fossils collected by Hayden in the
summer of 1901 also remained unexamined. All those collections, comprising the
ladinic, carnic, and noric faune obtained from Spiti since 1898, were submitted
to me for examination. My work has been facilitated by the preliminary studies
of A. v. Krafff, but the most difficult part, the description of new species of
brachiopods and bivalves, and the determination of the Ammones leiostraca, has
entirely devolved upon me.

In the description of such species as bave been examined by A. v. Krafft, the
original determination, based on his labels and somewhat scattered mnotes, will
always be quoted. The descriptions themselves have been disposed in this memoir
according to different horizons, and the plates have been so arranged that illustra-
tions of fossils from the same rock-group are included in one plate. This treat-
ment of fossils according to their stratigraphical horizon will enable the reader to-
get a better view of the palaontological character of every well-established horizon
possessing a distinet fauna.

I.—FOSSILS FROM THE LADINIC STAGE.

(TorMoST BEDS OF THE MUSCHELKALK GROUP, DAONELLA SHALES, DAONELLA
LIMESTONE.)

A. v. Krafft’s examination of the fossils collected from the topmost beds of the-
Muschelkalk group and from the overlying heds has proved the existence of a
rich fauna of Jadinic age in Spiti. '

Besides Daonelle Lommeli Wissm., Daonella indica Bittn, and Spérigera
hunica Bittn., the following species of Cephalopoda have been enumerated by A. v..
Krafft (General Report, Geological Survey of India, for 1899-1900, p. 208) :—

Joanniles cf. cymbiformis Walf,
Proarcestes bicsnctus Mojs.

Ceratiles nov. 8p. aff. himdlayano BIfd.
Arpadites cf, Strackeys Mojs.
Rimkinstes Nitiensts Mojs.
Hungarites nov. sp, ind.

2 aff. Mojsisoricss Boeckh,
Prolrachyceras Archelans Lbe,
» aff. ladinum Mojs.

Gymniies Ecks Mojs.
Ptychites Gerards BIfd, ( = P. posthumuns Mojs.)
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All the specimens mentioned by A. v. Krafft under the above names are before
me, and besides these another series of examples, which had not then been deter-
mined by this author.

ECHINODERMATA.

CRINOIDEA.

TRAUMATOCRINUS sp. ind, PL II, figs, 12, 13.

1889. Trasumatocrinus 8. v. Woehrmann, Die Fauna der sogeaannten Cardita und Raibler Bchiobten, Jahrb.
K. K. Geol. Reichsanst., XX XIX Bd., p. 180, Taf. V, fig. 7.

The presence of the genus Traumatocrinus (=Porocrinus v. Dittmar) in the
Daonelia limestone of Spiti is of special interest because it is strongly in favour of
a correlation of this rock-group with the crinoidal limestone of the Shalshal clift
where Traumatocrinus is the chief leading fossil.

Fragments of stems have been collected in the Daonella limestone near Kigid
and W. of Lilang. ‘I'hey closely resemble the forms illustrated by K. v. Dittmar
(Benecke’s Geognost. palsont, Beitraege, Bd. I, Taf. XX, figs, 1, 2) and by
S. von Woehrmann, The segments of the column are circular, very narrow, and
joined together most intimately. Their surface exhibits the cross-shaped orna-
mentation characteristic of the genus 7Trauwmatocrinus. The points of fusion
between the two systems of lines are marked by circular pores, corresponding
to the terminations of numerous funneis which intersect the joiunts at regular
iutervals,

I bave not succeeded. i getting a clear view of the surface of a joint with its
radiating furrows and numerous canals, the rhombohedral cleavage invariably
‘interfering with any attempt at separating the joints along their original base.

BRACHIOPODA.

SPIRIGERA HUNICA Bittn. Pl II, figs. 9, 10.

1899. Spirigera kunica Bittner, Himalayan Foss,, Vol. III, Pt. 2, p. 31, Pl VI, figs. 8-18.
1600. Spirigera hunica A. v, Krafft, General Report, G eol. Surv. of India, for 1899-1900, p. 210.
Spiréigera hunica has been described by A. Bittner from the beds with Daonella
‘indica of the Shalshal cliff and from Dogkwa Aur encamping ground in Tibet.
1t bas also been found in Spiti at several localities by H. Hayden and A. von
Krafit. )
Two specimens belonging to the typical form have been illustrated in figs. 9
apd 10. My materials are not large enougli to add anything of importance to
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Stoliczka’s type-specimen is too badly preserved for establishing its specific
identity with the present example.

LAMELLIBRANCHIATA.

DaoxNerra Lommerr Wissm. Pl ITI, figs. 1-5.

1841. Halobia Lommeli Wigemann, in Wissmann und Graf Muenster, Beitraege zur Geognosie und Petre-
factenkunde des sitdoestlichen Tirol, p. 22, Taf. X VI, fig. 11.

1858, Posidonomya Lommels Stoppani, Petrifications ' Esino, Paléont. Lomb., p. 93, Pl. 17,fg. 8.

1874. Davnella Lommel: E.v. Mo)sisovics, Die triadischen Pelecypodengattungen Halobia und Daonells,
Abhandl. K. K. Geol. Reichsanst,, V1I, p. 19, Taf, 1I, fgs. 13, 14

1892. Halobia Lommeli Rothpletz, Die Perm-Trias und Juraformation auf Timor-und Rotti, Palwonto-
graphica, 39 Bd.,, p. 93, Taf. XIV, figs. 11, 12.

1898. Halobis Lommeli Salomon, Geologische und Palmontologische Studien tber die Marmolada,
Palwontographiea, 42 Bd., pp. 83, 114, 154, Taf. V, figs. 2, 2.

1899. Daorella of. Lommeli Bittner, Himdlayan Fos, Vol. 111, Pt. 2, p. 33, Pl. VI, fige. 1, 2.

1909, Daonella Lommeli A. v, Brafft, General Report, Geol. Surv. of Iudia, for 1899-1900, pp. 212, 213,

1901. Daonella Lommeli Bittver, Lamellibranchiaten aus der Trias des Bskonyerwaldes, Resultate der
wissenschaftl, Erforsohg. des Balatonsees, I. Bd. L. Th. Paleont. Anhaog, Badapest, p. 102.

The oecurrence of Daonella Lommelé in Spiti bas been established by Bittner,
who referred two valves from the beds overlying the Muschelkalk near Muth (coll.
Griesbach) to this species. Large materials have been collected by H. Hayden and
A. v. Krafft from various lccalities. Their specific identity with the Alpine
Daopella Lommeli may now he said to be indisputable.

Of the thin shelly substance fragments only have been occasionally preserved,
But numerous natural casts of the outer and inner sides of both valves are before
me, giving an exact picture of the outlines and surface of the shell. As in the
Wengen beds of Southern Tirol the casts are, as a rule, found packed together so
closely that it is very diflicult to extricate an unbroken specimen from the large
number of confusedly imbedded examples. The slab of rock illustrated in fig. 1 is
a good instance of this mode of preservation. The outlinés are rarely complete.
They have been drawn from the plaster cast of a left valve infig. 4. The difference
between this specimen and the type from Wengen, illustrated in P1. II, fig. 18, by
E. v. Mojsisovies, is insignificant, The hinge-line is a little less broad and the
position of the umbo is, perhaps, shifted somewhat more towards the middle in the
Himdlayan example, but otherwise the agreement is complete, especially so in the
character of fusion of the anterior and posterior margins with the hinge-line.

An exact idea of the hinge region is got from the specimen illustrated in fig. 8,
which consists of two gaping valves, still adhering to each other along the hinge-line.
This specimen clearly ‘shows the absence of any space free from ribs or furrows in
front of the umbo. There is no trace of a distinct rim, which acecording to Rothpletz
might be considered as an anterior ear or wing.

The ornamentation of my Indiac examples agrees perfectly with that of the
Alpine types. The majority of Hirdlayan shells is closely ribbed, tixe bifurcation

of the primary furrows beginning in the immediate vicinity of the umbo. But there
c
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are also specimens known to me in which this bifurcation does not arise earlier than
in the type from Wengen illustrated by E. v. Mojsisovies. This is, for instance,
the case in the beantifully ornamented cast from the Daonella limestone west of
Lilang, of which an illustration is given in fig. 2. In this specimen both the
primary and secondary furrows are cut in deeply, whereasthe ribs of third and fourth
ordér within the fasciculi are but weakly developed. In the majority of my Him4-
layan examples the difference between the primary and secondary farrows is more
strongly marlked. )

The regular decrease in the strength of furrows of different orders is-extrs-
ordinarily suall in a fragment of a right valve from the Daonella shales W. of
Lilang, which has been illustrated in fig. 5, Although the bundle-shaped arrange-
ment of ribs and furrows is still very distinctly marked, the strength of the different
kinds of furrows does not vary considerably. This is just the reverse of what is
seen in Daonella Lindstroemi v. Mojsisovies (1. ¢. p. 22, Taf. II, figs. 15-17), of
which the present specimen otherwise reminds one in the remarkable length of its
hinge-line.

The following measurements have been taken from the cast illustrated in fig. 3
whose outlines bave been almost completely preserved :—

Entire length of the shell N . « 3656 mam.
N heigh‘.. »” » . 0 ] 26 »
Length of the hinge-hue . . 2

In the Daonella shales of Kuling some specimens have been noticed which in
dimensions are not inferior to the laxrgest Alpine types from the Seiseralpe or from
Corvara. A left valve from this locality attains a length of about 120 and a
height «f 70 1am.

Locality and geological positéion.—The species is widely distributed in the
ladinic stage of Spiti, and is even more common than Daonella indéica Bittner, with
which it is {requently associated. I have examined specimens from the following
places and rock-groups :— ' '

(@) Daonclla shales :—EKuling, N. of Thabo, W. of Lilang, N. of Po., B. of

Muth.
(&) Daonella limestone.—W, of Lilang,

DaoNeLLA sp. ind. aff. LomMerLr Wissm. PL 111, fig. 8.

The cast of a left valve {rom the Daonella shales of Lilang differs so consider-
ably from the typical Daonclla Lommeli, that it canrvot be identified with this
species. It is distinguished by its strongly elongated outline, and by a remarkable
difference in the strength of the primary and secondary furrows. In both characters
the flimilayan example vecalls Daonelia Lindstroems v. Mojsisoviés (1. c. p. 22,
Pai. T7, figs. 15-17). Tuere are four to six furrows of irregular strength, inserted
betw: sn the primary furrows. Buf the surface of the ribs composing each bundle is
perfectly flat in the Indian type, whereas it is sirongly convex in D. Lindstroem:.
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The speoies seems to hold an intermediate position between Daonelia Lommeli
and D. Léndstroems or D. Sturi Mojs., agreeing with the two latier species in its
elongated shape and in the irregularity of secondary furrows, but agreeing with D.
Lommels in the arrangement of fasciculi and in the flat shape of its ribs.

Daovsira iNpica Bittner. Pl 111, figs. 6, 7, var,, fig. 10.

1899. Daonella i:nlica Bitiner, Himédlayan Foss., Paleont. Indica, ser. AV, Vol. 111, Pt. 2, ». 39, F1 VII,
1900. Da‘z;;l;%i;dim A. v. Krafit, General Report, Geol. Surv. of Indis, for 1899-1900, p. 208.

The occurrence of this species in Spiti has been established by Bittner.
Hayden and A. v. Krafft collected a considerable number of individuals, both in the
Daonella shalcs and in the Daonella limestone, but found the species less common
than Daonella Lommeli, with which it is frequently associated.

The two illustrated specimens agree in all their characters with the types
which have been figured by Bittner. The deseription given by this author and
based on extensive materials is so exhaustive that I have nothing to add.

The measurements of my largest specimen—a right valve from the Daonella-
limestone W. of Lilang (fig. 1)—are as follows :—

Entive length of the sheli . R « 72 mm.
,» height ”» . . . . 815
Length of the hinge-line . . . . 50 .

Locality and geological position : (a) Daonella shales.—E. of Muth, N. of
20, Kuling, Thanam valley.

(8) Daonella limestone.—W. of Lilang, Pankpolung, Rupshu

Daonella indica var.—In one of the specimens from the Daonella limestone
W.of Lilang (fig. 10) the bifurcation of primary ribs is restricted to the central
portion of the shell. The ribs adjoining the points of fusion between the hinge-line-
and lateral wargins remain undivided. Thus the ornamentation of the lateral
portions of the shell is characterised by a thin radial grooving only, recalling the
sculpture in D. Moussoni Mer.

I think tbat this specimen ought to be classed among the varieties of Daonella
sndica Bittn. The absence of any tripartite ribs does not permit an identification
with D. ¢yrolensis Mojs., which my specimen otherwise resembles in its considerable-
height and in the central position of its nmbo.

DaonNerra sp. ind. aff. Cassian® Mojs. Pl, 11T, fig. 9.

A large specimen of Daonells is closely allied to Daonella Cassianas v.
Mojsisovies (Ueber die triadisehen Pelecypodengattungsn Halobia und Daownella,.
Abhandl. K. K. Geol. Reichsaust., VII, 1874, p. 10, Taf. 1, figs. 2, 3, 13). It is-
& right valve with fairly well-preserved outlines, but its ornamentation jis partly

obscured by the adhering matrix, from which it could not be freed.
c %
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The outlines of this specimen are rounded, of nearly equal height and width.
The umbo is situated in the middle of the hinge-line and projecting very little above
it. The shell is strongly inequilateral, the anterior portion being considerably
inferior in size to the posterior one. The anterior and posterior lateral margins
meet the straight hinge-line in rounded-off angles.

The soulpture is of unequal strength in the umbonal and ventral regions of
the shell, and it gradually dies away in the vicinity of the hinge margins on both sides
of the umbo. The species therefore belongs to the group of Daonella Moussoni, not
to the group of D. {yrolensis, in which D. indica is included. There are about
fifty ribs counted along the periphery of the shell. They bifurcate very rarely
-and irregularly, and are all of equal strength and crossed by numerous striee of growth.
The weakening of the ribs in the direction towards the hinge margins is quite gradual.
There is no space in front of thc umbo distinctly marked off from'the rest of the
valve, The complete absence of an anterior ear marks our species as a represent-
ative of the triassic genus Daonella.

The measurements of this specimen are as follews :—

Entire length of the shell . . 61 mm
» height 9 ” . . -85 2»
Length of thelhinge-line . . 38 ”»

It is cLiefly Daonella Cassiana Mo)s. among the Alpine representatives of the
group of Daonells Moussoni which demands a closer comparison with our species.
Unfortunately D. Cassiana is ‘but imperfectly known. Two fragments of large
dimensions from the Ellipticus-beds of the Roethelstein (carnic stage) have beea
figured by E. v. Mojsisovics. A better preserved example of smaller size from
St. Cassian has been illustrated by Bittner (Lamellibranchiaten der alpinen Trias,
I. Revision der Lamellibranchiaten von St. Cassian, Abhandl. K. K. Geol.
Reichsanst., Bd. XVIII, Taf. IX, fig. 26), but this specimen is of very small
dimensions and does not, consequently, agree with the large Indian type in the
pumber of ribs. In their outlines the Alpine and Himdlayan forms seem to differ,
the latter being higher and more strongly inequilateral. But a fair comparison
between our species and D. Cassiana cannot be made at present on account of the -
insufficient materials so far available,

Locality and geological position.—Daonella limestone, Pankpolung, Rupshu.

CEPHALOPODA.
A. NAUTILOIDEA.

Pu10I0CERAS DELICIOSUM nov.sp. Pl II, fig. 7.

This species differs from the type of the genus Phkloioceras Hyatt, Nautilus
gemmatus v. Mojsisovies (Cephalopoden der Hallstaetter Kalke, VI-1, p. 11, Taf. IIT,
fig. 1) from the julic Hallstatt limestone of Aussee by some remarkable peculiarities
of its ornamentation. In Phloioceras gemmatum the sculpture consists of numierous
longitudinal ridges, roughened by tubercles, which die out gradually along the
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A. v. Kraft’s diagnosis of - this species is correet, so far as the inner volutions:
are concerned. In the two specimens available the inner whorls are fairly well pre-
served and accessible to observation, but the last or body-chamber whorls bave been
partly broken off. , If the inner nucleus of Ceratites Narsingha is compared with
the type-specimen of C. Hémdlayanus, as it has been illustrated on PL I, fig. 4, of
my memoir on the Cephalopoda of the Him4layan Muschelkalk (Vol. II,.Pt.2), the
similarity is, indeed, very remarkable. There is a complete agreement in the shape.
of the cross-section. The greatest transversé diameter coincides with the lateral
tubercles. The siphonal area is provided with a distinctly marked keel, and separ-
ated from the lateral parts by acute edges. The proportion of lateral and marginal
tubercles is the same as in Ceratites himdlayanus or in C. {rinodosus Mojs., two
marginal tubercles corresponding to one lateral tubercle. Umbilical tubercles are
entirely absent, but the radiating ribs reach as far as the umbilical margin. The
involution takes place outside the spiral line along which the lateral tubefcles are
arranged. This character, and the greater difference in the strength of marginal and
lateral tubercles, are the only characters of distinction between the two apecies.

This similarity is, however, considerably reduced if we examine the body-
chamber volution of the larger type, illustrated in fig. 1. In this whorl a very
considerable change in the spiral of involution is noticed. The involufion no longer
occurs exactly outside the row of lateral tubercles, but half-way between the lateral
and marginal tubercles of the penultimate whorl. Thus the umbilicus increases in
width more rapidly than does the height of the last volution, Thus the latter is-
comparatively less high-mouthed near the aperture than the preceding whorl.

At the same time the siphonal keel gradually disappears. It is faintly
marked near the aperture of the smaller specimen, but completely obscured in the
larger type (fig. 1). The marginal tubercles get very strong and become the -
predominant element of soulpture.

The lateral parts of the body-chamber whorl have suffered considerably from
weathering in my larger example. Obscure traces of lateral tubercles only could
be made visible, but it is impossible that the lateral tuberocles, if any existed, could
rival the marginal tubercles in strength.

No larger sized body-chamber specimen of Oeratites himdlayanus Blfd. being -
known, it is impossible indeed to decide whether a close relationship exists between

this species and C. Narsingha, as might be suggested from a comparison of the-
chambered nuclei.

Dimensionas.
Fre. 1,
Last whorl. Peanultimate whorl.
Diameter of the shell . . . o« 76 mm. 885 mm.
” ” ”» nml!llion. - . . . 98' ” 9 ”»
Height of the { above the umbilical sature . 285 ,, 13 o
. Inst volution{ » o precedingwherl . 24 105 -

Thickness of the last volution . aboat 19 ,, 12 .
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Sutures—Apparently brachyphyllic, but not known in detail.
Locality and geological position,~Daonelia shales, Thanam valley, Bashahr
N. of Po.

CeratiTES (?) WETsosI Oppel. Pl VI, fig. 1,

1865. Ammonites Wetsoni Oppel, Palmontologische Mitteilungen auns dem Masenm des Xgl. bayr. Stantes I,
p- 281, Taf. 36, fig. 2.

1895, Ceratites Wetsoni Diever, Himfilayan Foss,, Paleont. Indica, ser. XV, Vol. 11, Pt. 2. Cephalop da
of the Muschelkalk, p. 7, PL. 1, fig. 6.

A fragment as imperfectly preserved as Oppel’s type-specimen has been
collected by A. v. Krafft in the topmost beds of the upper Muschelkalk 8. E. of
Muth, Its dav lateral parts are provided with broad, indistinct folds,

The most remarkable character of Ceratites Wetsoni is its sutural line. As
has been explained by E. v. Mojsisovics and Philippi, this species recalls some
Ceratites of the German Muschelkalkh in the extraordinary width of the second
auxiliary lobe, which consists of a large number of rudimentary sutural elements.
But it recalls, perhaps still more strongly, some of Waagen's Meekoceratide
from the ceratite formation of the S8alt Range. That it belongs to the genus
Ceratites is altogether extremely doubtful, The sutural line of my fragment agrees
exactly with that of Oppel’s type-specimen.

1 have only mentioned this fragment, because it atfords, perhaps, a clue to the
true geological position of Ceratites Wetsond.

ARrPADITES cf. LIssARENsIS v, Mojsisovies, PL I, fig, 9.

1896, Adrpadites lissarensis E. v. Mojsisovies, Obertriadische Caplalopodentaunen des HimAlaya,
Denksohr. Kais. Akad, d. Wissensch, ynath. pat. Klassa, LXIII, p. 51, Taf, X1V, fig. 7.

1899. drpadites lissarensis E. v, Mojsisovies, Himdilayan Foss., Palmont. Indios, sere XV, Vol, 1II,
Pt.1; Upper-Triassic Cephalopoda fanve of the HimAlayas, p. 60, P1. X1V, fig. 7.

A specimen agreeing very closely with the type from the grey limestone with
Joannites in the Lissar valley has been collected in the topmost (passage) beds of
the Muschelkalk near Kdgd by Hayden. The sculpture of the inner volutjons is
somewhat more strongly developel, and the ribs are only very slightly curved.
Both umbilical and warginal tubercles are distinctly marked in the last whorl.
The ribs are very irregularly set. The median furrow is shallow, loss deep than the
marginal furrows accompanying the smooth external keels. The external area is
-comparatively wider than in the type from the Lissar valley.
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folds. In the body-chamber of the larger specimens the sculpture becomes gradually
obscured. It is in the middle stages of growth that it appears most distinctly
developed.

A constant character in all my specimens—more than twenty have been
examined altogether—is the development of a deep external furrow bordered by
smooth marginal keels. Those external keels are developed at early stages of
growth. In the small example from the Daonella shales of the Thanam valley
(fig. 6) they are already visible at the beginning of the last volution, corresponding
to a diameter of the shell of 9 mm. Marginal edges are, as a rule, not visible,
until a diameter of 18 mm. has been reached. In this character my specimens.
agrec perfectly with the description of Arpadites Stracheyi, as given by E. v.
Mojsisovies.

Dimensions.
Fie. 3. Fie. 4. Fre. 6.
Diameter of the shell . . 22 mm. 29 mm. 19 mm.
v » + umbilicus . 6 73 6 .
Height of the last volation . 10 ,, 13 7 »
Thickness ” » It . . 7 9 65 ” 7 29

Sutures.—No illustration of the sutures of drpadifes Rimkinensie bas been:
given by E. v. Mojsisovics, but only a short description, in which the sutural line of
this species has heen compared to that of 4. Ladon v. Mojsisovies (Cephalopoden der
Hallstaetter Kalke, Abhandl. K. K. Geol. Reichsanst., VI-2, Taf. CLIII, figs.6-7)«
On the whole the sutures of my specimens correspond with those of 4. Ladon,
and with the illustration of Arpadites Stracheyi (Ammonites floridus juv. Salter)
in the Paleontology of Niti, Pl. 8, fig. 3d, as given by Salter, excepting some
differences of minor importance.

The siphonal lobe is divided by a low median prowinence dividing it into two
single, pointed branches. Lateral lobes with deep incisions, the second considerably
deeper than in 4. Ladon. First auxiliary lobe coinciding with the.umbilical
margin and followed by a rounded auxiliary saddle.

Saddles brachyphyllic, serrated faintly and irregularly. In smaller examples
the sutures have barely passed the line between a ceratitic and a brachyphyllic stage
of development.

Locality and geological position: (a) Topmost (passage) beds of Muschelkalk.—
Kégé ; Banna, ¢.g., Thanam valley, Bashahr.

(8) Daonella shales.—Thanam valley, Bashalr.

Remarks.—The specific characters of Arpadites Stracheyi Mojs. are too insuffi-
ciently known to prove its identity with .47padites Rimkinensis, although there
is strong evidence in favour of such an identification. The obliquely ellipticat
shape of 4. Stracheyi is not a character of specific importance, specimens with.
elliptical and normal outlines being associated among my materials. Nor can any
importance be attributed to the smooth surface of the shell, the strength of ribbing

being subject to considerable variation in drpadites Rimkinensie and the sculpture
D
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being eventnally restricted to the inner volutions only, which are not known in the
type-specimen of 4. Strackeyi. The differences in the sutural line might well be
due to incorrect drawing.

Hunearires Prapor d’Archiac. Pl IV, fig. 11,

1860. Ceratites Pradot A’ Archiac, Histoire des progrés de la géologie, T. VIII, p. 260.
1882. Hungasites Pradoi E. v. Mojsisovics, Cephalopoden der Mediterranen Triasproviaz, Abhandl®
K. K. Geol. lleichsanst., X, p. 225, Taf. XXXII, figs. 7, 8, XXXIII, figs. 1, 2.

A species of Hungarites from thc Daonella shales of Spiti most strikingly
recalls the smaller examples of Hungarites Prado¢ illustrated by E. v. Mojsisovics
in P). XXXII of his above-quoted memoir in general shape and ornamentation.
It is a little smaller than the Spanish cxample illustrated in fig. 7, but otherwise
agrees perfectly, especially so in the high-mouthed aperture, in the presence of
a very small umbilicus, and of sharply defined marginal edges bordering the
carinate and roof-shaped siphonal area. The sculpture consists of faintly developed,
faleiform folds only. Traces of lateral tubercles are not visible.

The specimen is provided with a part of its body-chamber, oocupying exactly
-one-half of the last volution.

Dimenstons.
Diameter of the shell . 45 mm.
. » s umbilicus . . s .
Height of the ¢above the umbilical suture 25
last volation { » s preceding whorl 16 ,,
Thickness of the last volution . 10 ,,

Sutures.— Agreeing entirely with those of Hungarites Pradoi.

E. v. Mojsisovics mentions Hungarites Pradoi among the congeneric species
-distinguished by three lateral lobes. The correctness ‘of this statement caunot be
verified in my specimen. A semicircular arrangement of the sutures is faintly
marked, the lobes ascending slightly from the principal to the third lateral lobe and
sloping downward in the auxiliary series, which consists’ of two lobes and one
saddle. The siphonal lobe is broad, occupying the entire distance between the
two marginal edges. The main saddles are slender and slightly inflated near their
tops.

Locality and geological position. —Daonella shales N.-E. of Po. A fragment
belonging probably to this species has beeun ccliected in the topmost beds of the
Muschelkalk N.-W. of Muth by A. v. Krafft.

Remnarks.—1 cannot find any feature of difference between my Himdlayan
spccimen and Hungarites Pradoi. Hungarites Mojsisovicsi Boeckh, to which it
might aleo be compared, is provided with a wider umbilicus and with a more
-strongly marked sculpture, consisting of alternating stronger and wesker folds.
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In its involution this specimen agrees with Laube’s type from Agordo, the
whorls overlapping one another to a sma.ll extent only, thus enveloping the marginal
and the first lateral rows of tubercles. In the proportions of height and width of
the transverse section there is also a nearly complete agreement with Laube’s type-
specimen and with the Huugarian example from the Bakony, illustrated by E. v.
Mojsisovies on Pl. XXXI, fig. 1, of his above-quoted memoir.

The soulpture is very coarse, more strongly marked than in Laube’s type.
Among the examples illustrated by E. v. Mojsisovics, it is only the specimen from
Pozoritta (Taf. XVIII, fig. 1) which is still more strongly sculptured. In the
strength and in the details of ornamentation my specimen takes an intermediate
position between this and the beautiful type from the Wengen strata of Corvara,
illustrated by E. v. Mojsisovics on Taf. XVIII, fig. 2. The ribs are broad, coarse,
not very numerous and bifurcating rather rarely. There are six rows of spines
present. 'The external spines are somewhat elongated. The outermost thorns of
the lateral row are more strongly developed than the rest, with the exception of the
umbilical ones, which are broadly rounded tubercles.

The median furrow is narrow, and equal in width to the distance of the external
.and marginal spines. In the stronger development of the outer row of the lateral
spines our Indian specimen agrees exactly with the type from Corvara illustrated
by E. v. Mojsisovics on Pl. XVIII, fig. 2

The measurements of this specimen are :=—

Diameter of the shell . . . . « 106 mm.
»»  umbilicus . . . a7%6 ,,
Henght of the {above the umbilical sutnro . 49
lagt volution » » preceding whorl . 40
Thickness of the last volution . . . . 51

The sutures are but very imperfectly known to me. The saddles are brachy-
phyllic, with broadly rounded tops. |

This specimen has been collected in the Daonella shales of the Thanam valley,
Bashahr, by Hayden.

Two fragments of body-chambers from the Daonella. shales of the same locality
appear to be very closeiy related to’ this type.

Several specimens of smaller size approach Protrachyceras ladinum Mojs. in
the greater height of their cross-sections. One of those examples has been illustrated
in fig. 3. In the typical form the height and width of the transverse seotion
are nearly equal, whereas in this specimen the aperture is high-mouthed, a width
of 135 mm. corresponding to a height of 17 mm. It differs, moreover, from the
typical form of Protrachyceras Archelaus by its narrow siphonal part. The
slope fromy the external to the marginal row of spines is as steep as in P. ladinum.
On the other hand the rate of involution is much more considerable than in
P. ladénum. In the dimensions of the umbilicus—12 mm. corresponding to a

diameter of 38 mm.—the specimen is more nearly allied to P. drchelaus than to
P. ladinum.
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It must be borne in mind that E. v. Mojsisovics himself (1. c. p. 125) states
the two species to be very similar in young stages of growth, although they are
easily distinguishable in full-grown age. I havetherefore referred those intermediate
shapes to Protrachyceras Archelaus as cf. only. Besides the specimen illustrated
from the Daonella shales N. of Po, this type is represented in the Himdlayan
collection by two examples from the topmost beds of the upper Muschelkalk of the
Thanam valley, Bashahr.

In the Alpine specimens of Protrachyceras Archelaus, illustrated by E. v.
Mojsisovics, the rate of involution is subject to considerable variation. The
maximum rate of involution is reached in the example from Pozoritta (Pl XVIII,
fig. 1), the last volution of which overlaps the preceding one to onme-half its
‘height., In the majority of specimens the involution is much smaller. In one of
my Himdilayan specimens from the Daonella shales of the Thanam valley (Pl 1I,
fig. 3) the volutions overlap one another along their siphonal part only, the
umbilical suture not entirely concealing the outermost row of spines.

In this specimen the sutural line is partly accessible to examination. It
agrees with the sutures of the specimen from the Bakony illustrated by E. v.
Mojsisovics on Pl. XXXI, fig. 1. The saddles are brachypbyllic, but not interlaced

-strongly, as has been suggested by Frech.
The measurements of this specimen are as follows : —

Diameter of the shell . . . 67 mm.
’ ss » umbilieus . . 21
Height of the ¢abose the umbilical suture 2% .
last voluticn { » » preceding whorl 22 »
Thickness of the last volution . . . %,

Locality and geologicul position.—Daonella shales, B. of Muth; Thanam
valley, Bashahr.

Bemarks.—The type of Proirachyceras represented by P. Archelaus in the
Wengen beds of the ladinic stage ranges into strata of carnic age. A specimen
from the Raibl beds of the Schlernplateau in Southern Tyrol has been compared to
Protrachyceras Archelaus hy Koken, to P. Aspasia v. Mojs. by myself (Neues
Jahrb. f. Mineral, etc., 1901, Bd. II, p. 34, Taf. I, fig. 4). F. Frech (L c. p. 41)
attempted to base a distinction hetween the two species on the ckharacter of their
sutural lines, but my examination of the type-specimen of Protrachyceras Aspasia
could not convince me of the correctness of the fig. 1a, in which the sutures of that
species have been illustrated. Young examples of Protrachyceras Archelaus and
P. Aspasia v. Mojsisovics (Cephalopoden der Hallstaetter Kalke, Abhandl. K. K.
Geol. Reichsanst., VI-2, p. 631, Taf. CLXVIII, figs. 12, 13, CLXXI, fig. 1) can be
-distinguished with difficulty only. The example from the Daonella shales of the
Thanam valley, illustrated in fig. 3, and referred to P. Archelaus as cf., is also very
simiiar to P. Aspasia.
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their height. In its size, involution and sculpture this specimen (fig. 2) agrees most.
nearly with the type from the red Wengen limestone of Vamos (Bakony)
illustrated by Frech. The external, marginal, and umbilical spines are developed
more strongly than the lateral ones. The distance between the spirals of the mar-
einal and outermost lateral spines is equal to that from the innermost lateral to.
vmbilical thorns.

Dimensions.
Fie. 2. Fi1e.
Diameter of the shell . . . 80 mm. 86'6 mm,
» » s umbilicus . . 165 ,, 9 o
Height of the above the umbilica! sutare 40 , 16
last volution { » » preceding whorl 28 12
Tbickness of the last volutivn . . . 25 11 o

Sutures.—
Hlustrated by E. v. Mojsisovics in P1. XTIV, fig. 2.

Locality and geological position.—Daonella shales, Thanam valley, Bashahr;.
N. of Po. '

Prorracayceras cof. LoNgoBaArDICUM Mojs. Pl I, fig. 6: PL 1I, figs. 4, 6.

1882. Trachyceras longobardicum v. Mojsisovics, Cephalopoden der Mediterranen Triasprovinz, Abhandl.
K. K. Geol. Reichsanst., X, p. 126, Taf. XVI1I, figs. 4, 5, Taf. XXII, figs. 4, 5.

1899. Protrackyceras aff. longobardicum A. v. Krufft, General Report, Geol. S8urv. of India, 1898-89,
pp- 16, 18. ) ’

1903. Trachyceras longobardicum (Protrachyceras) Frech, Neue Cephalopoden ans den Buchensteiner,
Wengener und Reibler Schichtien des snedlichen Bakonyerwaldes, Paleeont. Anbang zom 1. Teil.
des 1. Bandes der Resultate der wissenschaftl. Erforschg. des Balatonsees, p. 27, Taf. VI, fig. 8.

1908. Protrackyceras of. longobardicum Diener, Hirchlavan Foss., ser XV, Pal. Ind., Vol. V, Pt. 2, PL XI1,
fig. 1.

In my memoir on the fauna of the Himdlayan Muschelkalk a large specimen
of Protrachyceras has been described, agreeing in all essential points of its shape.
and sculpture with P. longobardicum v. Mojs. It was collected in the Muschelkalk
N.-N. W. of K4gi by H. Hayden, probably in the passage beds between this.
group and the Daounella shales.

Fragments of large exawmples of Protraclyceras, resembling this example in
their dimensions and sculpture, have been found in Hayden’s collections from the-
topmost beds of the Muschelkalk near Muth, and from the Daonella shales N. of Po.
In one of those fragments only has the volution been preserved in its entire height
from the umbilical margin to the external row of tubercles. In this fragment
seven spiral rows of spines have been counted, corresponding to a height of the.
volution of 43 mm. In all those fragments the ribs are more delicate than in the
type from Kidgd. Their ornamentation agrces most nearly with that of the.
specimen from Esino illustrated by E. v. Mojsisovics on Pl XX, fig. 1, of his above-
quoted memoir. The externnl spines are more strongly pronounced than the lateral
and marginal ones. The uwmbilical tubercles are big, rounded knobs, exaetly as in.
the Alpine type-specimen from Esino.
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An identification of these fragments with Protrackyceras Ralphuanum:
v. Mojsisovics (Himélayan Foss., Vol. III, Pt. 1, p. 89, Pl. XVII, fig. 6), from
Grieshach’s “ horizon of Ammonites Aon’’ iu the Lissav valley, is not possible. E. v.
Mojsisovics noticed the considerable resemblance of his Indian species to Protra-
chyceras longobardicum in its shape and in the corresponding number of spiral
tubercies. But those tubercles are coarser and of larger dimensions than in
Protrachyceras longobardicum. To the strongly developed sculpture of Protrachy-
ceras Ralphuanum the delicate ribs and spines of my examples are in striking
tontrast.

To these three fragments of large dimensions, a small specimen from the
Daonella shales W. of Lilang (Pl 1, fig. 6) must be added. It agrees in its size-
with the small types of Protrachyceras ladinum, but is distinguished from them by
the greater numher of spiral rows of spines. Seven rows of spines are counted
corresponding to a height of the volution of 12 mm. only. This specimen recalls
especially the Hungarian type from the Bakony, illustrated by Frech.

PROTRACHYCERAS sp. ind. c¢f. REGOLEDANUM Mojs. Pl I, fig. 7.

An imperfect fragment of the outer volution of a small Ammonite has a great
similarity with Protrackyceras regoledanum v. Mojsisovics (Cephalopoden der
Mediterranen ‘Triasprovinz, Abhandl. K. K. Geol. Reichsanst.,, X, p. 132,
Taf. XXIX, figs. 6-8). It certainly belongs to the group of Zrackycerata falcosa.
Its lateral ornawmentation consists of very numerous and delicate ribs, having
a distinct falciformm bend as in Harpoceras. Bifurcations of those ribs in the
marginal region occur but exceptionally. Along the median furrow the ribs.
terminate in delicate external tubercles, which are elongated transversely.

Although there exists a close relationship between this species and the Alpine
group of Trachycerata falcoss, the incomplete state of preservation of the only
type-specimen available to me does not permit a specific identification.

Dimensions.—Not measurable.

Sutures.—Not known.

Locality and geological position.—Daonella shales, N. of Po.

ProTrRACHYCERAS nov. sp. ind. Pl 11, fig. 6.

This interesting species is, unfortunately, represented by a single, incomplete-
specimen from the Daonella shales W. of Lilang, whose preservation is not favour-
able for investigation. On the label accompanying this specimen it has been
designated by A. v. Kraftt as Trackyceras aff. margaritosum v. M ojs.

With Protrachyceras margaritosum v. Mojsisovics (Cephalopoden der Medi-
terranen Triasprovinz, 1. ¢. p. 127, Taf. LXXXII, fig. 1) it agrees in its involution,-
oross-section, and in the number of spiral rows of spines (7). The most prominent
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MyYSIDIOPTERA sp. ind.

A fragmentary cast of a right valve of large dimensions belongs most probably
to this genus. It recalls Mysidioptere wvizcostata Stopp. or M. Laczkdi of
Bittn., but is too badly preserved to allow of a specific determination. It basbeen
mentioned here to show that similar types of an undoubtedly triassic habit occur
in the Megalodon limestones of Chabrang.

M=EGaLopoN LiapaxmEeENs1S Bittner.

1899, Megalodon Ladakhen~is Bittner, Himal Foss.. Vol. II1, Pt 2, p. 65, PL. X11, ig. 2.
1800. Megulodon Tadakhensis A. v. Krafl, GGeneral Report, Geol Suvov. of India, for 1898-1960, p. 225.
A very large fragment of a Megalodon from the Para limestone N. of Hansi
agrees with this species in the reniarkable breadth of its umbonal half, looked at
in profile. On the label attached to it 1 find the name of Megulodon ladakhensis
in Bittner’s own handwriting. Tt is on the strength of his authority that I have
accepted this determination.

Mxricts sp. ind. Pl XXI1V, fig. 6.

A small species of Mylilus recalls Mytilus minutus Goldfuss (Petrefacta
Germaniae, P1. CXXX, fig. 6), but is a little narrower in the apical region and
perhaps also a little more strongly inflated. The steeply sloping anterior portion
of the shell is not emarginated.

The specimen—a lefi valve—is too imperfectly preserved for a miore minute

description and comparison.
Locality—Chabrang.

GASTROPODA.

Casts of Gastropoda are comparatively rare among the fossils from the
Megalodon limestone and are too imperfectly preserved for a detailed description
or illustration. A species of Naficopsis, recalling N. gradate Koken (Die
Gastropoden der Trias um Hallstatt, Abhandl. K. K. Geol. Reichsanst., XVII, p. 70,
Pl XI1, fig. 13) has been quoted by A. v. Krafft. The specimen from Chabrang
has neither its apex nor its aperture preserved. It agrees with N. gradata in the
presence of a flattened step, bordering the outline, hut differs in the shape of its
last whor}, which is higher and more globose.

FAUNISTIC AND STRATIGRAPHICAIL RESULTS.

The fossils deseribed in this memoir have been grouped on the basis of the
stratigraphical data supplied by Hayden and by A. v, Krafft into faunse of

lodinic, caraic, and noric age,
T2
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I. LADINIC STAGE.

In the Central Him4layas of Spiti the main mass of the upper Muschelkalk
containing the fauna of the zone of Ceratites trinodosus Mojs. (anisic stage) is
followed by beds including faunse of ladinic age. The apparent break in the
sequence of triassic faunsee in Painkhdnda between the anisic and carnic stages is
bridged over in Spiti. The representation of ladinic deposits in Spitihas been fully
ascertained by Hayden and A. v. Krafft.

The most typical representative of a ladinic fauna in the Himélayas is the
fauna of the Daonella shales.

The Daonella shales are a series of thin-bedded, black shaly limestones and
carthy shales, with some hard, brown-weathering limestone beds, about 160 feet in
thickness and ‘following perfectly conformably upon the topmost beds of the upper
Muschelkalk, being intimately connected with them stratigraphically. Daonella
Lommels Wissm. and Daonella éndica Bittn. are distributed throughout the entire
thickness of this rock-group. Towards the base it is also rich in Cephalopoda.

There are, on the whole, 30 forms known up to the present time from this
horizon, seven, however, being too imperfectly preserved to permit a speocific. deter-
mination, The fauna consists of the following species :—

Daonella Lommels Wissm.

” sp. wnd. affs Lommels Wissm,

» sndvca Bittn.
Spirigera kunsca Bittn.
Riynckonelia cf, Theobaldiana Stol.
Ceratites Narsingha nov. gp.
Arpadites Rimksnensis Mojs. (=Sérackeyt Mojs.? ).
Hungarites Prados Mojs.
Thanamites nov. gen. bscuspidatus nov. sp.
Rimkinites Nitiensis Mojs.

»» Edmondii Dien.

Anolestes cf. Duczkdi, Dien,
Protrachyceras Archelaus Lbe,

» Spitiense nov. sp.

" ladinum Mojs.

” ¢f. longobardicum Mojs.

. sp. ind. ¢fs regoledanum Mojs.
»” 709, 8P, ind.

Sturia sp. tnd.
Gymnites calosoma nov, sp.
” sp. tnd,
Pinacoceras sp. ind. aff. Damest Mojs,
Ptychstes Gerards Blid,
Joannites ¢f. proavus Dien.
s 8p. tnd. of. tridenitnns Mojs.

» Kossmatt nov. sp.
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Proarcestes bictnctus Mojs.

» ¢ Balfouri Opp.

»  8p. tid. aff. esinensis Moje.

»  8p. tnd. (ezx sectione bicarinatt Mojs.)

Among them five species only are new and have not been deseribed hitherto.
These species are—

Ceratites Narsingha.
Protrackyceras Spstsense,
Thanamstes bicuspidatus.
Joannites Kossmati,
Gymnites calosoma.

Thanamites bicuspidatus belongs to a genus of rather strange aspeot in a
mesogoic fauna, rather recalling the palsozoic Ammonites in its simple sutures,
which are especially distinguished by a narrow and bifid lateral lobe.

Nine speocies are identical with forms already known from the triassic deposit
of the Him4layas, but never found as yet in extra-Indian territories. Two of them,
Ptychites Gerardi Blid. and Proarcestes Balfouri Opp., are leading fossils of the
upper Muschelkalk in Painkhdnda and Spiti. Two species—Rhynchonella Taeco-
baldiana Stol. and Proarcestes bicinctus Mojs.—are restricted to the ladinic beds of
Spiti. Five species are identical with forms from the Traumatoerinus limestone of
the Shalshal cliff or from the dark limestone of the Ralphu glacier in the Lissar
valley, which have been correlated with the carnic stage by E. v. Mojsisovics.

These species are as follows :—

Daonella vndica Bittn.
Spirigera hunica Bitta.
Arpadstes Rimkinensis Mojs,
Rimkinites Netsensis Mojs.
» Edmo ndie Dien.

Not less than eight species are identical with or referable with great prob-
ability to Alpine species characteristic of the zone of Protrachyceras Archelaus
(longobardic substage). These species are—

Daonella Lommeli Wissm.
Hungarites Pradot . Mojs,
Protrackyceras Archelaus Lbe,

» ladsnum Mojs.
» ¢f. longobardicum Mojs.
” sp. ¢f . regoledanum Mojs.

Anoleites ¢f. Laczkoi Dien.
Joanntles sp. cf. tridentinus Mojs.

Joannites ¢f. proavus_Dien. ranges from the upper Muschelkalk into the ladinic
stage. .

The eight specics enumerated above are peculiar to the Wengen beds of
Europe. Some among them, as Daonclla Lommeli, Protrachyceras Archelaus, or
P. ladinum, are the most characteristic leading fossils of that horizon. This fact
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points very strongly in favour of a homotaxis of the fauna of the Daonella shales
with the fauna of the Wengen beds of the Eastern Alps. A smwall number of new
species shows closer affinities to 8. Cassian and Raibl than to Wengen species..
Among them are Joannites Kossmati, which is very nearly allied to Joannites
Joannts Austrie, and Gymmnites calosoma, which differs from &. Breunneri by
some subordinate details only. But on the whole the relationship to Wengen
species prevails so remarkably that the fauna of the Daonella shales must be re-
garded as homotaxial with the longobardic {Wengen beds), not with the cordevolic
(St. Cassian) substage.

As has been stated by Hayden, in Spiti the passage from the Muschelkalk into
the ladinic stage is litholugically such a gradual one that were it noi for a change
in the faune it would be difficult to define the horizons. The topmost beds of the
Muschelkalk near K4g4, Muth, and in the Thanam valley, although stratigraphieally
connected most intimately with the main mass of the upper Muschelkalk, contain
» fauna of a decidedly ladinie aspect. The following species occur in those passage
heds :—

Spirigera hunica Bittn.
Cerutites () Wetsoni Opp.
Aroadites of. lissarensis Mojs,
Rimkinensis Mojs.
Hangurites Predoi Mojs. {?)
. 2pe bk aff. M ojsisoviesi Breckh,
Protrachyceras Spitiense Dien.
» ef'. longobardicwin Mcjs,
Tharamites licuspidatns Dien:

” Baunensis nov, sp.
Rimkinites Netiensis Mojs.
" Ebnondis Dien,

Sturia sp. tnd.
Piyehites Gerardi Bld.
Megaphyllstes Jarbas Muenst.
Jounivites Kossmati Dien.

5 ¢f. procvus Dhen.
Proareestes of . Balfours Opp.

In this fauna ten speeies are identical with forins from the Daonella shales, Of
the remaining specics one (Thanamites Bannensis) is new, but belongs to a genus
ranging into the Daonclla shales, one (Ceratites Wetsoni) is probably restricted to
the topmost beds of the Muschelkalk, one (Proarcestes Balfourt) oocurs in the
upper Muschelkalk. Ptychites Gerards is common to the upper Muschelkalk and
to the Daonella shales. One species (drpudites lissarensis) has been noticed in the
grey limestone of the Kalphu glacier by E. v. Mojsisovics, one (Monophyllites
Jarbag) is chiefly found in the strata of St. Cassian and Raibl, but is of small
stratigrapbical valuc,

This examination of the fauna will suffice to show that the topmost beds of
the Muschelkalk group must be emrelated with the ladinic, not with the anisic,
stage.






Mounophyilstes cf. Wengensis Klipst.
Joannites Kossmats Dien.
»  ¢f. Kiipstetns Moje.

Of these forms it is chiefly Daonella Lommels which points to a ladinic agey
that is to say, to the zone of Protrachyceras Archelaus, this bivalve being the most
characteristic leading fossil of the Wengen beds, and of the Marmolata limestone
of the Bastern Alps and restricted exclusively to this horizon. To this species must
be added Rimkinites Nitiensts and Joannites Kossmati, which the Daonella lime-
stone has in common with the underlying Daonella shales. Daonella sndica has
been found both in the Daonella shales and in the bed overlying the Trauma-
tocrinus limestone of the Shalshal cliff. Monophyllites Wengensis is a species of
ladinic age in the Alpine Trias.

But with those forms of ladinic aspect several types are associated, which seem
rather to point to a youoger age. Such species are: ZTraumalocrinus sp. ind.,
Joannites cf. Klipsteini, Daonella aff. Cassiane, Phlotoceras deliciosum, the two
species of Celtites and Styrifes (7) lilangensis. The three genera T'rauwmatocrinus,
Phioioceras, and Styrites have as yet been found in the carnic stage only.

The association of Wengen and St. Cassian types in the Daonella limestone, the
lower portion of an isopic mass of dark limestones of about 300 feet in thickness,
induces me to suppose that both horizons—homotaxial equivalents to the longo-
bardic and cordevolic substages of the Alpine Trias—are represented in the
Daonella limestone, and there is a gradual passage from the longobardic substage
with Daonella Lommeli into the julic substage with Halobia comata.

Whereas in Spiti the ladinic stage has yielded a large and representative fauna,
it is so poorly developed in Painkhdnda, that in the classical sections of the
S8halshal and Bambanag cliffs it has been overlooked completely by Griesbach and
by myself. As I had stated in my description of the Shalshal cliff section, the upper
Muschelkalk is overlain by a series of well-bedded jimestones, lithologically identical
with the Ptychites beds and distinguished from them omly by the abundance of
crinoid-stems belonging to the genus Zrcumatocrinus. This is the Traumatocrinus
limestone, above which follows a bed full of bivalves described as Daonella indéca
by Bittner.

The sequence of bedsis as follows :—

3. Bed with Daonella tndica, Norella Kings,

Norella tibetbica, Spirigera hunica.

2. Traumatocrirus limestone with :
Rignchonella Rimlkinensis Bittn.
Aulacothyris nilangensis Bittn.

Joannites of. cymbiformis Wlf,
Trackyceras tibeticum Mojs
Arpadites Rimkinensia Mojs.
Eutomcceras (= Discotropites) aff. Plinss Moja.
Iscutstes ¢of. Heims Mojs.
Rimkinstes Nitiansis Mojs.
1. Upper Muschelkalk with Ptyckefes iv. sp.
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'lhe fauua of the Traumatocrinus limestone was declared by E. v. Mojsisovics
to belong to the zone of Trachyceras Aonoides (middle carnic substage) chiefly on
the strength of the occurrence of Joannites cf. cymbiformis Wuif. and of T'racky-
ceras tibeticum, the latter species being closely allied to 7. ausériacum of the

Aonoides zone. TFrom this T was obliced to eonclude that the ladinic and lower
carnie stuges wore either not developed at all in the seotions of PainkbAnda or ouly

represented by deposits extremely small in thickness and so poor in fossils that they
had remained ununoticed.
But for all tbat the ladinic stage is not missing entirely in Painkhédnda.

In the year 1900 the late Dr. A. v. Krafft had an opportunity of revigiting the
Shalshal ard Bambasag cliffs. On close examination he found in the Shalshal
chiff between the Ptychites beds of the upper Muscheikalk and the Traumatoe-
rinus limestone a series of thin-bedded, concretionary limestopes with shaly
partings, about 2B feet in thickness, in which Ptychifes is apparently absent.
Neav its base this series yielded a few fossils, which have been determined by A. v.
Krafft as follows : 1—

Duonella tndica Bittn.

" ¢ oblsqua Maojs.

Spirigera huniea Bitto,

Trackyec ax 3p.

Lobites (7} sp. aff. aberrans Mojs.

A re-examiuation of the materials collected by A. v. Krafft proved Daonella
indice to be represented more numerously than the rest of the fossils, all of which
are rather poorly preserved. The specimen referred to Deuonella obliqgue Mojgs.
{(Abhandl K. K. Geol. Reichsanst.,, VII, p. 21, Taf. 1], fig. 5) is indeed very similar
to this Alpine form from the Wattersteinkalk. It differs from it only by its
strize being a litfle broader and perhaps also less numercus. The examples deter-
mined as Lobifes are representatives of the genus Ceitites, closely allied to C. ¢ri-
gonalis and C. perawriius from the Daonella limestone.  There is also a specimen
of Juannifes among the msterials from the beds in question, which I am not able
to distinguish from J. ¢f. proavus Dien. ranging from the Muscheikalk into the
Daonella limestone.

The ahsence of Ptychites and the presence of Daonella indica and of
Spirigera hunica are two argumeuts strongly in favour of a correlation of the beds
intermediate between the npper Muschelkalk and the lraumsatocrinus limestone
with the Jadinic stage. Llaonella indics and Spirigera hunica are, it is true,
comnion to the ladinic and carnic stages (Daonella shales and Traumatocrinus
limestone), but Joannites ¢f. proavus Dien. points to a stratigraphical position lower
in age than the carnic stage. The faun: of this group is therefore of some strati-
graphical imporilauce, in spite of its smallness.

The Traumatoerinus limestone is also present at the Bambanag cliff, but the
ladinic beds have not been found there by A. v. Krafft, As to Byans we must

t Mapuseript sutes,
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suppose that the ladinic stage is included in the thick limestone mass above the
chocolate limestone of lower triassic age, but no evidence has so far been obtained.

The ‘I'raumatocrinus limestone of the Shalshal cliff has so far been considered
as middle carnic (zoue of Trachyceras Aonvides) by E. v. Mojsisovics. A.v. Krafft
does not agree fully with that learned author in the identification of the leading
Ammonites of that rack-group. On re-examination of the type-specimens he found
the two examples referred to Joannites cymbiformis Wulf. as ¢f. by E. v. Mojsiso-
vies to differ considerably from the Alpine type, ove specimen in its sutures, the
other in the absence of varices. Nor did the presence of Trachyceras tibeticum,
a new species, although closely allied to the carnic Trackyceras austriacum, appear.
to him to be of a decisive importance for a correlation of the Traumatocrinus
limestone with the middle carnic stage.

A. v. Krafft’s own collections from the Traumatocrinus limestone of the
Bambanag and Shalshal cliffs are very poor in well-preserved fossils, but among
them a good specimen of Joannites Kossmati has been found, showing the two deep
cast-furrows characteristic of this species. With A. v. Krafft 1 agree in refuting
the reference of the Joanniétes described as J. of. cymbiformis by E. v. Mojsisovics
to Wulfen’s Alpine species, but must admit that Trachyceras tibeticum, although
being specifically differcat from J. ausériacum, does point very strongly to a
carnic age of the Traumatocrinus limestone. The occurrence of Eutomoceras aff.
Plinii and of Isculites ¢f. Heimi is also conclusive proof of a carnic age.

On the other hand the discovery of the fauna of the Daonella limestone of
Spiti has revealed some remarkable affinities to the fauna of the Traumatocrinus
limestone of the Shalshal cliff.

Besides the genus Traumatocrinus, which is restricted to the carnic stage of
the Mediterranean region, the following forms are common to the fauns of both
horizons :—

Daonella indica Bittn.
Arpadites Rimkinensis Mojs.
Bimkinites Nobienses Mojs.
Joannites Kossmati Dien.

The three Ammonites give a rather old aspect to these fauns, all of them
being species which range from the topmost beds of the Muschelkalk group into
the carnic stage. It is therefore not easy to decide whether we may designate the
Traurnatocrinus limestone as cordevolic or julic, although E. v. Mojsisovies has-
been undoubtedly right in considering it to be of carnic age.

A rock-group which has been included in the same stratigraphical horizon
with the Traumatocrinus limestone by E. v. Mojsisovics is the dark, grey,
Cephalopoda bearing limestone of the Ralphu glacier in the Lissar valley, desig-
nated as horizon of dmmonites don by Griesbach. The fauna of this group consists
of the following species :—

I' Daonellz 1ndica Bittn.

Adrpadstes lissarensis Mojs.
Lrotrachyceras Ralphuansm Mojs.
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limestone of the Shalshal oliff, is certainiy younger in age than the Daonella shales
of 8piti, where D. indica is associated with D. Lommeli and Protrachyceras
Archelaus.

11.—~CARNIC STAGE.

In Spiti a continuation of the black Daonella limestone has been separated by
‘Hayden and A. v. Krafft from this group as a distinct subdivision, owing to the
apparent absence of Daonella and to the presence of Halobie either identical with
or very nearly allied to Halobia comata Bittn. or H. fascigera Bittn. This Halobio-
limestone has yielded two fossils only :—

Halobia ¢f. comata Bittn.
Joonnites tharumensts nov. sp.

Halobia comata is the chief leading fossil of the so-called Daonella beds of caraic
age in Johar and Painkhédnda. Species of Joannites with sutures as richly ramified
as those of J. thanamensis are also restrioted to carnic beds. But this palseontologi-
cal evidence is, on the whole, very meagre and scarcely furnishes more evidence
than the stratigraphical fact that the Halobia limestone is included between the
grey beds of julic age and between a lower horizon (Daonella limestone) in the
fauna of which upper ladinic and lower carnic types are assooiated. The Halobia
limestone is undoubtedly of ecarnic age and may be included provisionally in the
equivalents of the julic substage, although with all reserve, due to the scarcity of
fossils.

In the series of * Grey beds’ following above the Halobia limestone, two fossil-
iferous horizons have been distinguished by A. v. Krafft. The lower, situated
near .the very base of the group, has yielded several species of Ammonites, among
them :— '

Trackyceras sp. ind. (group of T\ acanthica).
Trachyceras sp. aff.” Ariae Mojs.
Carnites floridus Wulf.

»  of. nodiger Dien.
Monaplyilites sp, ind. aff. Simony: Hau.
Joannites cymbif ormis Whlf.

This little fauna bears the starap of juliz age, showing a striking similarity to
European faunee of the zoue of Trachyceras donoides. Joannites cymbiformis, the
most common Ammonite of this horizon, Carnites floridus and Carnites nodifer are
all well-known leading fossils of the julic substage in the Esstern Alps. The
Trachycerata also siow a near relationship to julic species, and the genus
Monophyllites has never been found in beds of younger than carnic age. Thus the
correlation of the cephalopod horizou at the base of the grey beds with the julic
zone of Drachyceras Aongides has been established in the 1most convincing manner.

The second fossiliferous horizon of the grey beds occurs about 300 feet ahove
tbe base and has yielded a fauna rich in bivalves and brachiopoda. It consists of
the following forms.
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Brachiopoda.
Rayuchonclla lavcana Bittn
a lancana wnow, var. lilangensis,
2 o senuplecta Muenst,
" Fresh fleldi nov. sp.
2 Aswiwica nov. sp.
. e“. bajuvarice Bittn,
" (dustreclla) sp. sud, eff. nuz Suess,
Spirejerina orophila nov. sp,
" rreguria Suess.
5 ep. s ad. aff. snadshalensss Bittn.
s Deodare nov. sp.

Aentzelia Mentzeliz Dank.
Aspidothyres (nov. gen.; Kraffte vov, sp,
Diclaswa julicun Bittn,

» Haydeni nov, sp.
Crarubula (P indica) nov. sp.

Lambellibranchiala.

Litangsone nov, gen, nobilis nov. sp.
Gonodor (Schathaentlr.) sp, ind,
Lymy sp. ini. aff. ablernans.
Pomaranging nev. gen. Hayd eni vov. sp.

Cephalopoda.
Paratropsies (M sp. inl.

The only Ammonite collected in this horizon and erroneously referred to the
noric genus Distichites by A. v. Krafft is unfortunately too indifferently preserved
to permit a safe determination, but it has certainly a closer relationship to a curnic
than to a noric genus.

Among the Lamelltbranchiata representatives of the two new genera I4langina
and Pomarangine predominate, They are very remarkable types of a rather
strange aspect, although one of them exhibits a distant. affinity to Casstanella and
the other to Pachycardia orto Cardinia, If we waut to find any evidence for a
correlation of this fauna with European ones, we must turn to the Brachiopoda,
among which a copnsiderable number of species are either identical with or nearly
allied to Alpine forms.

The majority of such forms are characteristic of the carnic stage, and especially
of the cordevolic and julic substages. Among them are—

Austriella sp. aff. nux Suess,
Rhynckonella ¢f. semiplecta Muenst,
0 ¢/ . bajuvarica Bitin.
»” himaiea Dien. (very nearly allied to RA. endacnts Muenst.
Spiviferina gregaria Suess,
Dietasma jultcum Bittn,
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There is no evidence in favour of a correlation of this fauna with the tuvalic
suhstage. The fauna is, on the contrary, remarkable for the presence of such types
as hear even a closer affinity to forms of Muschelkalk than to those of upper-triassic
age. Among those forms the typical Mentzelia Mentzelii Duuk, deserves to be
mentioned in the fiest line. Rhynchonella Freshfields belongs to the group of the
anisie DA, trinodosi Dittn. Spiriferida orophile is most nearly allied to Sp. avarica
from the Muschelkaik of Hungary. The most common species of this horizon
belongs to Dielasma, a genus of Terebratulide, which has its chief development in
carboniferous and permian deposits and has already become very rare in the carnic
stage.

Summarizing the above observations we come to the conclusion that the npper
fossiliferous liorizon of the grey beds must still be regarded as homotaxial with the
julie, not with the tuvalic, suhstage.

The next fossiliferous horizon following above the brachiopod and bivalve-
bearing scries of grey beds are the Tropites shales.

The collections derived from the sections round Lilang and near Tikha
ecomprise the following species of Cephalopoda : —

Clydonantilus uewtilobatus nov. sp.

" sp. tnd.
Germanonaniilus of. Breuniers Hauer.
Grypoceras. sp. tad.
Styrioncutiing ¢f. Saupers Hauer.
Plewronautitus sp. ind. aff. Walfeni Moje.
Tropites of. subbuilatus Haner.

»  discobullatus Mojs.

v ef. torquellus Mojs.

»  $p.ind. aff. Paracelst Mojs.
Paratropites tikhensis nov. sp.
Trackysagenites cf. Herbschs Mojs.

” galeatus nov. sp.

' %ov. 8p. ind.
Eutomoceras (Discotropites) sp. ind. aff. Piints Mojs.
Anatomttes sp. tnd. of. Bacekus Mojs.
Jovstes spectabilss Dieo,

. ¢f. stewius Gemm.

Sandlingites nov. sp. aff. Beyere Mojs,
» nov. 8p. aff. Castetlss Mojs.

Clionstes heraclitiformis nov. sp.

Proarcestes cf. Gaytani Klipst.

This fauna clearly bears the stamp of tuvalic age as shown by the genera which
it contains as well as by the relationship of its species to European ones, There is
not a single genus in this fauna which had not been fouud in the carnic stage of
the Alpine Trias. Tropites especially plays an important part in this horizon, more
than one-half the number of Ammonites collected by Hayden and A. v. Krafft
belonging to this genus.
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The presence of the genus Parajuvavites of noric habit quoted by A. v. Krafft
has not been verified. The specimens referred to Parajuvavites by that author are
representatives of the genus Jovifes with carnic affinities. Nor has Proclydonau-
tilus Griesbaché Mojs., the leading fossil of the Hauerites beds of the Bambanag
section, been actually met with in the Tropites beds of Spiti, as had been stated by
A, v. Krafft.

The Tropites beds of Spiti are eminently a Cephalopod-bearing horizon, in
which XNautiloidea and Ammonoidea predomivate more exclusively than in any
other horizon of the Himalayan Tyriss hitherto known. The specific affinities of the
Cephalopoda speak indubitably in favour of a correlation with the tuvalic substage.
There are also affinities with the julic fauna of the zone of Trachyceras Aonoides,
but they are far inferior in importance to those with the European fauna of the
zone of Dropites subbullaiys. Nearly all those elements, belonging to the genera
Tropites, Trachysagenites, Jovites, Clionites, Anatomiles, which give to the fauna
of the Tropites beds its peculiar type and are comspicuous for their fecundity,
are elements characteristic of the tuvalic substage of the Hallstatt limestone.

There can be no doubt that the Tropites beds of Spiti are a homotaxial
equivalent of the subbullatus-zone of the Easterr Alps, and that they must be
correlated with the tuvalic substage, as has been suggested by A. v. Krafft.

The complete absence of any noric elements in this fauna is of great importance.
It clearly proves the association of carnic and noric elements in the fauna of the
Tropites limestone of Byans to be an exeeptional case, and speaks very strongly in
favour of my view that this assemblage is absolutely incongruous with a homo-
taxity of the Tropites limestone of Byans with the tuvalic Tropites limestone of the
Salzkammergut. Whereas the Tropites beds of Spiti with their rich fauna of
.purely carnic habit and overlain by horizons with noric faunee must be correlated
with the tuvalic substage of Europe, the Iropites limestone of Byans, although
reaching only a few feet in thickness, is a homotaxial equivalent of both the tuvalie
and lacic (lower noric) substages,

The complex of dolomitic limestones following above the Tropites beds, whose
thickness amounts to 300 feet, must also be included in the tuvalic substage. It has
yielded few and badly preserved fossils only, but among them several species with
decidedly carnic affinities.

Such species are—

Dielasma julscum Bittn,

Terebratula sp. ind. aff. perifor.nis Suess.
Speriferina sp. ind. aff. shalshalensrs Bitin,
Lima ef. ausiriaca Bittn.

Halobia aff. superin Mojs,

Daondia aff. styriace Mojs.

Thus the beds including the tuvalic substage in Spiti sre at least 00 feet, and
probably 900 feet in thickness, whereas the entire thickness of the carnic slage

amounts to at least.1,600 feet.
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by characteristic fossils. In this lower division the following main groups can be
distinguished :— '

4. Quartzite series,

3. Bivalve (Monotis) beds.

2. Brachiopod beds.

1. Cephalopod beds.

The Cephalopod beds ave represented by a series of brown, weathering lime~
stones with sandstones and shales intercalated, of 500 feet in thickuess. The lower
part of these beds is poor in fossils, containing indetorminable plant remains,
brachiopods, bivalves and fragments of Ammonites, In the upper part Cepha-
lopoda are common.

The fauna consists of the following forms :—

Dielasmu aff. juitco Bittn,
Halobia <p. ind. aff. faseigera Bittn,
Lecten (dmusium) margardicostatus nov. sp.
Pecten nov. sp. aff. moniiifero Muenst.
Mysidioptera sp. ind.
Lima of. servaticosta Bittn,
Cardite sp.end.
Homomya sp. tnd. aff. Lariane Stopp.
Mytilus sp. end. aff. vugoss Boem,
Atractites sp. ind. aff- alveolari Quenst.
" oz, $p, 18d.

Orthoceras sp, ind.
Paranautilis arcestiformis nov, gp,
Pleunronautilus nov sp.ind. aff. Kossmati LDien.

» ef. tibelsens Mojs.
Indonauttbus ef. Kvaffti Mojs.
Dittmarites 1illiformes nov. sp.

” ef trailliformes Dien.
Clionstes sp. ind. aff. Hughesii Mojs.
Metacarnites JFootes nov sp.

" Hendersoni nov. sp.
Pinacoceras 1p. md, affs Parma Mojs.
Tibetites of. Ryalli Mojs.

Anatsbetites Kclvinsformes nov, sp,
Paratibetites Tornquisti Mojs.

, sp. ind. aff. Wheeleri Dien.
Rhacoplyilites sp. tnd.

Juvaviies nov, sp, ind. off. Ebrlichi Hauer,

”» angnlatus 0V, 8P,
Anotemiles sp. tnd. aff. Melrkiores Mojs.
0 nove sp. group of A. actsss,

. spo tnd. aff. Carold M ojs,
R sp. ind. aff. Alphounst Mojs.
This list does not give an adequate idea of the real richnessof the fauna of the
Juvavites beds. This is chiefly due fo the fragmentary state of preservation of
-
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the materials available for examination, which has obliged me to leave the
majority of bivalves undetermined.

The predominating elements of tbis fauna are Cephalopoda of tbe genus
Juvavites. From this leading fossil the name of the rock-group has been proposed
by A. v. Krafit. The overwhelming majority of Juvevites do not show a’close
affinity to any of the congenevic species from the triassic deposits of the Eastern
Alps. As has been remarked by A. v Kralft, they are representatives of the
section of continui but differ from all Buropean forms by the angn]ar' arrangement
of the ribs, erossing the external part in lappets which are strongly turned forward
and provided with an angular apex. In this respect a remarkable similarity with
the external sculpture of Démorphites bas been noticed.

Representatives of the genus Juvavites allied to J. Ehrlichéi v. Hauer are very
few in number. The subgenus A nratomites is also ravher rare. Its species, none of
which are suitable for the introduction of a proper denomination, exhibit affinities
both to carnic and noric forms of the Alpine and Himalayan Trias.

The majority of the Cephalopoda of the Juvavites beds with affinities to other
forms of triassic age has relations with the noric faunse of the zone of Proclydo-
nautilus Grizsbachi and of the Halorites limestone of the Bambavag cliff in
Kuraaon. One species, Paratibetites Tornguisti Mojs., is perfectly identical with
a form described from the Bambanag section. As species very nearly allied the
following can be mentioned : —

Lleuronautilusef. tideticus Mojs.
Indonautilus ¢f. Kraffti Mojs.
Clionites sp. off. Hughesis Mojs.
Tebet ites ¢f. Ryalls Mojs.
Anatibetites Kelviniformis Dien.

The wnoric character of the fauna shows itself by the presence of Afractites cf.
alveolaris Quenst. Dittmarites lilliformés, a species very nearly allied to D. Lsil.
of noric age, and of a large species of Pimacoceras of the group of P. parma.
Metacarnites, including types which had been referred to Hauerstes by
E. v. Mojsisovics, is known from the zone of Proclydonautilus Griesbachs as well
as from the Tropites limestone of Byans. In the latter rock-group Dittmarites
Trailliformis Dien. has also been found, to which species an example from the
Juvavites beds near Yo may be referred as cf.

As the above analysis shows, there can be no doubt that the Juvavites beds are
of noric age. A. v. Krafft has correctly recognized their relationships to the gone
of Proclydonantilue Griesbacki aud to the Halorites limestone of the central
Himalayas of Jobdr and Psinkbdnda. He was also perfectly right in laying special
stress on the considerable local peculiarities of their fauna.

Although from their stratigraphical position as well as from their paleeonto-
logical character the Juvavites beds must be looked upon as equivalents of the
Halorites beds and of the complex of slaty and nodular limestones uvderlying
them (zone of Prociydonsutilus Griesbachi Mojs., Haunerites beds .antea), the
specific similarities are rather infrequent and confived to a small number of
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faunistic elements only. By far the most prominent elemenrts in the fauna of the
Halorites limestone are the genera Halorites and Parajuvaviies, each of them
bemg very rich in species as well as in iudividuals. Neither of these two genera has
been met with in Spitl. On the other hand Juvavites s. s., the leading genus of the
lower-noric substage in Spiti, is entirely absent in the Bambanag section.

Although the state of preservation of my materials from the Juvavites beds
often leaves much to be desired, there can be no doubt thai the palsontological
relationship between the fauua of this group and that of the Halorites limestone is
far less intimate thau might be expected from two horizons standing so near in
age and horizontal distribution. The explanation of these local peculiarities of the
two homotazial faun= is certainly one of the most obseure points in our knowledge
of the Himdlayan Trias. The facies of the Juvavites beds in 3piti, which is rather
unfavourable for the preservation of fossils, may no doubt account for the compara-
tive scarcity of the fauna, but not foy its remarkable difference from the fauna of
the Halorites beds, especially with regard to the predominance of Juvavites and the
-complete absence of Parajuvavites and Halorites.

A feature, which the Juvavites beds and the Halorites limestone have in
common, is the scarcity of Arcestvides, which in the norie faunw of the Alpine
region play a far more important part than in the Tndian Trias.

The three groups following above the Juvavites beds are rather poor in fossils
.and have a considerable number of faunistic elements in common,

The fauna of the coral limestone has yielded only two species of brachiopods,
namely :—

Spiriferina Griesbacks Bittn.
Rlynchonells bambanagensis Bittun.
The fauna of the Monotis beds contains the following forms :-—

Spiriferina Griesbacks Bittn.
Sptrigera Dieneri Bittn.
Anlacothyres joharensis Bitin.
Bhynchonella bawbanagensis Bittn,
Monotis salinaria Schloth.
Anodontophora Griesbacki Bittn.
Pecten margariticostatus Dien.

v Sp.ond. aff. Massalonge Stopp.

s Speind. aff. monslifero Muenst.
Lima ¢f. serraticosta Bittu.
Pleuromya kimatca nov. sp.
Homomya sp. ind.
Trackyplevraspidiies sp. aff. Griffiths Dien.

” nov. 3P tAD,
As species of the quartzite series the following might be mentioned :~—

Spiriferina Griesbackhs Bittn.
Spirigera (?) Marionsts Krafft.

» mantenstformes nov. sp.
Aulacothyres jokarensts Bitin.
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Rihynchonella bambanagensts Bittn,
Pecten sp, snd. aff. monsiifero Muenst.
Lsma cf. serraticoste Bitto.

» 3. ind. aff. cumannica Bittn.

The two species of Brachiopoda, which have been found in the coral limestone,.
range throughout the entire thickness of the upper noric stage in Spiti. The-
Monotis beds and quartzite series are moreover connected faunistically by the
followin.g species :-—

Aulacothyris joharensis Bittn.
DPecten sp. ind. aff .monilifero Muenst,
Lima c¢/. serraticosta Bittn.

»  8p ind. aff. ewmauniea Bitto.

Characteristic leading fossils restricted to one single stratigraphical horizom
ouly, are Monotis salinaria in the Monotis beds and Spirigera (?) Maniensis in the-
quartzite series.

Taking into consideration the searcity of the fauna, and the considerable-
number of faunistic elements connecting the coral limestone, Monotis beds and
quartzite series, the correlation of these three rock-groups in Spiti with the corre-
sponding divisions of triassic sediments in Johar and Painkhduda can be based on
stratigraphical evidence only. A. v. Krafft correlated the coral limestone with the
limestone with Spiriferina Griesbachi in the Bambanag section and the Monotis
beds with tbe Sagenites beds. The quartzite series has also been observed in the
Bambanag section by A. v. Krafft, where it had formerly been nuknown or had, at
least, not been regarded as a. special rock-group. It consists of altermating dark
limestones, shales, sandstones and quartzites. A. v. Krafft in his manuscript notes.
mentions the presence of Spirigera Maniensis in this series in the Bambanag
section,

The correlation of the coral limestone, Monotis beds and quartzites with
Spirigera Maniensis of Spiti with the corresponding beds in Painkbdnda and
Johar, as suggested by A. v. Krafft, stands firm so far, as it is based on
stratigraphical evidence and is, to say the least, not contradicted by the results of
the paleevntological examination, as put forward in this memoir.

The triassic stages following above the quartzite series are well defined towards.
their base, but tbeir upper bouudary is quite uncertain. They are included in an
enormous mass of dolomitic limestones, lithologically recalling the Dachstein-
kalk of the Austrian Alps. In its lower portion this dolomitic limestone is locally
rich in casts of Megalodon (Para limestone of Stoliczka), but is otherwise very poor-
in fossils. The following fossils have been determined :—

Sperigera (?) Noetlingit Bittn.
Speriferina of. Hauers Suess.
Lima cumauniea Bittn.
Pecten Chabrangensis nov. sp,

“  sp.ind. aff. Landrano Bittn,
Entolsum of . subdemicsum M censt.
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PLATE I.

b, . PROTRACEYORRAS ARChELAUS Lbe. Daonella shales, Thanam valley,

b. ’ LADINUM Mojs. ’ »» ’ »

b. » cf. ArcHELAUS Lbe. Daonella shales, N. of Po.

/ » LADINUM Mojs. s » o
» »n » b} » 29
» cf. LoN@oBARDIOOM Mojs. Daonella shales, W. of Lilang.
» 8p. ind. cf. REGOLEDANUM Mojs, Daonella shales, N. of Po..

Avorcitss of. Liaczk6y Dien. Daonella shales, W, of Lilang.
Arpraoires of vissarensis Mojs. Topmost beds of upper Muschelkalk, Kég4.






PLATE IL.

Fig. la, b, c. PnrorracaycEras SpitieNsk Dien. Daonella shales, N. of Po,
Pg

. 2a, &. ” ’ »  Inner nucleus of a large specimen. Daonella
shales, Thanam valley.
Fig. 3a, 6. ” Arcreraus Lbe. var. Daonella shales, Thatam valley.
Fig. 4. » of. LoNgoBARDICUM Mojs. Daonella shales, N. of Po,
Fig. 5. ’ v ’ .»  Topmost beds of upper Muschelkalk
near Muth.
Fig. 6. ” sp. ind. Daonella shales, W. of Lilang.
Fig. 70, 8. Paroroceras pELicIOsUM Dien. Daonella limestone, N. of Thabo.
Fig. 8s,8,c,d. RBYNCHONELLA cf. THEOBALDIANA Stol. Daonella shales, E. of Muth.
Fig. 9a. 3, ¢,d. SPIr16ERA HOUN10a Bittn. ' » N.-E. of Po.
Fig. 102, 4, ¢, d. " » »  Topmost beds of upper Muschelkalk, S.-E. of Muth.
Pig. 114,46, ¢,d. RavyxcuoneLiA cf. RiMriNeNnsis Bittn, Daonella limestone, W. of Lilang.
Fig. 12. TravMarocriNs sp. ind. Daonella limestone, W. of Lilang.

Fig. 13. 2 ”» » ) N. of Kéga’;.



# 9 %% )% M&



1.
2
3
4.
Fig. b.
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PLATE 1II-

Daoneura LioMmsrr Wissm. Daonella shales, E. of Muth.

1

»

»

»

»

»

9

»”

2"

»” »
» »
»” »
» »

" limestone, W. of Lilang.
” shales, E. of Muth.

» ” » .3

» " W. of Lilang.

iNpica Bittn. Daonella limestone, W. of Lilang.

» ”

»

shales, E. of Muth.

gp. ind. aff. LoMmerr Wissm. Daonella shales, W. of Lilang.

s 3 3 Casslanz Mojs.

INDICA Bittn. var.

limestone, mouth of Pankpolung
Rupshu.
Daonella limestone, W. of Lilang.






Fig.

Fig.
Fig.

PLATE IV.

la, b. CerariTes NarsingBa Dien. Daonella shales, Thanam valley.

2a, &. " " » » , N.of Po,

3a, 5. ARPamTES RImkiveNsis Mojs. Top:lxlost beds of Muschelkalk, Banna, e.9., Thanam
_ valley.

4. ” ’ ) Topmost beds of Muschelkalk, Kigs.

da, &. .- ) ) ’s o ’ Banna, e.g., Thanam

valley.

6a, b. ”» ’ y Daonella shales, Thanam valley.

1. » 5 »,  Topmost beds of Muschelkalk, Kigs.

8a, 6, o. RiMxiNITES N1T1ENS18-Moje. Daonella shales, 8.-E. of Muth.

9a, b. » v » Topmost beds of Muschelkalk, Thanam valley..

. 10.

*? ”» » 2 » » ) 2 3

1la, b, c. HUN(lenITBS Prapor Mojs. Daonella shales, N.-E. of Po.
120, b. Prycuites GeEraroi Bifd. Daonella shales, N. of Po,
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PLATE Vi

Fosssls from the Halobta limestone.

Fig. 1a. b. JoANNITES TEANAMENSIS Dien, Banna, ¢,9., Thanam valley.

Fig. 2. Harosia cf. comata Bittne W, of Lilang,
mg' 3‘ 29 2 » » » »
F ig. 4. 9 9 » » » 1]






PLATE VIIL
Fosstls from the grey eds.

Fig. 1la,b,c,d. Livanaixs ~osiuis Dien,
Fig. 2a, b, ” ' ,

Fig. 3. GonNopoN (Schafhaeutlia) sp. ind.
Fig 40, b, ¢, d, e. 1Y) 9 »

Fig. 5a, b, ¢, d. RuyNcHONELLA cf. sEMIPLECIA Muenst.
All specimens from the upper horizon of the grey beds, W. of Lilang.






PLATE 1X.
Fosstls from the grey beda.

Fig. la,b,¢,d. RBYNORONEBLLA LAUOANA Bittn. W. of Lilang,

Fig. 2a,, ¢, d. ” » var. LitaNGENsIS Dien. W. of Lilang.
Fig. 3a,d, ¢, d. » (AusTRistrapsp. ind. ex aff. Ru. NUX Suess. W, of Lilang.

Fig. 44,5, ¢,d, e. MEnT2ELIA MBNTZELI Dunk. W, of Lilang.
Fig. 5a, 4, c. SeirireRINA DEopDarZE Dien. N.-W. of Muth.

Fig. 6. » » » Septam and dental plate of ventral valve, N.-W.
of Muth,

Fig- 18,3, ¢, d. » ororuILA Dien, W. of Lilang.

Fig‘ 8“) b’ e. »” » » » »

Fig. 92,5, ¢,d. »» GREGARIA Suess, W. of Lilang.

Fig 10a, b, c, d. ” 2 » » »

Fig. 11a, b, ¢. » sp. ind. aff. sHALSHALENSIs Bittn, W. of Lilang.

Fig. 124, 5, ¢, d. RBYNOHONELLA HiMaica Dien. W. of Lilang,

Flg'. 1382, b, ¢, d. » » » » »
Fig. 144,59, c. Drerasua suiicum Bittn,. N.-W. of Muth.






Fig. 14, &,
Fig. 2a, b,
Pig. 8¢, 4,
Fig. 4q, b.

PLATE X.
Fossils from the grey beds,

¢, d. RBYNcHONkLLA FrEsrrizipi Dien. Type, N.-W. of Muth,

¢, d. ’ » 5, NoW, of Muth.

e, 4. » cf. Baruvarica Bittn, W. of Lilang.
Lama sp. ind. ex aff. sLTEkNANs Bittn. W. of Lilang.

Fig. ba, b, ¢, . PomaraNgiNA Havpent Dien. Hills between Pomarang and Mani.

Fig. 6a, &,

¢, d. I PY) IY) » 3 » » ”






PLATE XI.
Fosssls from the grey beds,

Fig. la, b,e,d. Aspmorayris Krarrr Dien. W. of Lilang.

Fig. 24,4, e, d. " » ’

Flg‘ da—A. » » »

Fig. 4a, b. ’s ” " Sections of the dorsal valve,
Fig. 5. ”» ”» » » )

Fig. 6a, b, ¢, d. DimuasMa Havprym Dien. W. of Lilang.

Fig. 7a,b, ¢, d. » ' " ’ »

Fig 8a, 6} c. d. 19 1) » » ”

Flg . 91, b, ¢, d. ) » » P} »

Eix. 10. » ” »  Cardinal section, W, of Lilang.
Fig. 11a, 6, ¢, d. CruraruLA INDIOA Dien. W, of Lilang,

Fig. 124, . TracBYCERAS. Group of T. acanthica, W, of Thabo,

Fig. 13. » gp. ind, aff. T. Ar12 Mojs.

Fig‘. 14.‘0, 0. ”» ”» » ” »

Fig. 13. TFrom the base of grey beds, W. of Thabo.

Fig.

14. From Banna, ¢.9., Thanam valley.

Cross-sections of both valves, W. of Lilang.






PLATE XIL
Fosesls from the grey beds (Ammonosdea).

Fig. 1s, 5. 'TBACHYCERAS sp. ind. Group of T. acanthica, W. of Thabo.
Fig. 2a, b, c. CarNiTes rLoriDUS Wulf. N.-W. of Thabo,

Fig. 3a, &. . NopiFER Dien, N. of Thabo,

Fig. 4a, b, PamarroPITES (?) 8p. ind. W, of Lilang.

Fig. ba, 5. JoanNiTEs oYMBIFORMIS Wulf. Between Pomarsng and Mani

Fig" 60 » » » N.'W. Of Mllth.
Fig. 7. MoxNoPEYLLITES sp. ind, aff. SiMoNYr Hauer. W. of Thabo.






PLATE XIII.
Fosstls from the Tropstes beds.

Fig. 1o, 6. CLYDONAUTILUS ACUT11.0BaTUS Dien. (reduced from the type-specimen to $ of natural
size). K. above Lilang,

Fig. 23, 5. GrrMaNoNavUTILUB ¢f. BREuNNERI Hauer. W, of Lilang.

Fig. 8a, 6. StyrioNaurirus cf. SaveERt Hauver. W. of Lilang.






PLATFE XIV.
Fosstls from the Tropstes beds.

Fig. 1a, b. TropITEs DISCOBULLATUS Mojs. W. of I;ilang.

Fig. 2a, 5. ’ cf. suBBULLATUS Hauer. E. above Lilang.

Fig. 8a, b. w s ” »  Tikha.

Rg. 44, 5. ’ ef. rorQUILLUs Mojs. Tikha.

Fig. b2, /. ParatroriTRs TIKEENSIS Dien, Tikha.

Fig. 64, 5. ANatoMmires sp. ind. ¢f. Baconus Mojs. E. above Lilang.
Fig. 7a, b. |
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